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ULDL configuration ( See Table 4.2-2 ) PRACHT 
configuration Index 
( See Table 5.7 / 1-3 ) 

O 4 5 6 

2 
3 

( 0,1,0,1 ) ( 0,1,0,0 ) | ( 0,1,0,2 ) 0,1,0.1 ) ( 0,1,0,0 ) ( 0,1,0,2 ) 
( 0,2,0,2 ) ( 0,2,0,1 ) ( 0,2,0,0 ) | ( 0,2,0,2 ) ( 0,2,0,1 ) ( 0,2,0,0 ) ( 0,2,0,2 ) 

NA 
( 0,0,0,2 ) ( 0,0,0,1 ) ( 0,0,0,0 ) ( 0,0,0.2 ) ( 0,0,0.1 ) ( 0,0,0,0 ) ( 0,0,0,2 ) 

NA 
NA ( 0,0,0,1 ) . 

( 0.0.0,1 ) ( 0,0,0,0 ) ( 0,0,0.1 ) ( 0,0,0,0 ) ( 0,0,0,0 ) ( 0,0,0.2 ) 6 

7 ( 0,0,0,0 ) N / A N / A NA 
( 0,0,0 , .2 ) 

( 0,0,0,0 ) NA ( 0,0,1,0 ) 
( 0,0,0,0 ) ( 0,0,0,0 ) ( 0,0,0,0 ) ( 0,0,0,0 ) ( 0,0,0,0 ) ( 0,0,0,1 ) 

( 0,0,0,2 ) ( 0,0,0,1 ) ( 0,0,1,0 ) ( 0,0,0.1 ) ( 0.0,0,1 ) ( 1,0,0.0 ) ( 0,0,0.2 ) 
( 1,0,0,0 ) ( 0,0,0,2 ) ( 1,0,0.1 ) ( 2,0,0,0 ) ( 0,0,1,1 ) 

NA ( 0,0,0,1 ) NA ( 0,0,0,2 ) 
( 0,0,1,1 ) ( 1,0,1,0 ) 

NA N / A N / A N / A NA ? ( 0.0,1,0 ) 
( 0,0,1,1 

> 9 

12 ( 0,0,0,2 ) ( 0,0,0,1 ) ( 0,0,0,1 ) 1 ( 0,0,1,0 ) ( 0,0,0,1 ) ( 0,0,0,1 ) ( 1,0,0,0 ) ( 0,0,0,2 ) 
( 0,0,1,0 ) 1 ( 1,0,0,0 ) ( 0,0,0,2 ) ( 1,0,0,0 ) ( 2,0,0,0 ) ( 0,0,1,0 ) 

( 0,0,1,2 ) | ( 0.0.1,1 ) | ( 1,0,1,0 11,0,0.2 ) ( 1,0,0,1 ( 3,0,0,0 ( 0,0,1,1 ) 
. 

( 0,0,0.2 ) ( 0,0,0,1 ) N / A ( 0,0,0 , .2 ) 
( 0,0,1,2 ) 
( 0,0,0,0 ) 

( 0.0,0,2 ) > 9 NA ( 0,0,1,0 ) ( 0,0,0.2 ) > 

? . 

2 2 

> ( 0,0,0.1 ) ( 0,0,1,0 ) ( 0,0,0,1 ) 1 ( 0,0,0.1 ) ( 1,0,0,0 ) ( 0,0,0,1 ) 
( 0,0,0,2 ) 0,0,1,0 ) ( 1,0,0,0 ) 1 ( 0,0,0.2 ) ( 1,0,0,0 ) ( 2,0,0,0 ) ( 0,0,0,2 ) 
( 0,0,1,1 ) ( 0,0,1,1 ) ( 1,0,1,0 ) ( 1,0,0,1 ) ( 1,0,0.1 ) ( 3,0,0,0 ) ( 0,0,1,0 ) 
( 0,0,1,2 ) | ( 1,0,0,1 ) ( 2,0,0,0 ) ( 1,0,0,2 ) ( 2,0,0,1 ) ( 4,0,0,0 ) | | | ( 0,0,1,1 ) 
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16 

3 

( 0,0,0,1 ) ( 0,0,0,0 ) ( 0,0,0,0 ) ( 0,0,0,0 ) ( 0,0,0,0 ) 
( 0,0,0,2 ) ( 0,0,0,1 ) ( 0,0,1,0 ) ( 0,0,0,1 ) ( 0,0,0,1 ) 
( 0,0,1,0 ) ( 0,0,1,0 ) ( 1,0,0,0 ) ( 0,0,0,2 ) ( 1,0,0,0 ) N / A N / A 
( 0,0,1,1 ) ( 0,0,1,1 ) ( 1,0,1,0 ) ( 1,0,0,0 ) ( 1,0,0,1 ) 
( 0,0,1,2 ) | ( 1,0,1,1 ) ( 2,0,1,0 ( 1,0,0,2 ) ( 2,0,0,0 ) 
( 0,0,0,0 ) ( 0,0,0,0 ) 
( 0,0,0,1 ) ( 0,0,0,1 ) ( 0,0,0,1 ) 
( 0,0,0,2 ) ( 0,0,1,0 ) ( 0,0,0,2 ) NA NA NA 
( 0,0,1,0 ) ( 0,0,1,1 ) ( 1,0,0,0 ) 
( 0,0,1,2 ( 1,0,0,0 ) ( 1,0,0,1 ) 
( 0,0,0,0 ) ( 0,0,0,0 ) ( 0,0,0,0 ) ( 0,0,0,0 ) ( 0,0,0,0 ) ( 0,0,0,0 ) ( 0,0,0,0 ) 
( 0,0,0,1 ) ( 0,0,0,1 ) ( 0,0,1,0 ) ( 0,0,0,1 ) ( 0,0,0,1 ) ( 1,0,0,0 ) ( 0,0,0,1 ) 
( 0,0,0,2 ) 0,0,1,0 ) ( 1,0,0,0 ) ( 0,0,0,2 ) ( 1,0,0,0 ) ( 2,0,0,0 ) ( 0,0,0,2 ) 
( 0,0,1,0 ) ( 0,0,1,1 ) ( 1,0,1,0 ) ( 1,0,0,0 ) ( 1,0,0,1 ) ( 3,0,0,0 ) ( 0,0,1,0 ) 
( 0,0,1,1 ) ( 1,0,0,1 ) ( 2,0,0,0 ) ( 1,0,0,1 ) | ( 2,0,0,0 ) ( 4,0,0,0 ) ( 0,0,1,1 ) 
( 0,0,1,2 ) ( 1,0,1,1 ) ( 2,0,1,0 ) ( 1,0,0,2 ) ( 2,0,0,1 ) ( 5,0,0,0 ) 1 ( 1,0,0,2 ) 

( 0,0,0,0 ) ( 0,0,0,0 ) 
( 0,0,0,1 ) ( 0,0,0,1 ) 

( 0,0,0,2 ) NA NA NA NA NA ( 0,0,1,0 ) 
( 1,0,0,0 ) ( 0,0,1,1 ) 

18 

2 

20/30 ( 0,1,0,1 ) 1 ( 0,1,0,0 ) 
21/31 ( 0,2,0,1 ) ( 0,2,0,0 ) 
22 / 32 | ( 0,1,1,1 ) 1 ( 0,1,1.0 ) 
23/33 ( 0,0,0,1 ) ( 0,0,0,0 ) 
24/34 ( 0,0,1,1 ) 1 ( 0,0,1,0 ) 

N / A 
NA 
N / A 
NA 
N / A 

( 0,1,0,0 ) 
( 0,2,0,1 ) 1 ( 0,2,0,0 ) 
NA 

( 0,0,0,0 ) 
NA 

NA 
N / A 
N / A 
NA 
NA 

9 

( 0,0,0,1 ) 

9 9 3 25 / 35 N / A NA ( 1,0,0,1 ) ( 1,0,0,0 ) 
( 0,0,0,1 ) 1 ( 0,0,0,0 ) 

26 / 36 ( 0,0,1,1 ) 1 ( 0,0,1,0 ) 

( 0,0,1,0 ) 
( 0,0,0,1 ) 
( 0,0,1,0 ) 
( 1,0,0,1 ) 
( 0,0,0,1 ) 

NA NA 
? 9 ? 

> 

9 4 27/37 N / A N / A ( 1,0,0,1 ) 2 

2 2 

( 2,0,0,1 ) 1 ( 2,0,0,0 ) 
( 0,0,0,1 ) ( 0,0,0,0 ) 
( 1,0,0,1 ) 1 ( 1,0,0,0 ) 
( 2,0,0,1 ) I ( 2,0,0,0 ) 
( 3,0,0,1 ) ( 3,0,0,0 ) 
( 0,0,0,1 ) 1 ( 0,0,0,0 ) 
( 1,0,0,1 ) | ( 1,0,0,0 ) 
( 2,0,0,1 ) 1 ( 2,0,0,0 ) 
( 3,0,0,1 ) ( 3,0,0,0 ) 
( 4,0,0.1 ) ( 4,0,0,0 ) 

( 0,0,0,1 ) 0,0,0,0 ) 
( 0,0,1,0 ) . 3 

28 / 38 ( 1,0,0.1 ) 1 ( 1,0,0,0 ) 
( 1,0,1,1 ) 1 ( 1,0,1,0 ) 
( 2,0,0,1 ) ( 2,0,0,0 ) 

NA NA 2 9 

( 2,0,0.1 ) 
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> 29/39 

40 

43 
44 

( 0,0,0,1 ) ( 0,0,0,0 ) ( 0,0,0,1 ) ( 0,0,0,0 ) ( 0,0,0,1 ) 
( 0,0,1,1 ) ( 0,0,1,0 ) ( 1,0,0,1 ) ( 1,0,0,0 ) ( 0,0,1,0 ) 
( 1,0,0.1 ) ( 1,0,0,0 ) ( 2,0,0.1 ) ( 2,0,0,0 ) 
( 1,0,1,1 ) ( 1,0,1,0 ) ( 3,0,0,1 ) ( 3,0,0,0 ) ( 1,0,1,0 ) NA NA 
( 2,0,0,1 ) ( 2,0,0,0 ) ( 4,0,0,1 ) ( 4,0,0,0 ) ( 2,0,0,1 ) 
( 2,0,1,1 ) ( 2,0,1,0 ) ( 5,0,0,1 ) ( 5,0,0,0 ) 
( 0,1,0,0 ) N / A NA N / A NA ( 0,1,0,0 ) 
( 0,2,0,0 ) NA ( 0,2,0,0 ) N / A NA ( 0,2,0,0 ) 

NA N / A NA NA N / A NA 
( 0,0,0,0 ) NA ( 0,0,0,0 ) N / A N / A ( 0,0,0,0 ) 
( 0,0,1,0 ) NA N / A N / A N / A NA NA 

( 0,0,0,0 ) NA NA N / A NA 
( 0,0,1,0 ) ( 1,0,0,0 ) 
( 0,0,0,0 ) 
( 0,0,1,0 ) NA NA NA NA ( 2,0,0,0 ) ( 2,0,0,0 ) 
( 0,0,0,0 ) ( 0,0,0,0 ) ( 0,0,0,0 ) 
( 0,0,1,0 ) ( 1,0,0,0 ) ( 1,0,0,0 ) 
( 1,0,0,0 ) N / A N / A ( 2,0,0,0 ) N / A N / A ( 2,0,0,0 ) 

( 3,0,0,0 ) 
( 0,1,0 , * ) | ( 0,1,0 , * ) ( 0,1,0 , * ) | ( 0,1,0 , * ) ( 0,1,0 , * ) ( 0,1,0 , * ) ( 0,1,0 , * ) 
( 0,2,0 , * | ( 0,2,0 , * ) | ( 0,2,0 , * ) ( 0,2,0 , * ) ( 0,2,0 , * ) 0,2,0 , | , | * ) ( 0,2,0 , * ) 
( 0,1,1,0,1,1,5 ) ( 0,1,1 , * ) NA NA NA 

4 

> 

2 

51 
52 N / A NA NA 

( 0,0,0 , * ) ( 0,0,0 , * ) ( 0,0,0 , * ) ( 0,0,0 , * ) ( 0,0,0 , * ) ( 0,0,0 , * ) ( 0,0,0 , * ) 
( 0,0,1 , k ) | ( 0,0,1 , * ) ( 0,0,1 , * | ( 1,0,0 , * ) ( 1,0,0 , * ) ( 1,0,0 , * ) ( 0,0,1 , * ) 53 

> 2 7 

55 

( 0,0,1 , * ) ( 0,0,1 , * ) ( 0,0,1 , * ) ( 1,0,0 , * ) ( 1,0,0 , * ) ( 1,0,0 , * ) ( 0,0,1 , * ) 
( 1,0,0 , * ) ( 1,0,0 , * ) ( 1,0,0 , * ) ( 2,0,0 , * ) ( 2,0,0 , * ) ( 2,0,0 , * ) ( 1,0,0 , * ) 
( 0,0,0 , * ) | ( 0.0,0 , * ) ( 0,0,0 , * ) ( 0,0,0 , * ) ( 0,0,0 , * ) ( 0,0,0 , * ) ( 0,0,0 , * ) 
( 0,0,1 , * ) ( 0,0,1 , * ) ( 0,0,1 , * ) ( 1,0,0 , * ) ( 1,0,0 , * ) ( 1,0,0 , * ) ( 0,0,1 , * ) 
( 1,0,0 , * ) ( 1,0,0 , * ) ( 1,0,0 , * ) ( 2,0,0 , * ) ( 2,0,0 , * ) ( 2,0,0 , * ) ( 1,0,0 , * ) 
( 1,0,1 , * ) ( 1,0,1 . * ) ( 1,0,1 . * ) ( 3,0,0 , * ) ( 3,0,0 , * ) ( 3,0,0 , * ) ( 1,0,1 . * ) 
( 0,0,0 , * ) ( 0,0,0 , * ) ( 0,0,0 , * ) ( 0,0,0 , * ) ( 0,0,0 , * ) ( 0,0,0 , * ) ( 0,0,0 , * ) 
( 0,0,1 , * ) ( 0,0,1 , * ) ( 0,0,1 , * ) ( 1,0,0 , * ) ( 1,0,0 , * ) ( 1,0,0 , * ) ( 0,0,1 , * ) 
( 1,0,0 , * ) ( 1,0,0 , * ) ( 1,0,0 , * ) ( 2,0,0 , * ) ( 2,0,0 , * ) ( 2,0,0 , * ) ( 1,0,0 , * ) 
( 1,0,1 , * ) ( 1,0,1 , * ) ( 1,0,1 , * ) ( 3,0,0 , * ) ( 3,0,0 , * ) ( 3,0,0 , * ) ( 1,0,1 , * ) 
( 2,0,0 , * ) | ( 2,0,0 , * ) ( 2,0,0 , * ) | ( 4,0,0,4 ) ( 4,0,0 , * ) ( 4,0,0 , * ) ( 2,0,0 , * ) 

56 
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( 0,0,0 , * ) ( 0,0,0 , * ) ( 0,0,0 , * ) ( 0,0,0 , * ) ( 0,0,0 , * ) ( 0,0,0 , * ) ( 0,0,0 , * ) 
( 0,0,1 , * ) ( 0,0,1 , * ) ( 0,0,1 , * ) ( 1,0,0 , * ) ( 1,0,0 , * ) ( 1,0,0 , * ) ( 0,0,1 , * ) 
( 1,0,0 , * ) ( 1,0,0 , * ) ( 1,0,0 , * ) ( 2,0,0 , * ) ( 2,0,0 , * ) ( 2,0,0 , * ) ( 1,0,0 , * ) 57 ( 1,0,1 , * ) ( 1,0,1 , * ) ( 1,0,1 , * ) ( 3,0,0 , * ) ( 3,0,0 , * ) ( 3,0,0 , * ) ( 1,0,1 , * ) 
( 2,0,0 , * ) ( 2,0,0 , * ) ( 2,0,0 , * ) ( 4,0,0 , * ) ( 4,0,0 , * ) ( 4,0,0 , * ) ( 2,0,0 , * ) 
( 2,0,1 , * ) ( 2,0,1 , * ) ( 2,0,1 , * ) ( 5,0,0 , * ) ( 5,0,0 , * ) ( 5,0,0 , * ) ( 2,0,1 , * ) 

58 NA N / A N / A N / A NA N / A N / A 
59 N / A N / A N / A N / A N / A N / A N / A 
60 NA N / A NA NA NA NA NA 

N / A NA N / A 
62 NA 
63 N / A NA N / A N / A 
NOTE : * UpPTS 

FIG . 13 CONTD . ( PRIOR ART ) 

Preamble format N76 
839 

139 
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zero correlation Zone Config 
0 
1 
2 
3 
4 

Nas Value 
Unrestricted set Restricted set 

0 
13 18 
15 22 

26 
32 22 

5 38 26 
32 
38 7 

8 68 
99 82 

100 
128 93 

202 
237 279 
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zeroCorrelationZoneConfig Nos value 
2 

1 
6 2 

3 8 

5 12 
6 
7 
8 

NA 
N / A 
NA 

NA 

13 N / A 
N / A 
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2 
Logical root 
SECURILE 
Humber 

( -23 

24-29 
30-35 
36-41 

52-63 
64-75 

90-115 

168-203 

204-263 

Physical root seequence pumden 
( in increasing order of the corresponding logical sequence number ) 

129 , 710 , 140 , 699 , 120 , 719 , 210 , 629 , 168 , 671 , 84 , 755 , 105 , 734 , 93 , 746 , 70 , 769 , 60 , 779 
2,837 , 1 , 838 
S6 , 783 , 112 , 727 , 148 , 691 
80 , 759 , 42 , 797 , 40 , 799 
35,804 , 73 , 760 , 146 , 693 
31 , 808 , 28 , $ 11,30 , 809 , 27,812 , 29 , 810 
24 , 815 , 48 , 791,68,771 , 74 , 765 , 178 , 661 , 136 , 703 
86 , 753 , 78 , 761 , 43 , 796 , 39 , 800 , 20,819 , 21 , 818 
95 , 744 , 202 , 637 , 190 , 649 , 181 , 658 , 137 , 702 , 125 , 714 , 151 , 688 
217 , 622 , 128,711 , 142 , 697 , 122,717 , 203 , 636 , 118,721 , 110 , 729 , 89 , 750 , 103 , 736 , 61 , 
778 , 55 , 784 , 15 , 824 , 14 , 825 
12. 827 , 23 , 816 , 34 , 805 , 37 , 802 , 46 , 793 , 207 , 632 , 179 , 660 , 145 , 694 , 130 , 709 , 223 , 616 
228 , 611 , 227 , 612 , 132 , 707 , 133 , 706 , 143 , 696 , 135 , 704 , 161 , 678 , 201 , 638 , 173 , 606 , 106 , 
733 , 83 , 756 , 91 , 748 , 66 , 773 , 53 , 786 , 10 , 829 , 9 , 830 
7,832 , 8 , 831 , 16.823 . 47 , 792 , 64. 775 , 57 , 782 , 104 , 735 , 101 , 738 , 108,731 , 208 , 631 , 184 , 
655 , 197 , 642 , 191 , 648 , 121,718 , 141 , 698 , 149 , 190 , 216 , 623 , 218 , 621 
152,687 , 144 , 695 , 134 , 705 , 138 , 701 , 199 , 640 , 162 , 677 , 176,663 , 119 , 720 , 158 , 681 , 164 , 
675 , 174 , 665 , 171,668 , 170 , 669 , 87 , 752 , 169 , 670 , 88 , 751 , 107 , 732 , 81 , 758 , 82 , 757 , 100 , 
739 , 98,741 , 71 , 768 , 59.780.65 , 774 , 50 , 789 , 49 , 790 , 26.813 , 17 , 822 , 13 , 826 , 6 , 833 
5,834 , 33 , 806 , 51 , 788 , 75 , 764 , 99 , 740 , 90 , 743 , 97 , 742 , 166 , 673 , 172 , 667 , 175 , 664 , 187 , 
652 , 163 , 676 , 185 , 654 , 200 , 639 , 114 , 725 , 189 , 650,115,724 , 194 , 145 , 195 , 644 , 192 , 647 , 
182 , 657 , 157 , 682 , 150 , 683,211,628 , 154 , 685 , 123 , 716 , 139 , 700,212 , 127 , 153 , 680,213 , 
626 , 215 , 624 , 150 , 689 
225 , 614 , 224 , 615 , 221 , 618 , 220 , 619 , 127 , 712 , 147 , 692 , 124 , 715 , 193 , 646 , 205 , 634 , 206 , 
633 , 116,723 , 160,679 , 186 , 653 , 167 , 672 , 79.760,85 , 754 , 77 , 762.92 , 747 , 58 , 781 , 62 , 
777 , 69 , 770 , 54 , 785 , 36 , 803 , 32 , 807 , 25,814 , 18,821 , 11,828 , 4,835 
3,836 , 19 , 820 , 22,817 , 41 , 798,38,801.44 , 795 , 52.787 , 45,794 , 63 , 776 , 67 , 772 , 72 
767 , 76 , 763 , 94 , 745 , 102 , 737.90 , 749 , 109 , 730 , 165 , 674 , 111,728 , 209 , 630 , 204 , 635 , 
117 , 722 , 188,651 , 159 , 680 , 198 , 641 , 113 , 726 , 183 , 656 , 180 , 659 , 177,602 , 196 , 643 , 155 , 
684 , 214 , 625 , 126 , 713 , 131 , 708 , 219 , 620 , 222 , 617 , 226 , 613 
230 , 609 , 232 , 607 , 262 , 577 , 252 , 587 , 418 , 421 , 416 , 423 , 413 , 426,411 , 428 , 376 , 463 , 395 , 
444,283 , 556 , 285 , 554,379 , 460 , 390 , 449 , 363 , 476 , 384 , 455 , 388 , 451 , 386 , 453 , 361 , 478 , 
387.452.360.479.310.529.354.485 . 328. 511. 315. 524. 337. 502 , 349 , 490 , 335 , 504. 324 , 
515 
323 , 316 , 320 , 519,334 , 305 , 359 , 480 , 295 , 544 , 385 , 454 , 292 , 547 , 291 , 548 , 381,458 , 399 , 
440 , 380 , 459 , 397 , 442 , 369 , 470 , 377 , 462 , 410 , 429 , 407 , 432 , 281,558 , 414 , 425 , 247 , 592 , 
277 , 562 , 271 , 568 , 272,567 , 264 , 575 , 259 , 580 

264-327 

328-383 

384-55 

456-513 
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659 

237 , 602.239 . 600 , 244. 595 , 243 , 596,275.564.278 , 561,250.589 . 246 , 593 , 417 , 422 , 248 , 591 , 
394 , 445 , 393 , 446 , 370 , 469,365 , 474 , 300,539 , 299 , 540 , 364 , 475 , 362,477 , 298 , 541,312 , 527 , 
313 , 526 , 314 , 525 , 353 , 486 , 352 , 487 , 343 , 496 , 327 , 512 , 350 , 489 , 326 , 513,319,520 , 332 , 507 , 
333 , 506 , 348 , 491 , 347 , 492. 322.517 

630. 330 , 509 , 338 , 501 , 341.498 , 340,499 , 342 , 497 , 301,538 , 366 , 473 , 401,438 , 371 , 468 , 408,431 , 
375 , 464 , 249 , 590 , 269 , 570,238 , 601,234 , 605 
257 , 582 , 273 , 566,255 , 584,254 , 585 , 245 , 594 , 251,588 , 412,427 , 372 , 367 , 282,557 , 403,336 , 600 396 , 443 , 392 , 447,391 , 448 , 382 , 457,389 , 450 , 294 , 545 , 297 , 542,311 , 528 , 344 , 495 , 345 , 494 , 
318 , 521 , 331 , 508 , 325 , 514 , 321,518 
346 , 493 , 339 , 300 , 351 , 488 , 306 , 533 , 289 , 550 , 400 , 439 , 378 , 461 , 374 , 465 , 415 , 424 , 270 , 569 , 

729 241. 598 
730- 231,608 , 260 , 579 , 268 , 571 , 276 , 563 , 409,430 , 398 , 441 , 290 , 549 , 304 , 535 , 308,531 , 358 , 481 . 

316 , 523 
752 293 , 546 , 288 , 551 , 284 , 555 , 368 , 471,253 , 586 , 256 , 583 , 263 , 576 765 
766 242 , 597 , 274 , 565 , 402 , 437 , 383,456 , 357 , 482 , 329 , 510 

317.522 , 307,532 , 286.553 . 287.552 , 266 , 573 , 261,578 789 

236 , 603 , 303 , 536 , 356 , 483 
796 355 , 484 , 405 , 434 , 404 , 435 , 406 , 433 

235 , 604 , 267 , 572 , 302 , 537 804 
809 
810 309 , 530 , 265.574 , 233 , 606 

367 , 472 , 296 , 543 
820 
837 336 , 503 , 305 , 534 , 373,466 , 280 , 559 , 279 , 560 , 419 , 420 , 240 , 599 , 258 , 581,229 , 610 
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Logical root 

haber 

20 - 39 

( in increasing order of the enrresponding logical sequence number ) 
2137 3136 4 135 S 134 6 133 7132 8131 9 130 10 129 

11 128 12 127 13 126 14 125 15124 16 123 17 122 18 121 19 120 120 119 
21118 22111723 116 24 115 125 114126 11327111228 | 111 | 29 110 30 109 
31108 32 107 33 106 34 105 35 104 36 103 37 102 38 1011 39 100 40 

98 42 97 43 96 44 94 46 92 148 91 49 
88 52 87 53 85 155 8357 82 58 81 59 80 60 79 
78 62 72 168 71 69 

60-79 
80 - 09 

138-837 

FIG . 18 ( PRIOR ART ) 

Preemable format ST 
0-3 1250 Hz 7 

4 2 

FIG . 19 ( PRIOR ART ) 

Physical channel VuduatioB Bienes 

PBCH OPSK 
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Frame offset , slot and symbol number triplets ( 1,11.1 ' ) 
Extended cyclie prefix 

0 ( 1,18,3 ) , ( 1,19,0 ) , ( 1,19,4 ) , ( 0,0,4 ) ( 1,18,3 ) , ( 1,19,0 ) , ( 1,19,5 ) 
1 ( 1,18,4 ) , ( 1,19,1 ) . ( 1,19,5 ) , ( 0,1,4 ) ( 1,18,4 ) , ( 1,19,1 ) . ( 0,0,3 ) 
2 ( 1,18,5 ) , ( 1,19,2 ) , ( 1,19,6 ) , ( 0,1,5 ) ( 1,18,5 ) , ( 1,19,2 ) , ( 0,1,4 ) 
3 ( 1,18,6 ) , ( 1,19,3 ) , ( 0,0,3 ) , ( 0.1,6 ) ( 1,19,3 ) , ( 1,19,4 ) , ( 0,1,5 ) 

FIG . 21 ( PRIOR ART ) 

Slot and symbol number pairs in 
Normal evelie prefix Extended cyclic prefix 

0 ( 0,3 ) , ( 1,4 ) , ( 10,3 ) , ( 11,0 ) , ( 11,4 ) ( 0,3 ) , ( 10,3 ) , ( 11,0 ) 
1 ( 0,4 ) , ( 1,5 ) , ( 10,4 ) , ( 11,1 ) , ( 11,5 ) ( 0,4 ) , ( 10,4 ) , ( 11,1 ) 
2 ( 0,5 ) , ( 10,5 ) , ( 11.2 ) ( 0,5 ) , ( 10,5 ) , ( 11.2 ) 
3 ( 0,6 ) , ( 10,6 ) , ( 113 ) ( 1,4 ) , ( 11,3 ) , ( 11.4 ) 
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an , lys ... , la 

CRC attachment 

Co . , ... , CK - 1 

Channel coding 

2 

Rate matching 

logo CE 

FIG . 23 ( PRIOR ART ) 

{ 12 , 14 , 16,20 , 24 , 26 , 32 , 40 , 44 , 56 ) 
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Number 

4 For UEs configured by higher layers with codebooksizeDetermination - r13 = 0 ) , 
the 4 - bit DAI further consists of a 2 - bit counter DAI and a 2 - bit total DAI , 

Counter DAI.2 bits as defined in section 7.3 of [ 3 ] 
Total DAI – 2 bits as defined in section 7.3 of [ 3 ] 

2 For UEs configured with no more than five DL cells , or for UEs configured by 
higher layers with codebooksize Determination - r13 = 1 , this field is present for 
FDD or TDD operation , for cases with TDD primary cell . 
If the UL / DL configuration of all TDD serving cells is same and the UE is not 
configured to decode PDCCH with CRC scrambled by einta - RNTI , then this 
field only applies to serving cell with UL / DL configuration 1-6 
If at least two TDD serving cells have different UL / DL configurations or the UE 
is configured to decode PDCCH with CRC scrambled by eimia - RNTI , then this 
field applies to a serving cell with DL - reference UL / DL configuration 1-6 as 
defined in section 10.2 of 31 
For UEs configured with no more than five DL cells , or for UEs configured by 
higher layers with codebooksizeDetermination - r13 1 , this field is not present 
for FDD or TDD operation , for cases with FDD primary cell . 
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IDD UL / DL configuration Maximum number of HARQ processes 
0 

7 

10 

3 9 

6 6 

FIG . 26 ( PRIOR ART ) 

Borrar Transmission scheme of PDSCHI corresponding to PDOCH Search 
Space 

DCI format Common If the number of PBCH antenna ports is one , Single - antenna port , port 
O is used ( see subclause 7.1.1 ) , otherwise Transmit diversity ( see 
subclause 7.1.2 ) . 

DCI format Compoul If the number of PBCH antenna ports is one , Single - antenna port , port 
O is used ( see subclause 7.1.1 ) , otherwise Transmit diversity ( see 
subclause 7.12 ) . 
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Do format Search 
Space 

Transmission scheme of PDSCH corresponding to PDCCH 

DCi format Common If the nunber of PBCH antenna ports is one , Single - antenna port , port 0 
is used ( see subclause 71.1 ) , otherwise Transmit diversity ( see 
subclause 7.1.2 ) 

DCI format Common If the number of PBCH antenna ports is one , Single - antenna port , port 0 
is used ( see subclause 7.1.1 ) , otherwise Transmit diversity ( see 
subclause 7.1.2 ) 

FIG . 28 ( PRIOR ART ) 

De format Search Transmission scheme of PDSCH corresponding to PDCCHI " 
DCI format Common If the number of PBCH antenna ports is one , Single - antenna port , port 

O is used ( see subclause 7.1.1 ) , otherwise Transmit diversity ( see 
subclause 7.1.2 ) 

DCI format Common If the number of PBCH antenna ports is one , Single - antenna port , port 
O is used ( see subclause 7.1.1 ) , otherwise Transmit diversity ( see 
subclause 7.1.2 
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DO format Transmission scheme of PDSCH corresponding to PDCCH Search 
Space 

DCI format Conino If the mumber of PBCH antenna ports is one , Single - antenna port , porto 
is used ( see subclause 7.1.1 ) , otherwise Transmit diversity ( see subclause 
7.1.2 ) . 

DCI format Commo If the number of PBCH antenna ports is one , Single - antenna port , port 0 
is used ( see subclause 7.1.1 ) , otherwise Transmit diversity ( sce subclause 
7.1.2 ) . 
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Fransi Sion mode Search Space Transinission schenre of FDSCH 
corresponding to PDCCH format 

Common and 
Single - antenna port , port 0 ( see subclause 
7.11 ) format 1A UE specific by C 

RNTI 

UE specific by C 
RNT 

Single - antenna port , port 0 ( see subclause 
format 1 

Cominon and 

Transmit diversity ( see subclause 7.1.2 ) forniat IA UE specific by C 
RNTI 

UE specific by C 
RNTI Transmit diversity ( see subclause 7.1.2 ) format 1 

Cominon and 

Transmit diversity ( see subclause 7.1.2 ) forniat IA UE specific by C 
RNTI Mode 3 

UE specific by C 
RNTI 

Large delay CDD ( see subclause 7.1.3 ) or 
Transinit diversity ( see subclause 7.1.2 ) foripat 2A 

Conuon and 

Transmit diversity ( see subclause 7.1.2 ) forniat IA UE specific by C 
RNTI 

UE specific by C 
RNTI 

Closed - loop spatial multiplexing ( see 
subclause 7.1.4 ) or Trans?nit diversity ( see 
subclause 7.1.2 ) format 2 

Conuon and 
Transmit diversity ( see subclause 7,12 ) format IA UE specific by C 

RNTI 

UE specific by C 
RNTI Multi - user MIMO ( see subclause 7.1.5 ) format ID 
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Common and 
DCI 
format IA Transmit diversity ( see subclause 7.1.2 ) UE specific by C 

RNTI 

DCI 
forinat IB 

UE specific by C 
RNTI 

Closed - loop spatial multiplexing ( see 
subclause 7.1.4 ) using a single 
transmission layer 

Common and 

UE specific by C 

If the number of PBCH antenna ports is 
one , Single - antenna port , port 0 is used 
( see subclause 7.1.1 ) , otherwise Transinit 
diversity ( see subclause 7.1.2 ) Mode 7 

DCI 
format 1 

UE specific by C 
RNTI 

Single - antenna port , port 5 ( see subclause 
7.1.1 ) 

DCI 
format 1A 

Common and 
UE specific by C 
RNTI 

If the number of PBCH antenna ports is 
one , Single - antenna port , port 0 is used 
( see subclause 7.1.1 ) , otherwise Transmit 
diversity ( see subclause 7.1.2 ) 

UE specific by C Dual layer transinission , port 7 and 8 ( see 
subclause 7.1.5A ) or single - antenna port , 
port 7 or 8 ( see subclause 7.11 ) format 2B 

FIG . 31 CONT'D . ( PRIOR ART ) 
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Noo - MBSEN subframe : If the number 
of PBCH antenna ports is one . Single 
antenia port , port 0 is used ( see 
subclause 7.1.1 ) , otherwise Transmit 
diversity ( see subclause 7.1.2 ) 

Common and UE 
specific by C - RNTI format 1A 

MBSFN subfraine : Single - antenna 
port , port 7 ( see subclause 7.1.1 ) 

UE specific by C 
RNTI 

Up to 8 layer transmission , ports 7-14 ( see 
subclause 7.1.5B ) or single - antenna port , 
port 7 , 8 , 11 , or 13 ( see subclause 7.1.1 ) if 
UE is configured with higher layer 
paraineter dmrs - iableAli , single - antenna 
port , port ? or 8 ( see subclause 71.1 ) 
otherwise 

format 2c 

Non - MBSFN subtirane : If the number 
of PBCH antenna ports is one , Single 
anteona port , port 0 is used ( see 
subclause 7.1.1 ) , otherwise Transmit 
diversity ( see subclause 71.2 ) 

DCI 
format IA 

Cominon and UE 
specific by C - RNTI 

MBSFN subframe : Single - antenna 
port , port 7 ( see subclause 7.1.1 ) 

DCI 
forniat 2D 

UE specific by C 
RNTI 

Up to 8 layer transmission , ports 7-14 ( see subclause 
7.1.5B ) or single - antenna port , port 7 , 8 , 11 , or 13 
( see subclause 7.1.1 ) if UE is configured with higher 
layer parameter dmrs - table4lt , single - antenna port , 
port 7 or 8 ( see subclause 7.1.1 ) otherwise 
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DO 
format Search Space Transmission scheme of PDSCH corresponding to PDCCH 

Comuon and 
DCI UE specific 
format 1A by Temporary 

C - RNTI 

If the number of PBCH antenna port is one , Single - antenna port , 
port O is used ( see subclause 7.1.1 ) , otherwise Transmit diversity 
( see subclause 7.1.2 ) 

UE specific 
by Temporary 
C - RNTI 

If the number of PBCH antenna port is one , Single - antenna port , 
port 0 is used ( see subclause 7.1.1 ) , otherwise Transmit diversity 
( see subclause 7.1.2 
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Number of 
PDSCH 

repetitions BR - 3 

N / A 

1 

2 8 

3 

8 

4 

8 

8 

8 

16 

8 

Reserved 
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System Bandwidth RBG Size 

11-26 2 

27 - 63 3 

64 - 110 

FIG . 34 ( PRIOR ART ) 

System BW ( NR KO R3 PL 
6-49 2 
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Number of ISRO OTOCESSES Number of HARO processes 
IDD UL / DL configuration 

for Bormal HARO operation for subframe bundling operation 
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METHOD AND APPARATUS FOR FIG . 7 is a reproduction of Table 6.12-1 from 3GPP TR 
DETERMINING NUMEROLOGY 36.211 V13.1.0 providing Orthogonal Frequency Division 
BANDWIDTH IN A WIRELESS Multiplexing ( OFDM ) parameters . 
COMMUNICATION SYSTEM FIG . 8 is a reproduction of FIG . 6.13-1 from 3GPP TR 

5 36.211 V13.1.0 illustrating downlink modulation . 
CROSS - REFERENCE TO RELATED FIG . 9 is a reproduction of FIG . 5.7.1-1 from 3GPP TR 

APPLICATIONS 36.211 V13.1.0 illustrating a random access preamble for 
mat . 

The present Application claims the benefit of U.S. Pro FIG . 10 is a reproduction of Table 5.7.1-1 from 3GPP TR 
visional Patent Application Ser . No. 62 / 374,354 filed on 10 36.211 V13.1.0 providing random access preamble param 

eters . Aug. 12 , 2016 , the entire disclosure of which is incorporated 
herein in its entirety by reference . FIG . 11 is a reproduction of Table 5.7.1-2 from 3 GPP TR 

36.211 V13.1.0 providing random access configurations for 
FIELD preamble formats 0-3 . 

FIG . 12 is a reproduction of Table 5.7.1-3 from 3GPP TR 
This disclosure generally relates to wireless communica 36.211 V13.1.0 providing frame structure type 2 random 

tion networks , and more particularly , to a method and access configurations for preamble formats ( -4 . 
apparatus for determining numerology bandwidth in a wire FIG . 13 is a reproduction of Table 5.7.1-4 from 3GPP TR 
less communication system . 36.211 V13.1.0 providing frame structure type 2 random 

20 access configurations for preamble formats 0-4 . 
BACKGROUND FIG . 14 is a reproduction of Table 5.7.2-1 from 3GPP TR 

36.211 V13.1.0 providing a random access sequence length . 
With the rapid rise in demand for communication of large FIG . 15 is a reproduction of Table 5.7.2-2 from 3GPP TR 

amounts of data to and from mobile communication devices , 36.211 V13.1.0 providing Ncs for preamble generation ( pre 
traditional mobile voice communication networks are evolv- 25 amble formats 0-3 ) . 
ing into networks that communicate with Internet Protocol FIG . 16 is a reproduction of Table 5.7.2-3 from 3GPP TR 
( IP ) data packets . Such IP data packet communication can 36.211 V13.1.0 providing Ncs for preamble generation ( pre 
provide users of mobile communication devices with voice amble format 4 ) . 
over IP , multimedia , multicast and on - demand communica FIG . 17 is a reproduction of Table 5.7.2-4 from 3GPP TR 
tion services . 30 36.211 V13.1.0 providing Root Zadoff - Chu sequence order 
An exemplary network structure is an Evolved Universal for preamble formats 0-3 . 

Terrestrial Radio Access Network ( E - UTRAN ) . The FIG . 18 is a reproduction of Table 5.7.2-5 from 3GPP TR 
E - UTRAN system can provide high data throughput in order 36.211 V13.1.0 providing Root Zadoff - Chu sequence order 
to realize the above - noted voice over IP and multimedia for preamble format 4 . 
services . A new radio technology for the next generation 35 FIG . 19 is a reproduction of Table 5.7.3-1 from 3GPP TR 
( e.g. , 5G ) is currently being discussed by the 3GPP standards 36.211 V13.1.0 providing random access baseband param 
organization . Accordingly , changes to the current body of eters . 
3GPP standard are currently being submitted and considered FIG . 20 is a reproduction of Table 6.6.2-1 from 3GPP TR 
to evolve and finalize the 3GPP standard . 36.211 V13.1.0 providing PBCH modulation schemes . 

FIG . 21 is a reproduction of Table 6.6.4-1 from 3GPP TR 
SUMMARY 36.211 V13.1.0 providing frame offset , slot and symbol 

number triplets for repetition of PBCH for frame structure 
Methods and apparatuses for determining numerology 

bandwidth in a wireless communication system are dis FIG . 22 is a reproduction of Table 6.6.4-2 from 3GPP TR 
closed herein . In one method , a user equipment receives 45 36.211 V13.1.0 providing slot and symbol number pairs for 
information for a numerology . The information comprises a repetition of PBCH for frame structure type 2 . 
frequency location and a bandwidth . The UE derives a FIG . 23 is a reproduction of FIG . 5.3.3-1 from 3GPP TS 
resource allocation for the numerology based on the fre 36.212 V13.1.0 illustrating the processing structure for one 
quency location and the bandwidth . DCI . 

FIG . 24 is a reproduction of Table 5.3.3.1.2-1 from 3GPP 
BRIEF DESCRIPTION OF THE DRAWINGS TS 36.212 V13.1.0 providing ambiguous sizes of informa 

tion bits . 
FIG . 1 shows a diagram of a wireless communication FIG . 25 is a reproduction of Table 5.3.3.1.2-2 from 3GPP 

system according to one exemplary embodiment . TS 36.212 V13.1.0 providing a number of bits for downlink 
FIG . 2 is a block diagram of a transmitter system ( also 55 assignment index . 

known as access network ) and a receiver system ( also FIG . 26 is a reproduction of Table 7-1 from 3GPP TS 
known as user equipment or UE ) according to one exem 36.213 V13.1.1 providing a maximum number of DL HARQ 
plary embodiment . processes for TDD . 

FIG . 3 is a functional block diagram of a communication FIG . 27 is a reproduction of Table 7.1-1 from 3GPP TS 
system according to one exemplary embodiment . 60 36.213 V13.1.1 providing PDCCH and PDSCH configured 
FIG . 4 is a functional block diagram of the program code by SI - RNTI . 

of FIG . 3 according to one exemplary embodiment . FIG . 28 is a reproduction of Table 7.1-2 from 3GPP TS 
FIG . 5 is a reproduction of FIG . 6.2.2-1 from 3GPP TR 36.213 V13.1.1 providing PDCCH and PDSCH configured 

36.211 V13.1.0 illustrating a downlink resource grid . by P - RNTI . 
FIG . 6 is a reproduction of Table 6.2.3-1 from 3GPP TR 65 FIG . 29 is a reproduction of Table 7.1-3 from 3GPP TS 

36.211 V13.1.0 providing physical resource block param 36.213 V13.1.1 providing PDCCH and PDSCH configured 
eters . by RA - RNTI . 
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FIG . 30 is a reproduction of Table 7.1-4 from 3GPP TS nal frequency division multiple access ( OFDMA ) , 3GPP 
36.213 V13.1.1 providing PDCCH and PDSCH configured LTE ( Long Term Evolution ) wireless access , 3GPP LTE - A 
by G - RNTI or SC - RNTI . or LTE - Advanced ( Long Term Evolution Advanced ) , 

FIG . 31 is a reproduction of Table 7.1-5 from 3GPP TS 3GPP2 UMB ( Ultra Mobile Broadband ) , WiMax , or some 
36.213 V13.1.1 providing PDCCH and PDSCH configured 5 other modulation techniques . 
by C - RNTI . In particular , the exemplary wireless communication sys 

FIG . 32 is a reproduction of Table 7.1-7 from 3GPP TS tems devices described below may be designed to support 
36.213 V13.1.1 providing PDCCH and PDSCH configured one or more standards such as the standard offered by a 
by Temporary C - RNTI . consortium named “ 3rd Generation Partnership Project ” 

FIG . 33 is a reproduction of Table 7.1.6-1 from 3GPP TS 10 referred to herein as 3GPP , including : RP - 150465 , “ New SI 
36.213 V13.1.1 providing number repetitions for PDSCH proposal : Study on Latency reduction techniques for LTE ” ; 
carrying SystemInformation BlockTypel - BR for BL / CE UE . TR 36.211 V13.1.0 , “ E - UTRA Study on latency reduction 
FIG . 34 is a reproduction of Table 7.1.6.1-1 from 3GPP techniques for LTE ( Release 13 ) ” ; TS 36.331 , V13.2.0 , 

TS 36.213 V13.1.1 providing Type O resource allocation " Evolved Universal Terrestrial Radio Access ( E - UTRA ) ; 
RBG size vs. Downlink System Bandwidth . 15 Radio Resource Control ( RRC ) ; Protocol specification ( Re 
FIG . 35 is a reproduction of Table 7.1.6.3-1 from 3GPP lease 13 ) ” ; TS 36.212 v13.1.0 , " Evolved Universal Terres 

TS 36.213 V13.1.1 providing NRbstep values vs. Downlink trial Radio Access ( E - UTRA ) ; Multiplexing and channel 
System Bandwidth . coding ( Release 13 ) ” ; and TS 36.213 v13.1.1 , “ E - UTRA 
FIG . 36 is a reproduction of Table 8-1 from 3GPP TS Physical layer procedures ( Release 13 ) ” . The standards and 

36.213 V13.1.1 providing a number of synchronous UL 20 documents listed above are hereby expressly incorporated 
HARQ processes for TDD . by reference in their entirety . 
FIG . 37 is a reproduction of Table 8-3 from 3GPP TS FIG . 1 shows a multiple access wireless communication 

36.213 V13.1.1 providing PDCCH and PUSCH configured system according to one embodiment of the invention . An 
by Temporary C - RNTI . access network 100 ( AN ) includes multiple antenna groups , 

FIG . 38 is a reproduction of Table 8-4 from 3GPP TS 25 one including 104 and 106 , another including 108 and 110 , 
36.213 V13.1.1 providing PDCCH configured as a “ PDCCH and an additional including 112 and 114. In FIG . 1 , only two 
order ” to initiate random access procedure . antennas are shown for each antenna group , however , more 
FIG . 39 is a reproduction of Table 8-6 from 3GPP TS or fewer antennas may be utilized for each antenna group . 

36.213 V13.1.1 providing PDCCH configured by Tempo Access terminal 116 ( AT ) is in communication with anten 
rary C - RNTI . 30 nas 112 and 114 , where antennas 112 and 114 transmit 

FIG . 40 is a reproduction of Table 8-7 from 3GPP TS information to access terminal 116 over forward link 120 
36.213 V13.1.1 providing PDCCH configured by TPC and receive information from access terminal 116 over 
PUCCH - RNTI . reverse link 118. Access terminal ( AT ) 122 is in communi 
FIG . 41 is a reproduction of Table 8-8 from 3GPP TS cation with antennas 106 and 108 , where antennas 106 and 

36.213 V13.1.1 providing PDCCH configured by TPC- 35 108 transmit information to access terminal ( AT ) 122 over 
PUSCH - RNTI . forward link 126 and receive information from access ter 
FIG . 42 is a reproduction of Table 8.1.3-1 from 3GPP TS minal ( AT ) 122 over reverse link 124. In a FDD system , 

36.213 V13.1.1 providing resource block ( s ) allocation for communication links 118 , 120 , 124 and 126 may use dif 
BL / CE UE configured with CEModeB . ferent frequency for communication . For example , forward 
FIG . 43 is a reproduction of Table 9.1.1-1 from 3GPP TS 40 link 120 may use a different frequency then that used by 

36.213 V13.1.1 providing PDCCH candidates monitored by reverse link 118 . 
a UE . Each group of antennas and / or the area in which they are 

FIG . 44 is a reproduction of Table 9.1.1-1A from 3GPP TS designed to communicate is often referred to as a sector of 
36.213 V13.1.1 providing PDCCH UE - specific search space the access network . In the embodiment , antenna groups each 
candidates monitored by a UE on LAA Scell . 45 are designed to communicate to access terminals in a sector 
FIG . 45 is a reproduction of Table 9.1.1-2 from 3GPP TS of the areas covered by access network 100 . 

36.213 V13.1.1 providing scaling factor for PDCCH candi In communication over forward links 120 and 126 , the 
dates reduction . transmitting antennas of access network 100 may utilize 
FIG . 46 illustrates one exemplary embodiment of adjust beamforming in order to improve the signal - to - noise ratio of 

ing bandwidth and frequency location for each numerology . 50 forward links for the different access terminals 116 and 122 . 
FIG . 47 illustrates on exemplary embodiment of the Also , an access network using beamforming to transmit to 

assumed bandwidth of a numerology and scheduling access terminals scattered randomly through its coverage 
resources of the UE on the numerology . causes less interference to access terminals in neighboring 
FIG . 48 is a flow diagram for one exemplary embodiment cells than an access network transmitting through a single 

from the perspective of a UE . 55 antenna to all its access terminals . 
FIG . 49 is a flow diagram for one exemplary embodiment An access network ( AN ) may be a fixed station or base 

from the perspective of a network . station used for communicating with the terminals and may 
also be referred to as an access point , a Node B , a base 

DETAILED DESCRIPTION station , an enhanced base station , an evolved Node B ( eNB ) , 
60 or some other terminology . An access terminal ( AT ) may 

The exemplary wireless communication systems and also be called user equipment ( UE ) , a wireless communi 
devices described below employ a wireless communication cation device , terminal , access terminal or some other ter 
system , supporting a broadcast service . Wireless communi minology . 
cation systems are widely deployed to provide various types FIG . 2 is a simplified block diagram of an embodiment of 
of communication such as voice , data , and so on . These 65 a transmitter system 210 ( also known as the access network ) 
systems may be based on code division multiple access and a receiver system 250 ( also known as access terminal 
( CDMA ) , time division multiple access ( TDMA ) , orthogo ( AT ) or user equipment ( UE ) in a MIMO system 200. At the 

Samsung Exhibit 1001, Page 43 of 69 
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc. 

IPR2024-01273



US 10,785,759 B2 
5 6 

transmitter system 210 , traffic data for a number of data and processed by a RX data processor 242 to extract the 
streams is provided from a data source 212 to a transmit reserve link message transmitted by the receiver system 250 . 
( TX ) data processor 214 . Processor 230 then determines which pre - coding matrix to 

In one embodiment , each data stream is transmitted over use for determining the beamforming weights then processes 
a respective transmit antenna . TX data processor 214 for- 5 the extracted message . 
mats , codes , and interleaves the traffic data for each data Turning to FIG . 3 , this figure shows an alternative sim stream based on a particular coding scheme selected for that plified functional block diagram of a communication device data stream to provide coded data . according to one embodiment of the invention . As shown in The coded data for each data stream may be multiplexed FIG . 3 , the communication device 300 in a wireless com with pilot data using OFDM techniques . The pilot data is 10 munication system can be utilized for realizing the UEs ( or typically a known data pattern that is processed in a known ATs ) 116 and 122 in FIG . 1 or the base station ( or AN ) 100 manner and may be used at the receiver system to estimate in FIG . 1 , and the wireless communications system is the channel response . The multiplexed pilot and coded data 
for each data stream is then modulated ( i.e. , symbol mapped ) preferably the LTE system . The communication device 300 
based on a particular modulation scheme ( e.g. , BPSK , 15 may include an input device 302 , an output device 304 , a 
QPSK , M - PSK , or M - QAM ) selected for that data stream to control circuit 306 , a central processing unit ( CPU ) 308 , a 
provide modulation symbols . The data rate , coding , and memory 310 , a program code 312 , and a transceiver 314 . 
modulation for each data stream may be determined by The control circuit 306 executes the program code 312 in the 
instructions performed by processor 230 . memory 310 through the CPU 308 , thereby controlling an 

The modulation symbols for all data streams are then 20 operation of the communications device 300. The commu 
provided to a TX MIMO processor 220 , which may further nications device 300 can receive signals input by a user 
process the modulation symbols ( e.g. , for OFDM ) . TX through the input device 302 , such as a keyboard or keypad , 
MIMO processor 220 then provides Nz modulation symbol and can output images and sounds through the output device 
streams to N , transmitters ( TMTR ) 222a through 222t . In 304 , such as a monitor or speakers . The transceiver 314 is 
certain embodiments , TX MIMO processor 220 applies 25 used to receive and transmit wireless signals , delivering 
beamforming weights to the symbols of the data streams and received signals to the control circuit 306 , and outputting 
to the antenna from which the symbol is being transmitted . signals generated by the control circuit 306 wirelessly . The 

Each transmitter 222 receives and processes a respective communication device 300 in a wireless communication 
symbol stream to provide one or more analog signals , and system can also be utilized for realizing the AN 100 in FIG . 
further conditions ( e.g. , amplifies , filters , and upconverts ) 30 1 . 
the analog signals to provide a modulated signal suitable for FIG . 4 is a simplified block diagram of the program code 
transmission over the MIMO channel . N modulated signals 312 shown in FIG . 3 in accordance with one embodiment of 
from transmitters 222a through 222t are then transmitted the invention . In this embodiment , the program code 312 
from N , antennas 224a through 224t , respectively . includes an application layer 400 , a Layer 3 portion 402 , and 

At receiver system 250 , the transmitted modulated signals 35 a Layer 2 portion 404 , and is coupled to a Layer 1 portion 
are received by NR antennas 252a through 252r and the 406. The Layer 3 portion 402 generally performs radio 
received signal from each antenna 252 is provided to a resource control . The Layer 2 portion 404 generally per 
respective receiver ( RCVR ) 254a through 254r . Each forms link control . The Layer 1 portion 406 generally 
receiver 254 conditions ( e.g. , filters , amplifies , and down performs physical connections . 
converts ) a respective received signal , digitizes the condi- 40 Packet data latency is one of the important metrics for 
tioned signal to provide samples , and further processes the performance evaluation . Reducing packet data latency 
samples to provide a corresponding “ received ” symbol improves the system performance . In 3GPP RP - 150465 , the 
stream . study item aims to investigate and standardize some tech 
An RX data processor 260 then receives and processes the niques of latency reduction . 

NR received symbol streams from NR receivers 254 based on 45 According to 3GPP RP - 150465 , the objective is to study 
a particular receiver processing technique to provide N , enhancements to the E - UTRAN radio system in order to 
“ detected ” symbol streams . The RX data processor 260 then significantly reduce the packet data latency over the LTE Uu 
demodulates , deinterleaves , and decodes each detected sym air interface for an active UE and significantly reduce the 
bol stream to recover the traffic data for the data stream . The packet data transport round trip latency for UEs that have 
processing by RX data processor 260 is complementary to 50 been inactive for a longer period ( in connected state ) . The 
that performed by TX MIMO processor 220 and TX data study area includes resource efficiency , including air inter 
processor 214 at transmitter system 210 . face capacity , battery lifetime , control channel resources , 
A processor 270 periodically determines which pre - cod specification impact and technical feasibility . Both Fre 

ing matrix to use ( discussed below ) . Processor 270 formu quency Division Duplex ( FDD ) and Time Division Duplex 
lates a reverse link message comprising a matrix index 55 ( TDD ) modes are considered . 
portion and a rank value portion . According to 3GPP RP - 150465 , the two areas studied and 

The reverse link message may comprise various types of documented are as follows : 
information regarding the communication link and / or the Fast uplink access solutions 
received data stream . The reverse link message is then For active UEs and UEs that have been inactive a long 
processed by a TX data processor 238 , which also receives 60 time , but are kept in Radio Resource Control ( RRC ) 
traffic data for a number of data streams from a data source Connected , the focus should be on reducing user plane 
236 , modulated by a modulator 280 , conditioned by trans latency for the scheduled Uplink ( UL ) transmission and 
mitters 254a through 254r , and transmitted back to trans getting a more resource efficient solution with protocol 
mitter system 210 . and signaling enhancements , compared to the pre 

At transmitter system 210 , the modulated signals from 65 scheduling solutions allowed by the standard today , 
receiver system 250 are received by antennas 224 , condi both with and without preserving the current Transmis 
tioned by receivers 222 , demodulated by a demodulator 240 , sion Time Interval ( TTI ) length and processing times 
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TTI shortening and reduced processing times For frame structure type 3 , MBSFN configuration shall 
Assess specification impact and study feasibility and per not be applied to downlink subframes in which at least one 
formance of TTI lengths between 0.5 ms and one Orthogo OFDM symbol is not occupied or discovery signal is trans 
nal Frequency Division Multiplexing ( OFDM ) symbol , tak mitted . 
ing into account impact on reference signals and physical 5 Unless otherwise specified , transmission in each down 
layer control signaling link subframe shall use the same cyclic prefix length as used 
TTI shortening and processing time reduction can be for downlink subframe # 0 . 

considered as an effective solution for reducing latency as 6.1.1 Physical Channels 
the time unit for transmission can be reduced , for example , A downlink physical channel corresponds to a set of 
from 1 ms ( 14 OFDM ) symbol to 1-7 OFDM symbols and 10 resource elements carrying information originating from 
the delay caused by decoding can be reduced as well . higher layers and is the interface defined between 3GPP TS 
Another benefit of shortening TTI length is to support a finer 36.212 and the present document 3GPP TS 36.211 . 
granularity of transport block ( TB ) size so that unnecessary The following downlink physical channels are defined : 
padding can be reduced . On the other hand , reducing the Physical Downlink Shared Channel , PDSCH 
length of TTI may also have significant impact to current 15 Physical Broadcast Channel , PBCH 
system design as the physical channels are developed based Physical Multicast Channel , PMCH 
on a 1 ms structure . A shortened TTI is also called an sTTI . Physical Control Format Indicator Channel , PCFICH 
3GPP RP - 150465 discloses a frame structure used in New Physical Downlink Control Channel , PDCCH 

RAT ( NR ) for 5G that accommodates various types of Physical Hybrid ARQ Indicator Channel , PHICH 
requirements for time and frequency resource such as , for 20 Enhanced Physical Downlink Control Channel , EPDCCH 
example , ultra - low latency ( ~ 0.5 ms ) to delay - tolerant traffic MTC Physical Downlink Control Channel , MPDCCH 
for machine - type communication ( MTC ) , high peak rate for 6.1.2 Physical Signals 
enhanced mobile broadband ( eMBB ) to very low data rate A downlink physical signal corresponds to a set of 
for MTC . An important focus of this study is low latency resource elements used by the physical layer but does not 
aspect , e.g. short TTI , while another aspect of mixing / 25 carry information originating from higher layers . The fol 
adapting different TTIs is also considered in the study . In lowing downlink physical signals are defined : 
addition to diverse services and requirements , forward com Reference signal 
patibility is an important consideration in initial NR frame Synchronization signal 
structure design as not all features of NR would be included Discovery signal 
in the beginning phase / release . 30 6.2 Slot Structure and Physical Resource Elements 

Reducing latency of a protocol is an important improve 6.2.1 Resource Grid 
ment between the different generations / releases . This can The transmitted signal in each slot is described by one or 
improve efficiency and meet new application requirements several resource grids of NRB DIN . subcarriers and 
such as real - time service . One method adopted to reduce OFDM symbols . The resource grid structure is 
latency is to reduce the length of TTIs , from 10 ms in 36 to 35 illustrated in FIG . 6.2.2-1 . The quantity NRBDL depends on 
1 ms in LTE . In the context of LTE - A Pro in REI - 14 , SI / WI the downlink transmission bandwidth configured in the cell 
was proposed to reduce the TTI to sub - ms level ( e.g. , 0.1-0.5 and shall fulfil 
ms ) by reducing the number of OFDM symbols within a TTI 
without changing any existing LTE numerology ( i.e. , there 
is only one numerology in LTE ) . This improvement can be 40 where NRBDL = 6 and N , max , DL = 110 are the smallest and 
used to solve the TCP slow start issue , extremely low but largest downlink bandwidths , respectively , supported by the 
frequent traffic , or to meet foreseen ultra - low latency in NR current version of this specification . 
to some extent . Processing time reduction is another con The set of allowed values for NR is given by 3GPP TS 
sideration to reduce the latency . The study has not yet 36.104 . The number of OFDM symbols in a slot depends on 
concluded that whether short TTI and short processing time 45 the cyclic prefix length and subcarrier spacing configured 
always come together . The study suffers from some limita and is given in FIG . 6 ( a reproduction of Table 6.2.3-1 from 
tion , as the method adopted should preserve backward 3GPP TR 36.211 V13.1.0 ) . 
compatibility , e.g. the existence of legacy control region . As An antenna port is defined such that the channel over 
disclosed in 3GPP TR 36.211 V13.1.0 , a brief description of which a symbol on the antenna port is conveyed can be 
LTE numerology is quoted as follows : 50 inferred from the channel over which another symbol on the 
6 Downlink same antenna port is conveyed . For MBSFN reference 
6.1 Overview signals , positioning reference signals , UE - specific reference 
The smallest time - frequency unit for downlink transmis signals associated with PDSCH and demodulation reference 

sion is denoted a resource element and is defined in clause signals associated with EPDCCH , there are limits given 
6.2.2 . 55 below within which the channel can be inferred from one 
A subset of the downlink subframes in a radio frame on symbol to another symbol on the same antenna port . There 

a carrier supporting PDSCH transmission can be configured is one resource grid per antenna port . The set of antenna 
as MBSFN subframes by higher layers . Each MBSFN ports supported depends on the reference signal configura 
subframe is divided into a non - MBSFN region and an tion in the cell : 
MBSFN region . Cell - specific reference signals support a configuration of 

The non - MBSFN region spans the first one or two OFDM one , two , or four antenna ports and are transmitted on 
symbols in an MBSFN subframe where the length of antenna ports p = 0 , PE { 0 , 1 } , and pe { 0 , 1 , 2 , 3 } , 
the non - MBSFN region is given according to Sub respectively . 
clause 6.7 . MBSFN reference signals are transmitted on antenna port 

The MBSFN region in an MBSFN subframe is defined as 65 p = 4 . The channel over which a symbol on antenna port 
the OFDM symbols not used for the non - MBSFN p = 4 is conveyed can be inferred from the channel over 
region . which another symbol on the same antenna port is 
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conveyed only if the two symbols correspond to sub A physical resource - block pair is defined as the two 
frames of the same MBSFN area . physical resource blocks in one subframe having the same 

UE - specific reference signals associated with PDSCH are physical resource - block number npRB . 
transmitted on antenna port ( s ) p = 5 , p = 7 , p = 8 , or one or A virtual resource block is of the same size as a physical 
several of pe { 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 } . The channel resource block . Two types of virtual resource blocks are over which a symbol on one of these antenna ports is defined : 
conveyed can be inferred from the channel over which Virtual resource blocks of localized type another symbol on the same antenna port is conveyed Virtual resource blocks of distributed type only if the two symbols are within the same subframe 
and in the same PRG when PRB bundling is used or in For each type of virtual resource blocks , a pair of virtual 
the same PRB pair when PRB bundling is not used . 10 resource blocks over two slots in a subframe is assigned 

Demodulation reference signals associated with EPD together by a single virtual resource block number , NYRB : 
CCH are transmitted on one or several of pE { 107 , 108 , 
109 , 110 } . The channel over which a symbol on one of 6.12 OFDM Baseband Signal Generation 
these antenna ports is conveyed can be inferred from The time - continuous signal s , P ) ( t ) on antenna port p in 
the channel over which another symbol on the same 15 OFDM symbol 1 in a downlink slot is defined by 
antenna port is conveyed only if the two symbols are in 
the same PRB pair . 

Positioning reference signals are transmitted on antenna alp ) .j2K - Af ( t - NCP , ( Ts ) + port p = 6 . The channel over which a symbol on antenna SP ( 1 ) = 
port p = 6 is conveyed can be inferred from the channel 20 k = -INRENRB / 2 ] 
over which another symbol on the same antenna port is IN RENRB / 27 conveyed only within one positioning reference signal ej2tk - Af ( 1 - NCP , 475 ) occasion consisting of NPrs consecutive downlink sub 
frames , where NPRS is configured by higher layers . 

CSI reference signals support a configuration of one , two , 25 
four , eight , twelve , or sixteen antenna ports and are for Ost < ( NCP , { + N ) xT , where k- = k + [ NRBPLN RB / 2 ] and 
transmitted on antenna ports p = 15 , p = 15 , 16 , p = 15 , .. k ( + ) = k + [ NRBDINSCRB / 2 ) -1 . The variable N equals 2048 for 

18 , p = 15 , . 22 , p = 15 , ... , 26 and p = 15 , . Af = 15 kHz subcarrier spacing and 4096 for Af = 7.5 kHz 
30 , respectively . subcarrier spacing . The OFDM symbols in a slot shall be 

Two antenna ports are said to be quasi co - located if the 30 transmitted in increasing order of 1 , starting with 1 = 0 , where 
large - scale properties of the channel over which a symbol on OFDM symbol 1 > 0 starts at time 24-6- ( NCP , z1 + N ) T , within 
one antenna port is conveyed can be inferred from the the slot . In case the first OFDM symbol ( s ) in a slot use 
channel over which a symbol on the other antenna port is normal cyclic prefix and the remaining OFDM symbols use 
conveyed . The large - scale properties include one or more of extended cyclic prefix , the starting position the OFDM 
delay spread , Doppler spread , Doppler shift , average gain , 35 symbols with extended cyclic prefix shall be identical to 
and average delay . those in a slot where all OFDM symbols use extended cyclic 
6.2.2 Resource Elements prefix . Thus there will be a part of the time slot between the 
Each element in the resource grid for antenna port p is two cyclic prefix regions where the transmitted signal is not 

called a resource element and is uniquely identified by the specified 
index pair ( k , l ) in a slot where k = 0 , ... , N , DIN , RB - 1 and 40 FIG . 7 ( a reproduction of Table 6.12-1 from 3GPP TR 
1 = 0 , ... , N symb -1 are the indices in the frequency and 36.211 V13.1.0 ) lists the value of NCP , that shall be used . 
time domains , respectively . Resource element ( k , l ) on Note that different OFDM symbols within a slot in some 
antenna port p corresponds to the complex value ak , ) . cases have different cyclic prefix lengths . 
When there is no risk for confusion , or no particular 6.13 Modulation and Upconversion 

antenna port is specified , the index p may be dropped . Modulation and upconversion to the carrier frequency of 
6.2.3 Resource Blocks the complex - valued OFDM baseband signal for each 

Resource blocks are used to describe the mapping of antenna port is shown in FIG . 6.13-1 . The filtering required 
certain physical channels to resource elements . Physical and prior to transmission is defined by the requirements in 3GPP 
virtual resource blocks are defined . TS 36.104 . 
A physical resource block is defined as N In LTE , there is only one downlink ( DL ) numerology 

tive OFDM symbols in the time domain and N. defined for initial access , which is 15 KHz subcarrier 
tive subcarriers in the frequency domain , where N and spacing and the signal and channel to be acquired during 
N. are given by FIG . 6 ( a reproduction of Table 6.2.3-1 initial access is based on 15 KHz numerology . To access a 
from 3GPP TR 36.211 V13.1.0 ) . A physical resource block cell , the UE may need to acquire some fundamental infor 
thus consists of N XN resource elements , corre- 55 mation . For example , the UE first acquires time / frequency 
sponding to one slot in the time domain and 180 kHz in the synchronization of cell , which is done during cell search or 
frequency domain . cell selection / reselection . The time / frequency synchroniza 

Physical resource blocks are numbered from 0 to tion can be obtained by receiving a synchronization signal , 
NRBPL - 1 in the frequency domain . The relation between the such as a primary synchronization signal ( PSS ) or a sec 
physical resource block number npro in the frequency 60 ondary synchronization signal ( SSS ) . During synchroniza 
domain and resource elements ( k , l ) in a slot is given by tion , the center frequency of a cell is known , and the 

subframe / frame boundary is obtained . When PSS or SSS are 
acquired , the Cyclic prefix ( CP ) of the cell ( e.g. , normal CP 
or extended CP ) and the duplex mode of the cell ( e.g. FDD 

65 or TDD ) can be obtained . When the master information 
block ( MIB ) carried on physical broadcast channel ( PBCH ) 
is received , some fundamental system information such as 
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the system frame number ( SFN ) , system bandwidth , physi 
cal control channel related information can be obtained . UE if nf mod 2 
would receive the DL control channel ( e.g. PDCCH ) on ( hPRB offset + SPRB , kop ) mod Nibe if nf mod 2 = 1 proper resource elements and with proper payload size 
according to the system bandwidth and can acquire some 
more system information required to access the cell in otherwise 
system information block ( SIB ) , such as whether the cell can 
be access , UL bandwidth and frequency , random access 
parameter , and so on . UE then can perform random access 
and request the connection to the cell . After the connection 
set up is complete , UE would enter connected mode and be ?f + SPRB , hop mod n if 
able to perform data transmission to the cell or perform data 
reception from the cell . The resource allocation for data 
reception and transmission is done according to system where ng is the system frame number , fPRB , hop 
bandwidth ( e.g. NA in the following quotation ) sponds to a cell - specific higher - layer parameter prach - Hop 
signaled in MIB or SIB . The following are quotations from pingOffset . If frequency hopping is not enabled for the 
3GPP TR 36.211 V13.1.0 , 3GPP TS 36.331 , V13.2.0 , 3GPP PRACH configuration then = NPRB PRB offset 
TS 36.212 v13.1.0 , and 3GPP TS 36.213 v13.1.1 as follows : For frame structure type 1 with preamble format 0-3 , for 
Physical Random Access Channel 20 each of the PRACH configurations there is at most one 
5.7.1 Time and Frequency Structure random access resource per subframe . 
The physical layer random access preamble , illustrated in FIG . 11 ( a reproduction of Table 5.7.1-2 from 3GPP TR 

FIG . 5.7.1-1 , consists of a cyclic prefix of leng and 36.211 V13.1.0 ) lists the preamble formats according to 
sequence part of length TSEQ . The parameter values are FIG . 10 ( a reproduction of Table 5.7.1-1 from 3GPP TR 
listed in FIG . 10 ( a reproduction of Table 5.7.1-1 from 3GPP 25 36.211 V13.1.0 ) and the subframes in which random access 
TR 36.211 V13.1.0 ) and depend on the frame structure and preamble transmission is allowed for a given configuration 
the random access configuration . Higher layers control the in frame structure type 1. The start of the random access 
preamble format . preamble shall be aligned with the start of the corresponding 

The transmission of a random access preamble , if trig uplink subframe at the UE assuming NT40 , where Nta is 
gered by the MAC layer , is restricted to certain time and 30 defined in clause 8.1 . For PRACH configurations 0 , 1 , 2 , 15 , 

16 , 17 , 18 , 31 , 32 , 33 , 34 , 47 , 48 , 49 , 50 and 63 the UE may frequency resources . These resources are enumerated in for handover purposes assume an absolute value of the increasing order of the subframe number within the radio relative time difference between radio frame i in the current frame and the physical resource blocks in the frequency cell and the target cell of less than 153600 - Tg . The first domain such that index 0 correspond to the lowest numbered 35 physical resource block npRB allocated to the PRACH physical resource block and subframe within the radio opportunity considered for preamble formats 0 , 1 , 2 and 3 is frame . PRACH resources within the radio frame are indi defined as nPRB \ * = NPRB offset cated by a PRACH configuration index , where the indexing For frame structure type 2 with preamble formats 0-4 , for 
is in the order of appearance in FIG . 11 ( a reproduction of each of the PRACH configurations there might be multiple 
Table 5.7.1-2 from 3GPP TR 36.211 V13.1.0 ) and FIG . 13 40 random access resources in an UL subframe ( or UpPTS for 
( a reproduction of Table 5.7.1-4 from 3GPP TR 36.211 preamble format 4 ) depending on the UL / DL configuration 
V13.1.0 ) . [ see table 4.2-2 ] . FIG . 12 ( a reproduction of Table 5.7.1-3 

For non - BL / CE UEs there is a single PRACH configu from 3GPP TR 36.211 V13.1.0 ) lists PRACH configurations 
given by the higher - layer parameter allowed for frame structure type 2 where the configuration 

prach - FrequencyOffset . 45 index corresponds to a certain combination of preamble 
For BL / CE UEs , for each PRACH coverage enhancement format , PRACH density value , Dra and version index , fra : 

level , there is a PRACH configuration configured by higher For frame structure type 2 with PRACH configuration 
layers with a PRACH configuration index ( prach - Configu indices 0 , 1 , 2 , 20 , 21 , 22 , 30 , 31 , 32 , 40 , 41 , 42 , 48 , 49 , 50 , 
rationIndex ) , a PRACH frequency offset ?PRBoffset4 ( prach or with PRACH configuration indices 51 , 53 , 54 , 55 , 56 , 57 
FrequencyOffset ) , a number of PRACH repetitions per 50 in UL / DL configuration 3 , 4 , 5 , the UE may for handover 
attempt Nyep PRACH ( numRepetitionPerPreambleAttempt ) purposes assume an absolute value of the relative time 

difference between radio frame i in the current cell and the and optionally a PRACH starting subframe periodicity 
N target cell is less than 153600 - T . FIG . 13 ( a reproduction of ( prach - StartingSubframe ) . PRACH of preamble Table 5.7.1-4 from 3GPP TR 36.211 V13.1.0 ) lists the format 0-3 is transmitted Nye PRACH > 1 times , whereas 55 mapping to physical resources for the different random PRACH of preamble format 4 is transmitted one time only . access opportunities needed for a certain PRACH density For BL / CE UEs and for each PRACH coverage enhance value , DRA . Each quadruple of the format ( fra , TRA ) , TRA ( 1 ) ment level , if frequency hopping is enabled for a PRACH TRA indicates the location of a specific random access configuration by the higher - layer parameter prach - Hopping resource , where fra is a frequency resource index within the 
Config , the value of the parameter npRB offset depends on 60 considered time instance , tr ( 0 ) = 0 , 1 , 2 indicates whether the 
the SFN and the PRACH configuration index and is given by resource is reoccurring in all radio frames , in even radio 

In case the PRACH configuration index is such that a frames , or in odd radio frames , respectively , trd " ) = 0 , 1 
PRACH resource occurs in every radio frame when indicates whether the random access resource is located in 
calculated as below from FIG . 11 ( a reproduction of first half frame or in second half frame , respectively , and 
Table 5.7.1-2 from 3GPP TR 36.211 V13.1.0 ) or FIG . 65 where tra ( 2 ) is the uplink subframe number where the 
13 ( a reproduction of Table 5.7.1-4 from 3GPP TR preamble starts , counting from 0 at the first uplink subframe 
36.211 V13.1.0 ) , between 2 consecutive downlink - to - uplink switch points , 
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with the exception of preamble format 4 where tra ( 2 ) is 5.7.2 Preamble Sequence Generation 
denoted as ( * ) . The start of the random access preamble The random access preambles are generated from Zadoff 
formats ( 0-3 shall be aligned with the start of the correspond Chu sequences with zero correlation zone , generated from 
ing uplink subframe at the UE assuming NTA = 0 and the one or several root Zadoff - Chu sequences . The network 
random access preamble format 4 shall start 4832 : T , before 5 configures the set of preamble sequences the UE is allowed 
the end of the UpPTS at the UE , where the UpPTS is 
referenced to the UE's uplink frame timing assuming There are 64 preambles available in each cell . The set of 
NTA = 0 . 64 preamble sequences in a cell is found by including first , 

The random access opportunities for each PRACH con in the order of increasing cyclic shift , all the available cyclic 
figuration shall be allocated in time first and then in fre- 10 shifts of a root Zadoff - Chu sequence with the logical index 

RACH_ROOT_SEQUENCE , where RACH_ROOT_SE quency if and only if time multiplexing is not sufficient to QUENCE is broadcasted as part of the System Information . hold all opportunities of a PRACH configuration needed for Additional preamble sequences , in case 64 preambles cannot a certain density value DRA without overlap in time . For be generated from a single root Zadoff - Chu sequence , are preamble format 0-3 , the frequency multiplexing shall be 15 obtained from the root sequences with the consecutive done according to logical indexes until all the 64 sequences are found . 
The logical root sequence order is cyclic : the logical index 

O is consecutive to 837. The relation between a logical root fra if framod 2 = 0 sequence index and physical root sequence index u is given 
20 by Tables 5.7.2-4 and 5.7.2-5 for preamble formats 0-3 and 

fra otherwise 4 , respectively . 
The uth root Zadoff - Chu sequence is defined by 

RA 
N PRB offset +6 + offen ) RA 

NPRB 
Nube - 6 - n PRB offset RA 

where NRB UL 
25 - Fun ( n + 1 ) 

Xx ( n ) = e Nzc , 0sns Nzc - 1 RA 

is the number of uplink resource blocks , 
NPRB BRA is the first physical resource block allocated to the 
PRACH opportunity considered and where nPRB offset is 
the first physical resource block available for PRACH . 

For preamble format 4 , the frequency multiplexing shall 
be done according to 

where the length Nzc of the Zadoff - Chu sequence is given 
by Table 5.7.2-1 . From the uth root Zadoff - Chu sequence , 

30 random access preambles with zero correlation zones of 
length Ncs - 1 are defined by cyclic shifts according to 

Xu , v ( n ) = x _ { ( n + C , ) mod Nzc ) 
where the cyclic shift is given by 

RA 
N PRB = { v 6fRA , 

Net - 6 ( fra + 1 ) , 
if ( ( np mod 2 ) ( 2 – Nsp ) + TRA ) mod 2 = 0 

otherwise 
35 

VNCS for unrestriced sets 

0 C = 

v = 0 , 1 , ... , [ Nzc / Ncs ] - 1 , 
Ncs 0 
Ncs = 0 

v = 0 , 1 , .. 
RA RA + n shift H - 1 

for unrestriced sets 
40 

PRACH dstarLw / nit ) + 
rep for restriced sets 

RA RA ( vmodnshift.Ncs nshiftingroup 

RA . CS 

RA RA RA ..N 1 = 0 and not 1_N sf RA - 1 corre 
and N. is given by Tables 5.7.2-2 and 5.7.2-3 for preamble 
formats 0-3 and 4 , respectively , where the parameter zero 
CorrelationZoneConfig is provided by higher layers . The 
parameter High - speed - flag provided by higher layers deter 
mines if unrestricted set or restricted set shall be used . 

The variable d , is the cyclic shift corresponding to a 
Doppler shift of magnitude 1 / TSEQ and is given by 

PRACH 

where n , is the system frame number and where Nsp is the 
number of DL to UL switch points within the radio frame . 

For BL / CE UEs , only a subset of the subframes allowed 
for preamble transmission are allowed as starting subframes 
for the NE repetitions . The allowed starting sub 
frames for a PRACH configuration are determined as fol 
ows : 
Enumerate the subframes that are allowed for preamble 

transmission for the PRACH configuration as nof = 0 , 45 
1-1 where sf ngf 

spond to the two subframes allowed for preamble 
transmission with the smallest and the largest absolute 

abs subframe number nof respectively . 
If a PRACH starting subframe periodicity Nstart is 50 

not provided by higher layers , the periodicity of the 
allowed starting subframes in terms of subframes 
allowed for preamble transmission is Nye 
allowed starting subframes defined over 
N. RA - 1 are given by jN , where i = 0 , 1 , 55 sf 
2 , 

If a PRACH starting subframe periodicity N , is 
provided by higher layers , it indicates the periodicity of 
the allowed starting subframes in terms of subframes 
allowed for preamble transmission . The allowed start- 60 
ing subframes defined over jNstart 
where j = 0 , 1 , 2 .... 

No starting subframe with absolute subframe number 
ng abs > 10240 - Nrep is allowed . 

Each random access preamble occupies a bandwidth 65 
corresponding to 6 consecutive resource blocks for both 
frame structures . 

rep PRACH . The 
4 = 0 , RA ? Osp < Nzc / 2 

Asf du PRACH 
rep 

otherwise 

PRACH 
start where p is the smallest non - negative integer that fulfils 

( pu ) mod Nzc = 1 . The parameters for restricted sets of cyclic 
shifts depend on d , For Nossd , Nzc3 , the parameters are 
given by 

A = [ d./Ncs ] 
PRACH + N . PRACH 

rep 
RA 

n shift 

RANCS PRACH dstart = 2d , + N shift 
RA 

* group 4 = [ Nzc / dstart ] 
RA N shift 4 = max ( [ ( Nzc - 2d , -N group 4 d staro ) / Ncs ] , 0 ) 
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For Nzc / 3sd , = ( Nzc - Ncs ) / 2 the parameters are given by 6.6.4 Mapping to Resource Elements 
The block of complex - valued symbols y ( P ) ( 0 ) , 

4 = ( Nzc - 2dw ) / Ncs ] yP ! ( Msymb - 1 ) for each antenna port is transmitted during 4 
consecutive radio frames starting in each radio frame ful 

dstart = Nzc - 2d + n shifi 5 filling 0 mod 4–0 and shall be mapped in sequence starting 
with y ( 0 ) to resource elements ( k , 1 ) constituting the core set 

1 = [ d./dstart ] of PBCH resource elements . The mapping to resource 
elements ( kl ) not reserved for transmission of reference 

ñ shifi4 = min ( max ( [ ( d , -1 R4d , aryNcs ] , 0 ) , , h 4 ) signals shall be in increasing order of first the index k , then 
10 the index 1 in slot 1 in subframe 0 and finally the radio frame 

For all other values of dy , there are no cyclic shifts in the number . The resource - element indices are given by 
restricted set . 
5.7.3 Baseband Signal Generation 
The time - continuous random access signal s ( t ) is defined NREN by 71 – 36 + k ' , k ' = 0 , 1 , ... , ? 

RA n ' group 

group 

RB 
k = 15 2 

I = 0 , 1 , 3 

2?nk 

?? 
k = 0 n = 0 

RB 
' sc 

30 

35 

40 

Nzc - 1Nzc - 1 
s ( t ) = BPRACH Xu , v ( n ) .e e - INZC .ej29 ( k + Q + K ( ko + 1 / 2 ) A fra ( t - Tcp ) where resource elements reserved for reference signals shall 

20 be excluded . The mapping operation shall assume cell 
specific reference signals for antenna ports 0-3 being present 
irrespective of the actual configuration . The UE shall assume where Ost < TsEQ + TCP , BPRACH is an amplitude scaling 

factor in order to conform to the transmit power P PRACH that the resource elements assumed to be reserved for 

specified in clause 6.1 in 3GPP TS 36.213 [ 4 ] , and 25 used for transmission of reference signal are not available reference signals in the mapping operation above but not 
ko = npRBR RAN 3 - NRBUNG RB / 2 . The location in the fre 
quency domain is controlled by the parameter npRB is for PDSCH transmission . The UE shall not make any other 
derived from clause 5.7.1 . The factor K = Af / Afra accounts assumptions about these resource elements . 
for the difference in subcarrier spacing between the random If a cell is configured with repetition of the physical 
access preamble and uplink data transmission . The variable broadcast channel 
Afra , the subcarrier spacing for the random access preamble , symbols mapped to core resource element ( k , 1 ) in slot 1 in 
and the variable « , a fixed offset determining the frequency subframe 0 within a radio frame ne according to the 
domain location of the random access preamble within the mapping operation above , and 
physical resource blocks , are both given by FIG . 19 ( a cell - specific reference signals in OFDM symbols 1 in slot 
reproduction of Table 5.7.3-1 from 3GPP TR 36.211 1 in subframe within a radio frame n , with 1 according 
V13.1.0 ) . to the mapping operation above 
< ... > shall additionally be mapped to resource elements ( k , 1 ' ) in 

Physical Broadcast Channel slot number n ' , within radio frame n , -i unless resource 
The PBCH is not transmitted for frame structure type 3 . element ( k , l ' ) is used by CSI reference signals . 

6.6.1 Scrambling For frame structure type 1 , l ' , n's , and i are given by FIG . The block of bits b ( 0 ) , . · , b ( Mbit - 1 ) , where Mbit , the 21 ( a reproduction of Table 6.6.4-1 from 3GPP TR 36.211 number of bits transmitted on the physical broadcast chan V13.1.0 ) . nel , equals 1920 for normal cyclic prefix and 1728 for For frame structure type 2 , extended cyclic prefix , shall be scrambled with a cell 
specific sequence prior to modulation , resulting in a block of if NRBDL > 15 , 1 ' and n ' , are given by FIG . 22 ( a reproduc 
scrambled bits b ( 0 ) , ... , b ( Mir - 1 ) according to tion of Table 6.6.4-2 from 3GPP TR 36.211 V13.1.0 ) 

and i = 0 ; 
b ( i ) = ( b ( i ) + c ( i ) ) mod 2 if 75NRBDL 15 , 1 ' and n ' , are given by FIG . 22 ( a repro 

duction of Table 6.6.4-2 from 3GPP TR 36.211 where the scrambling sequence c ( i ) is given by clause 7.2 . V13.1.0 ) and i = 0 , except that repetitions with n ' = 10 The scrambling sequence shall be initialised with 50 and n ' = 11 are not applied . Cinit = N in each radio frame fulfilling ng mod 4–0 . 
6.6.2 Modulation For both frame structure type 1 and frame structure type 
The block of scrambled bits ( 0 ) , ... , Þ ( Mbit - 1 ) shall be 2 , repetition of the physical broadcast channel is not appli 

cable if N L = 6 . modulated as described in clause 7.1 , resulting in a block of 
complex - valued modulation symbols d ( 0 ) ,. -1 ) . 55 Resource elements already used for transmission of cell 
FIG . 20 ( a reproduction of Table 6.6.2-1 from 3GPP TR specific reference signals in absence of repetition shall not 
36.211 V13.1.0 ) specifies the modulation mappings appli be used for additional mapping of cell - specific reference 
cable for the physical broadcast channel . signals . 
6.6.3 Layer Mapping and Precoding 
The block of modulation symbols d ( 0 ) , ... , d ( Msymb - 1 ) 60 MasterInformation Block 

shall be mapped to layers according to one of clauses 6.3.3.1 The MasterInformationBlock includes the system infor 
or 6.3.3.3 with Msymbº = Msymb and precoded according to mation transmitted on BCH . 
one of clauses 6.3.4.1 or 6.3.4.3 , resulting in a block of Signalling radio bearer : N / A vectors y ( i ) = [ yº ) ( i ) ... y ( P - 1 ) ( ) ] ?, i = 0 , ... , Msymb - 1 , where RLC - SAP : TM y ( P ) ( i ) represents the signal for antenna port p and where 65 
p = 0 , ... P - 1 and the number of antenna ports for Logical channel : BCCH 
cell - specific reference signals PE { 1 , 2 , 4 } . Direction : E - UTRAN to UE 
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The following information is transmitted by means of the 
MasterInformation Block DCI format 0 : 

Carrier indicator or 3 bits . This field is present accord -- ASN1START ing to the definitions in 3GPP TS 36.331 , V13.2.0 . MasterInforrnation Block :: = SEQUENCE { 
dl - Bandwidth ENUMERATED { Flag for format ( / format1 A differentiation — 1 bit , where 

n6 , n15 , n25 , 150 , n75 , n100 } , value 0 indicates format 0 and value 1 indicates format 
phich - Config PHICH - Config , 1A 
systemFrameNurnber BIT STRING ( SIZE ( 8 ) ) , Frequency hopping flag - 1 bit as defined in section 8.4 of 
scheduling InfoSIB1 - BR - r13 INTEGER ( 0..31 ) , 3GPP TS 36.331 , V13.2.0 . This field is used as the spare BIT STRING ( SIZE ( 5 ) ) 

} MSB of the corresponding resource allocation field for 
ASN1STOP resource allocation type 1 . 

Resource block assignment and hopping resource alloca 
tion— [ log2 ( NRBDL ( NRBDL + 1 ) / 2 ) ] bits 

10 

MasterInformation Block field descriptions 
dl - Bandwidth 

Parameter : transmission bandwidth configuration , NRB in downlink , see TS 36.101 [ 42 , 
table 5.6-1 ] . n6 corresponds to 6 resource blocks , n15 to 15 resource blocks and so on . 
phich - Config 

Specifies the PHICH configuration . If the UE is a BL UE or UE in CE , it shall ignore 
this field . 
schedulingInfoSIB1 - BR 

This field contains an index to a table that defines System Information BlockTypel - BR 
scheduling information . The table is specified in TS 36.213 [ 23 , FIG . 33 ( a reproduction 
of Table 7.1.6-1 from 3GPP TS 36.213 V13.1.1 ) and Table 7.1.7.2.7-1 ] . Value O means 
that SystemInformation BlockType1 - BR is not scheduled . 
system Frame Number 

Defines the 8 most significant bits of the SFN . As indicated in TS 36.211 [ 21 , 6.6.1 ] , the 
2 least significant bits of the SFN are acquired implicitly in the P - BCH decoding , i.e. 
timing of 40 ms P - BCH TTI indicates 2 least significant bits ( within 40 ms P - BCH TTI , 
the first radio frame : 00 , the second radio frame : 01 , the third radio frame : 10 , the last 
radio frame : 11 ) . One value applies for all serving cells of a Cell Group ( i.e. MCG 
or SCG ) . The associated functionality is common ( i.e. not performed independently 
for each cell ) . 

NUL_hop , 
40 

50 

The following is quoted from 3GPP TS 36.212 V13.1.0 : 
5.3.3 Downlink Control Information 
A DCI transports downlink , uplink or sidelink scheduling 

information , requests for aperiodic CQI reports , LAA com 
mon information , notifications of MCCH change [ 6 ] or 
uplink power control commands for one cell and one RNTI . 
The RNTI is implicitly encoded in the CRC . 
FIG . 23 ( a reproduction of FIG . 5.3.3-1 from 3GPP TS 45 

36.212 V13.1.0 ) shows the processing structure for one DCI . 
The following coding steps can be identified : 

Information element multiplexing 
CRC attachment 
Channel coding 
Rate matching 
The coding steps for DCI are shown in [ FIG . 23 ] . 

5.3.3.1 DCI Formats 
The fields defined in the DCI formats below are mapped 

to the information bits do to da - i as follows . 
Each field is mapped in the order in which it appears in the 

description , including the zero - padding bit ( s ) , if any , with 
the first field mapped to the lowest order information bit do 60 
and each successive field mapped to higher order informa 
tion bits . The most significant bit of each field is mapped to 
the lowest order information bit for that field , e.g. the most 
significant bit of the first field is mapped to do . 
5.3.3.1.1 Format 0 
DCI format 0 is used for the scheduling of PUSCH in one 

UL cell . 

For PUSCH hopping ( resource allocation type 0 only ) : 
MSB bits are used to obtain the value of 

ñPRB ( i ) as indicated in section 8.4 of 3GPP TS 
36.331 , V13.2.0 
( ?log , ( NRB + 1 ) / 2 ) ] - NUL_hop ) bits provide the 
resource allocation of the first slot in the UL 
subframe 

For non - hopping PUSCH with resource allocation type 
0 : 
( ?log2 ( NRBUZ ( NRBUZ + 1 ) / 2 ) ] ) bits provide provide the 

resource allocation in the UL subframe as defined 
in section 8.1.1 of 3GPP TS 36.331 , V13.2.0 

For non - hopping PUSCH with resource allocation type 
1 : 
The concatenation of the frequency hopping flag 

field and the resource block assignment and hop 
ping resource allocation field provides the 
resource allocation field in the UL subframe as 
defined in section 8.1.2 of 3GPP TS 36.331 , 
V13.2.0 

Modulation and coding scheme and redundancy ver 
sion — 5 bits as defined in section 8.6 of 3GPP TS 
36.331 , V13.2.0 

New data indicator — 1 bit 
TPC command for scheduled PUSCH - 2 bits as defined 

in section 5.1.1.1 of 3GPP TS 36.331 , V13.2.0 
Cyclic shift for DM RS and OCC index - 3 bits as defined 

in section 5.5.2.1.1 of 3GPP TR 36.211 V13.1.0 
UL index - 2 bits as defined in sections 5.1.1.1 , 7.2.1 , 8 

and 8.4 of 3GPP TS 36.331 , V13.2.0 ( this field is 
present only for TDD operation with uplink - downlink 
configuration 0 ) 
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Downlink Assignment Index ( DAI ) 2 bits as defined in 1 bit indicates a shift of the resource allocation span 
section 7.3 of 3GPP TS 36.331 , V13.2.0 ( this field is ( NRBDL / P ] - [ log2 ( P ) ] - 1 ) bits provide the resource 
present only for cases with TDD primary cell and either allocation 
TDD operation with uplink - downlink configurations where the value of P depends on the number of DL 
1-6 or FDD operation ) resource blocks as indicated in section 7.1.6.1 of 

CSI request 1 , 2 or 3 bits as defined in section 7.2.1 of 3GPP TS 36.331 , V13.2.0 
3GPP TS 36.331 , V13.2.0 . The 2 - bit field applies to Modulation and coding scheme 5 bits as defined in section 
UEs configured with no more than five DL cells and to 7.1.7 of 3GPP TS 36.331 , V13.2.0 
UEs that are configured with more than one DL cell and HARQ process number — 3 bits ( for cases with FDD 
when the corresponding DCI format is mapped onto primary cell ) , 4 bits ( for cases with TDD primary cell ) 
the UE specific search space given by the C - RNTI as New data indicator — 1 bit 
defined in 3GPP TS 36.331 , V13.2.0 ; Redundancy version — 2 bits 

UEs that are configured by higher layers with more TPC command for PUCCH — 2 bits as defined in section 
than one CSI process and when the corresponding 5.1.2.1 of 3GPP TS 36.331 , V13.2.0 
DCI format is mapped onto the UE specific search Downlink Assignment Index - number of bits as specified 
space given by the C - RNTI as defined in 3GPP TS in FIG . 25 ( a reproduction of Table 5.3.3.1.2-2 from 
36.331 , V13.2.0 ; 3GPP TS 36.212 V13.1.0 ) . 

UEs that are configured with two CSI measurement sets HARQ - ACK resource offset ( this field is present when 
by higher layers with the parameter csi - MeasSub this format is carried by EPDCCH . This field is not 
frameSet , and when the corresponding DCI format is present when this format is carried by PDCCH ) -2 bits 
mapped onto the UE specific search space given by as defined in section 10.1 of 3GPP TS 36.331 , V13.2.0 . 
the C - RNTI defined in 3GPP TS 36.331 , V13.2.0 ; The 2 bits are set to o when this format is carried by 

the 3 - bit field applies to UEs that are configured with EPDCCH on a secondary cell , or when this format is 
more than five DL cells and when the corresponding 25 carried by EPDCCH on the primary cell scheduling 
DCI format is mapped onto the UE specific search PDSCH on a secondary cell and the UE is configured 
space given by the C - RNTI as defined in 3GPP TS with PUCCH format 3 for HARQ - ACK feedback . 
36.331 , V13.2.0 ; If the UE is not configured to decode PDCCH or EPD 

otherwise the 1 - bit field applies CCH with CRC scrambled by the C - RNTI and the number 
SRS request 0 or 1 bit . This field can only be present in 30 of information bits in format 1 is equal to that for format 
DCI formats scheduling PUSCH which are mapped 0 / 1A , one bit of value zero shall be appended to format 1 . 
onto the UE specific search space given by the If the UE is configured to decode PDCCH or EPDCCH 
C - RNTI as defined in [ 3 ] . The interpretation of this with CRC scrambled by the C - RNTI and the number of 
field is provided in section 8.2 of 3GPP TS 36.331 , information bits in format 1 is equal to that for format 0 / 1A 
V13.2.0 for scheduling the same serving cell and mapped onto the 

Resource allocation type 1 bit . This field is only present UE specific search space given by the C - RNTI as defined in 
if NRBUL NRBDL . The interpretation of this field is 3GPP TS 36.331 , V13.2.0 , one bit of value zero shall be 
provided in section 8.1 of 3GPP TS 36.331 , V13.2.0 appended to format 1 . 

If the number of information bits in format O mapped onto 40 If the number of information bits in format 1 carried by 
a given search space is less than the payload size of format PDCCH belongs to one of the sizes in FIG . 24 ( a reproduc 
1A for scheduling the same serving cell and mapped onto the tion of Table 5.3.3.1.2-1 from 3GPP TS 36.212 V13.1.0 ) , 
same search space ( including any padding bits appended to one or more zero bit ( s ) shall be appended to format 1 until 
format 1A ) , zeros shall be appended to format 0 until the the payload size of format 1 does not belong to one of the 
payload size equals that of format 1A . 45 sizes in FIG . 24 ( a reproduction of Table 5.3.3.1.2-1 from 
5.3.3.1.2 Format 1 3GPP TS 36.212 V13.1.0 ) and is not equal to that of format 
DCI format 1 is used for the scheduling of one PDSCH 0 / 1A mapped onto the same search space . 

codeword in one cell . 5.3.3.1.3 Format 1A 
The following information is transmitted by means of the DCI format 1A is used for the compact scheduling of one 

DCI format 1 : 50 PDSCH codeword in one cell and random access procedure 
Carrier indicator 0 or 3 bits . This field is present according initiated by a PDCCH order . The DCI corresponding to a 

to the definitions in 3GPP TS 36.331 , V13.2.0 . PDCCH order can be carried by PDCCH or EPDCCH . 
Resource allocation header ( resource allocation type The following information is transmitted by means of the 

0 / type 1 ) 1 bit as defined in section 7.1.6 of 3GPP TS DCI format 1A : 
36.331 , V13.2.0 Carrier indicator 0 or 3 bits . This field is present according 
If downlink bandwidth is less than or equal to 10 PRBs , to the definitions in [ 3 ] . 

there is no resource allocation header and resource Flag for formato / format1 A differentiation 1 bit , where 
allocation type O is assumed . value 0 indicates format 0 and value 1 indicates format 

Resource block assignment : 1A 
For resource allocation type 0 as defined in section 60 Format 1A is used for random access procedure initiated 

7.1.6.1 of 3GPP TS 36.331 , V13.2.0 : by a PDCCH order only if format 1A CRC is scrambled 
[ NRBDL / P ] bits provide the resource allocation with C - RNTI and all the remaining fields are set as 

For resource allocation type 1 as defined in section follows : 
7.1.6.2 of 3GPP TS 36.331 , V13.2.0 : Localized / Distributed VRB assignment flag — 1 bit is 
[ log ( P ) ] bits of this field are used as a header 65 set to ' O 

specific to this resource allocation type to indicate Resource block assignment - flog ( NRB " * + 1 ) / 
the selected resource blocks subset 2 ) ] bits , where all bits shall be set to 1 

35 
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7.1 UE Procedure for Receiving the Physical Downlink decode the MPDCCH and any corresponding PDSCH 
Shared Channel according to any of the combinations defined in Table 

Except the subframes indicated by the higher layer param 7.1-2A . 
eter mbsfn - SubframeConfigList or by mbsfn - SubframeCon The scrambling initialization of PDSCH corresponding to 
figList - v12x0 or by laa - SCellSubframeConfig of serving 5 these MPDCCHs is by P - RNTI . 
cell c , a UE shall The UE is not required to monitor PDCCH with CRC 

upon detection of a PDCCH of the serving cell with DCI scrambled by the P - RNTI on the PSCell . 
format 1 , 1A , 1B , 1C , 1D , 2 , 2A , 2B , 2C , or 2D 
intended for the UE in a subframe , or If a UE is configured by higher layers to decode PDCCH 

upon detection of an EPDCCH of the serving cell with 10 with CRC scrambled by the RA - RNTI , the UE shall decode the PDCCH and the corresponding PDSCH according to any DCI format 1 , 1A , 1B , 1D , 2 , 2A , 2B , 2C , or 2D of the combinations defined in FIG . 29 ( a reproduction of intended for the UE in a subframe Table 7.1-3 from 3GPP TS 36.213 V13.1.1 ) . The scrambling decode the corresponding PDSCH in the same subframe initialization of PDSCH corresponding to these PDCCHs is with the restriction of the number of transport blocks defined 15 by RA - RNTI . in the higher layers . If a UE is configured by higher layers to decode MPD 
For BL / CE UEs configured with higher layer parameter CCH with CRC scrambled by the RA - RNTI , the UE shall 

fddDownlinkOrTddSubframeBitmapLC , the higher layer decode the MPDCCH and the corresponding PDSCH 
parameter indicates the set of BL / CE DL subframes . according to any of the combinations defined in Table 

For BL / CE UEs not configured with higher layer param- 20 7.1-3A . The scrambling initialization of PDSCH corre 
eter fddDownlinkOrTddSubframeBitmapLC , subframes sponding to these MPDCCHs is by RA - RNTI . 
other than those indicated by the higher layer parameter When RA - RNTI and either C - RNTI or SPS C - RNTI are 
mbsfn - SubframeConfigList are considered as BL / CE DL assigned in the same subframe , the UE is not required to 
subframes . decode a PDSCH on the primary cell indicated by a 
A BL / CE UE shall upon detection of a MPDCCH with 25 PDCCH / EPDCCH with a CRC scrambled by C - RNTI or 

DCI format 6-1A , 6-1B , 6-2 intended for the UE , decode the SPS C - RNTI . 
corresponding PDSCH in one more BL / CE DL subframes as If a UE is configured by higher layers to decode PDCCH 
described in subclause 7.1.11 , with the restriction of the with CRC scrambled by the G - RNTI or SC - RNTI , the UE 
number of transport blocks defined in the higher layers shall decode the PDCCH and the corresponding PDSCH 

If a UE is configured with more than one serving cell and 30 according to any of the combinations defined in FIG . 30 ( a 
if the frame structure type of any two configured serving reproduction of Table 7.1-4 from 3GPP TS 36.213 V13.1.1 ) . 
cells is different , then the UE is considered to be configured The scrambling initialization of PDSCH corresponding to 

these PDCCHs is by G - RNTI or SC - RNTI . for FDD - TDD carrier aggregation . The UE is semi - statically configured via higher layer Except for MBMS reception , the UE is not required to 35 signalling to receive PDSCH data transmissions signalled monitor PDCCH with CRC scrambled by the SI - RNTI on via PDCCH / EPDCCH according to one of the transmission the PSCell . modes , denoted mode 1 to mode 10 . A UE may assume that positioning reference signals are For a BL / CE UE , the UE is semi - statically configured via 
not present in resource blocks in which it shall decode higher layer signalling to receive PDSCH data transmissions 
PDSCH according to a detected PDCCH with CRC 40 signalled via MPDCCH according to one of the transmission 
scrambled by the SI - RNTI or P - RNTI with DCI format 1A modes : mode 1 , mode 2 , mode 6 , and mode 9 . 
or 1C intended for the UE . For LAA Scells , the UE is not expected to receive PDSCH 
A UE configured with the carrier indicator field for a data transmissions signalled via PDCCH / EPDCCH accord 

given serving cell shall assume that the carrier indicator field ing to transmission modes 5 , 6 , 7 . 
is not present in any PDCCH of the serving cell in the 45 For frame structure type 1 , 
common search space that is described in subclause 9.1 . the UE is not expected to receive PDSCH resource blocks 
Otherwise , the configured UE shall assume that for the given transmitted on antenna port 5 in any subframe in which 
serving cell the carrier indicator field is present in PDCCH / the number of OFDM symbols for PDCCH with nor 
EPDCCH located in the UE specific search space described mal CP is equal to four ; 
in subclause 9.1 when the PDCCH / EPDCCH CRC is 50 the UE is not expected to receive PDSCH resource blocks 
scrambled by C - RNTI or SPS C - RNTI . transmitted on antenna port 5 , 7 , 8 , 9 , 10 , 11 , 12 , 13 or 

If a UE is configured by higher layers to decode PDCCH 14 in the two PRBs to which a pair of VRBs is mapped 
with CRC scrambled by the SI - RNTI , the UE shall decode if either one of the two PRBs overlaps in frequency 
the PDCCH and the corresponding PDSCH according to any with a transmission of either PBCH or primary or 
of the combinations defined in FIG . 27 ( a reproduction of 55 secondary synchronization signals in the same sub 
Table 7.1-1 from 3GPP TS 36.213 V13.1.1 ) . The scrambling frame ; 
initialization of PDSCH corresponding to these PDCCHs is the UE is not expected to receive PDSCH resource blocks 
by SI - RNTI . transmitted on antenna port 7 for which distributed 

If a UE is configured by higher layers to decode PDCCH VRB resource allocation is assigned . 
with CRC scrambled by the P - RNTI , the UE shall decode 60 The UE may skip decoding the transport block ( s ) if it does 
the PDCCH and the corresponding PDSCH according to any not receive all assigned PDSCH resource blocks except 
of the combinations defined in FIG . 28 ( a reproduction of if it is capable of receiving the non - colliding PDSCH 
Table 7.1-2 from 3GPP TS 36.213 V13.1.1 ) . The scrambling resource blocks in an assignment which partly collides 
initialization of PDSCH corresponding to these PDCCHs is in frequency with a transmission of PBCH or primary 
by P - RNTI . synchronization signal or secondary synchronization 

If a UE is configured by higher layers to decode MPD signal in the same subframes and that capability is 
CCH with CRC scrambled by the P - RNTI , the UE shall indicated by pdsch - CollisionHandling [ 12 ] . If the UE 
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skips decoding , the physical layer indicates to higher the C - RNTI , then the UE shall decode PDSCH of the 
layer that the transport block ( s ) are not successfully serving cell indicated by the carrier indicator field value in 
decoded . the decoded PDCCH / EPDCCH . 

For frame structure type 2 , When a UE configured in transmission mode 3 , 4 , 8 , 9 or 
the UE is not expected to receive PDSCH resource blocks 5 10 receives a DCI Format 1A assignment , it shall assume 

transmitted on antenna port 5 in any subframe in which that the PDSCH transmission is associated with transport 
the number of OFDM symbols for PDCCH with nor block 1 and that transport block 2 is disabled . mal CP is equal to four ; When a UE is configured in transmission mode 7 , scram the UE is not expected to receive PDSCH resource blocks bling initialization of UE - specific reference signals corre transmitted on antenna port 5 in the two PRBs to which 10 sponding to these PDCCHs / EPDCCHs is by C - RNTI . a pair of VRBs is mapped if either one of the two PRBS The UE does not support transmission mode 8 if extended overlaps in frequency with a transmission of PBCH in 
the same subframe ; cyclic prefix is used in the downlink . 

the UE is not expected to receive PDSCH resource blocks When a UE is configured in transmission mode 9 or 10 , 
transmitted on antenna port 7 , 8 , 9 , 10 , 11 , 12 , 13 or 14 15 in the downlink subframes indicated by the higher layer 
in the two PRBs to which a pair of VRBs is mapped if parameter mbsfn - SubframeConfigList or by mbsfn - Subfr 
either one of the two PRBs overlaps in frequency with ameConfigList - v12x0 or by laa - SCellSubframeConfig of 
a transmission of primary or secondary synchronization serving cell c except in subframes for the serving cell 
signals in the same subframe ; indicated by higher layers to decode PMCH or , 

with normal CP configuration , the UE is not expected to 20 configured by higher layers to be part of a positioning 
receive PDSCH on antenna port 5 for which distributed reference signal occasion and the positioning reference 
VRB resource allocation is assigned in the special signal occasion is only configured within MBSFN 
subframe with configuration # 1 or # 6 ; subframes and the cyclic prefix length used in subframe 

the UE is not expected to receive PDSCH on antenna port # 0 is normal cyclic prefix , 
7 for which distributed VRB resource allocation is 25 the UE shall upon detection of a PDCCH with CRC 
assigned ; scrambled by the C - RNTI with DCI format 1A / 2C / 2D 

with normal cyclic prefix , the UE is not expected to intended for the UE or , upon detection of an EPDCCH with 
receive PDSCH resource blocks transmitted on antenna CRC scrambled by the C - RNTI with DCI format 1A / 2C / 2D 
port 5 in DwPTS when the UE is configured with intended for the UE , decode the corresponding PDSCH in 
special subframe configuration 9 . 30 the same subframe . 

The UE may skip decoding the transport block ( s ) if it does A UE configured in transmission mode 10 can be config 
not receive all assigned PDSCH resource blocks except ured with scrambling identities , nyd i = 0.1 by higher 
if it is capable of receiving the non - colliding PDSCH layers for UE - specific reference signal generation as defined 
resource blocks in an assignment which partly collides in subclause 6.10.3.1 of [ 3 ] to decode PDSCH according to 
in frequency with a transmission of PBCH or primary 35 a detected PDCCH / EPDCCH with CRC scrambled by the 
synchronization signal or secondary synchronization C - RNTI with DCI format 2D intended for the UE . 
signal in the same subframe and that capability is 
indicated by pdsch - CollisionHandling [ 12 ] . If the UE If a UE is configured by higher layers to decode PDCCH 
skips decoding , the physical layer indicates to higher with CRC scrambled by the SPS C - RNTI , the UE shall 
layer that the transport block ( s ) are not successfully 40 decode the PDCCH on the primary cell and any correspond 
decoded . ing PDSCH on the primary cell according to the respective 

If a UE is configured by higher layers to decode PDCCH combinations defined in Table 7.1-6 . The same PDSCH 
with CRC scrambled by the C - RNTI , the UE shall decode related configuration applies in the case that a PDSCH is 
the PDCCH and any corresponding PDSCH according to the transmitted without a corresponding PDCCH . The scram 
respective combinations defined in FIG . 31 ( a reproduction 45 bling initialization of PDSCH corresponding to these 
of Table 7.1-5 from 3GPP TS 36.213 V13.1.1 ) . The scram PDCCHs and PDSCH without a corresponding PDCCH is 
bling initialization of PDSCH corresponding to these by SPS C - RNTI . 
PDCCHs is by C - RNTI . If a UE is configured by higher layers to decode EPDCCH 

If a UE is configured by higher layers to decode EPDCCH with CRC scrambled by the SPS C - RNTI , the UE shall 
with CRC scrambled by the C - RNTI , the UE shall decode 50 decode the EPDCCH on the primary cell and any corre 
the EPDCCH and any corresponding PDSCH according to sponding PDSCH on the primary cell according to the 
the respective combinations defined in Table 7.1-5A . The respective combinations defined in Table 7.1-6A . The same 
scrambling initialization of PDSCH corresponding to these PDSCH related configuration applies in the case that a 
EPDCCHs is by C - RNTI . PDSCH is transmitted without a corresponding EPDCCH . 

If a BL / CE UE is configured by higher layers to decode 55 The scrambling initialization of PDSCH corresponding to 
MPDCCH with CRC scrambled by the C - RNTI , the UE these EPDCCHs and PDSCH without a corresponding EPD 
shall decode the MPDCCH and any corresponding PDSCH CCH is by SPS C - RNTI . 
according to the respective combinations defined in Table If a UE configured with CEModeA is configured by 
7.1-5B . The scrambling initialization of PDSCH corre higher layers to decode MPDCCH with CRC scrambled by 
sponding to these MPDCCHs is by C - RNTI . 60 the SPS C - RNTI , the UE shall decode the MPDCCH on the 

If a UE is configured with CEModeA , the UE shall primary cell and any corresponding PDSCH on the primary 
decode MPDCCH DCI Format 6-1A . If the UE is configured cell according to the respective combinations defined in 
with CEModeB , the UE shall decode MPDCCH DCI For Table 7.1-6B . The same PDSCH related configuration 
mat 6-1B . applies in the case that a PDSCH is transmitted without a 

If the UE is configured with the carrier indicator field for 65 corresponding MPDCCH . The scrambling initialization of 
a given serving cell and , if the UE is configured by higher PDSCH corresponding to these MPDCCHs and PDSCH 
layers to decode PDCCH / EPDCCH with CRC scrambled by without a corresponding MPDCCH is by SPS C - RNTI . 
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When a UE is configured in transmission mode 7 , scram 0 is indicated by 0 value and type 1 is indicated otherwise . 
bling initialization of UE - specific reference signals for EPDCCH with DCI format 1A , 1B , and 1D have a type 2 
PDSCH corresponding to these PDCCHS / EPDCCHs and for resource allocation while EPDCCH with DCI format 1 , 2 , 
PDSCH without a corresponding PDCCH / EPDCCH is by 2A , 2B , 2C and 2D have type 0 or type 1 resource allocation . 
SPS C - RNTI . 5 EPDCCH DCI formats with a type 2 resource allocation do 
When a UE is configured in transmission mode 9 or 10 , not have a resource allocation header field . 

in the downlink subframes indicated by the higher layer MPDCCH with DCI format 6-1A a type 2 resource 
parameter mbsfn - SubframeConfigList or by mbsfn - Subfr allocation . Resource allocation for PDCCH with DCI format 
ameConfigList - v12x0 of serving cell c except in subframes 6-1B is given by the Resource block assignment field as 
for the serving cell 10 described in [ 4 ] . MPDCCH with DCI format 6-2 assigns a 

indicated by higher layers to decode PMCH or , set of six contiguously allocated localized virtual resource 
configured by higher layers to be part of a positioning blocks within a narrowband . Localized virtual resource 

reference signal occasion and the positioning reference blocks are always used in case of MPDCCH with DCI 
signal occasion is only configured within MBSFN format 6-1A , 6-1B , or 6-2 . 
subframes and the cyclic prefix length used in subframe 15 A UE may assume , for any PDSCH transmission sched 
# 0 is normal cyclic prefix , uled by a cell with physical cell identity given in NAICS 

the UE shall upon detection of a PDCCH with CRC AssistanceInfo - r12 and the PDSCH transmission mode 
scrambled by the SPS C - RNTI with DCI format 1A / 2C / 2D , belonging to transmissionModeList - r12 associated with the 
or upon detection of a EPDCCH with CRC scrambled by the cell except spatial multiplexing using up to 8 transmission 
SPS C - RNTI with DCI format 1A / 2C / 2D , or for a config- 20 layers in transmission mode 10 , that the resource allocation 
ured PDSCH without PDCCH intended for the UE , decode granularity and precoding granularity in terms of PRB pairs 
the corresponding PDSCH in the same subframe . in the frequency domain are both given by N , where N is 
A UE configured in transmission mode 10 can be config given by the higher layer parameter resAllocGranularity - r12 

ured with scrambling identities , nd i = 0.1 by higher associated with the cell . The first set of N consecutive PRB 
layers for UE - specific reference signal generation as defined 25 pairs of the resource allocation starts from the lowest 
in subclause 6.10.3.1 of [ 3 ] to decode PDSCH according to frequency of the system bandwidth and the UE may assume 
a detected PDCCH / EPDCCH with CRC scrambled by the the same precoding applies to all PRB pairs within a set . 
SPS C - RNTI with DCI format 2D intended for the UE . For a BL / CE UE , the resource allocation for PDSCH 

For PDSCH without a corresponding PDCCH / EPDCCH , carrying System Information Block Typel - BR and SI mes 
the UE shall use the value of nçcip and the scrambling 30 sages is a set of six contiguously allocated localized virtual identity of np ( NSCID ) ( as defined in subclause 6.10.3.1 of [ 3 ] ) resource blocks within a narrowband . The number of rep 
derived from the DCI format 2D corresponding to the etitions for the PDSCH carrying SystemInformationBlock 
associated SPS activation for UE - specific reference signal Typel - BR is determined based on the parameter schedul 
generation . ingInfoSIB1 - BR - r13 configured by higher - layers and 

35 according to FIG . 33 ( a reproduction of Table 7.1.6-1 from 
If a UE is configured by higher layers to decode PDCCH 3GPP TS 36.213 V13.1.1 ) . If the value of the parameter 

with CRC scrambled by the Temporary C - RNTI and is not schedulingInfoSIB1 - BR - r13 configured by higher - layers is 
configured to decode PDCCH with CRC scrambled by the set to 0 , UE assumes that System Information BlockTypel 
C - RNTI , the UE shall decode the PDCCH and the corre BR is not transmitted . 
sponding PDSCH according to the combination defined in 40 7.1.6.1 Resource Allocation Type 0 
Table 7.1-7 . The scrambling initialization of PDSCH corre In resource allocations of type 0 , resource block assign 
sponding to these PDCCHs is by Temporary C - RNTI . ment information includes a bitmap indicating the Resource 
< . Block Groups ( RBGs ) that are allocated to the scheduled UE 

7.1.6 Resource Allocation where a RBG is a set of consecutive virtual resource blocks 
The UE shall interpret the resource allocation field 45 ( VRBs ) of localized type as defined in subclause 6.2.3.1 of 

depending on the PDCCH / EPDCCH DCI format detected . A [ 3 ] . Resource block group size ( P ) is a function of the system 
resource allocation field in each PDCCH / EPDCCH includes bandwidth as shown in FIG . 34 ( a reproduction of Table 
two parts , a resource allocation header field and information 7.1.6.1-1 from 3GPP TS 36.213 V13.1.1 ) . The total number 
consisting of the actual resource block assignment . of RBGs ( NRBG ) for downlink system bandwidth of NRB 
PDCCH DCI formats 1 , 2 , 2A , 2B , 2C and 2D with type 50 is given by NRBG = NRBDL / P ] where [ NRRDL / P ] of the RBGs 

O and PDCCH DCI formats 1 , 2 , 2A , 2B , 2C and 2D with are of size P and if N , DL mod P > 0 then one of the RBGs 
type 1 resource allocation have the same format and are is of size NRBPL - PIN BPL / P ) . The bitmap is of size NRBG 
distinguished from each other via the single bit resource bits with one bitmap bit per RBG such that each RBG is 
allocation header field which exists depending on the down addressable . The RBGs shall be indexed in the order of 
link system bandwidth ( subclause 5.3.3.1 of [ 4 ] ) , where type 55 increasing frequency and non - increasing RBG sizes starting 
O is indicated by O value and type 1 is indicated otherwise . at the lowest frequency . The order of RBG to bitmap bit 
PDCCH with DCI format 1A , 1B , 1C and 1D have a type 2 mapping is in such way that RBG 0 to RBG NRBG - 1 are 
resource allocation while PDCCH with DCI format 1 , 2 , 2A , mapped to MSB to LSB of the bitmap . The RBG is allocated 
2B , 2C and 2D have type 0 or type 1 resource allocation . to the UE if the corresponding bit value in the bitmap is 1 , 
PDCCH DCI formats with a type 2 resource allocation do 60 the RBG is not allocated to the UE otherwise . 
not have a resource allocation header field . 7.1.6.2 Resource Allocation Type 1 
EPDCCH DCI formats 1 , 2 , 2A , 2B , 2C and 2D with type In resource allocations of type 1 , a resource block assign 

O and EPDCCH DCI formats 1 , 2 , 2A , 2B , 2C and 2D with ment information of size N indicates to a scheduled UE 
type 1 resource allocation have the same format and are the VRBs from the set of VRBs from one of P RBG subsets . 
distinguished from each other via the single bit resource 65 The virtual resource blocks used are of localized type as 
allocation header field which exists depending on the down defined in subclause 6.2.3.1 of [ 3 ] . Also Pis the RBG size 
link system bandwidth ( subclause 5.3.3.1 of [ 4 ] ) , where type associated with the system bandwidth as shown in FIG . 34 

DL 
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( a reproduction of Table 7.1.6.1-1 from 3GPP TS 36.213 distributed virtual resource blocks are always assigned in 
V13.1.1 ) . A RBG subset p , where Osp < P , consists of every case of resource allocation signalled with PDCCH DCI 
Pth RBG starting from RBG p . The resource block assign format 1C . Localized VRB allocations for a UE vary from 
ment information consists of three fields [ 4 ] . a single VRB up to a maximum number of VRBs spanning 

The first field with ?log2 ( P ) ] bits is used to indicate the 5 the system bandwidth . For DCI format 1A the distributed 
selected RBG subset among P RBG subsets . VRB allocations for a UE vary from a single VRB up to 
The second field with one bit is used to indicate a shift of N VRBs , where N DL is defined in [ 3 ] , if the DCI 

the resource allocation span within subset . A bit value of CRC is scrambled by P - RNTI , RA - RNTI , or SI - RNTI . With 
1 indicates shift is triggered . Shift is not triggered otherwise . PDCCH DCI format 1B , 1D with a CRC scrambled by 
The third field includes a bitmap , where each bit of the 10 C - RNTI , or with DCI format 1A with a CRC scrambled with 

bitmap addresses a single VRB in the selected RBG subset C - RNTI , SPS C - RNTI or Temporary C - RNTI distributed 
in such a way that MSB to LSB of the bitmap are mapped VRB allocations for a UE vary from a single VRB up to 
to the VRBs in the increasing frequency order . The VRB is N , VRBs if N is 6-49 and vary from a single VRB 
allocated to the UE if the corresponding bit value in the bit up to 16 ifN is 50-110 . With EPDCCH DCI format 1B , 
field is 1 , the VRB is not allocated to the UE otherwise . The 15 1D with a CRC scrambled by C - RNTI , or with DCI format 
portion of the bitmap used to address VRBs in a selected 1A with a CRC scrambled with C - RNTI , SPS C - RNTI 
RBG subset has size NRB and is defined as distributed VRB allocations for a UE vary from a single 

VRB up to NVRB VRBs if N is 6-49 and vary from 
TYPE1 = [ NRBPL / P ] - [ log ) ( P ) ] - 1 a single VRB up to 16 if N is 50-110 . With PDCCH DCI 

The addressable VRB numbers of a selected RBG subset 20 format 1C , distributed VRB allocations for a UE vary from 
N start from an offset , Ashifi ( p ) to the smallest VRB number VRB ( s ) up to [ N 2 / Nrbstep ] : N ReStep VRBs with 

within the selected RBG subset , which is mapped to the an increment step of NRB step value is deter 
MSB of the bitmap . The offset is in terms of the number of mined depending on the downlink system bandwidth as 
VRBs and is done within the selected RBG subset . If the shown in FIG . 35 ( a reproduction of Table 7.1.6.3-1 from 
value of the bit in the second field for shift of the resource 25 3GPP TS 36.213 V13.1.1 ) . 
allocation span is set to 0 , the offset for RBG subset p is For PDCCH DCI format 1A , 1B or 1D , or for EPDCCH 
given by Ashif ( p = 0 . Otherwise , the offset for RBG subset p DCI format 1A , 1B , or 1D , or for MPDCCH DCI format 
is given by Asha ( p = NRB set ( p ) -N , where the 6-1A , a type 2 resource allocation field consists of a resource 
LSB of the bitmap is justified with the highest VRB number indication value ( RIV ) corresponding to a starting resource 
within the selected RBG subset . NrB ( p ) is the 30 block ( RB start ) and a length in terms of virtually contigu 
number of VRBs in RBG subset p and can be calculated by ously allocated resource blocks L CRBs . The resource indica 
the following equation . tion value is defined by 

if ( LCRBs - 1 ) s [ NRBPL / 2 ] then 

TYPE1 

DL 

NRB 
DL 

RB 
DL 

RB 

step 
RB 

DL 
VRB 
step where NRB 2 

RBG TYPE1 
RB 2 

RBG subset 

35 NRBG subset ( p ) = = RIV = NRBPL ( L CRBs - 1 ) + RB start 

NPR DL 
RB 1 else NRK 

P2 4 · P + P , mod P 
? 

NRE N - • P + ( NRB - 1 ) modP + 1 , p = NRE - 1 mod P 40 
? DL - RB RB start 

NRB RB 1 
· P , p > mod P 

P ? 

RIV = NRBDL ( NRBPL - L CRB3 + 1 ) + ( NRBPL - 1 - RB start ) 
where L CRBR > 1 and shall not exceed N , 

For PDCCH DCI format 1C , a type 2 resource block 
assignment field consists of a resource indication value 
( RIV ) corresponding to a starting resource block ( RB start = 0 , 
NRB step , 2Nastep ( [ N , DL / NRB step ] –1 ) Nrbstep ) and a 
length in terms of virtually contiguously allocated resource 
blocks ( L CRBs = NRB step P2N , 
NR step ] .NRostep ) . 
The resource indication value is defined by : 

if ( L'CRBs - 1 ) = [ N'VRBDL / 2 ] then 

45 VRB 

Consequently , when RBG subset p is indicated , bit i for i = 0 , 
1 , ... , NRB TYPE1-1 in the bitmap field indicates VRB 
number , 

step 
RB [ NVRRPL / 

50 

RBG subset ( p ) NVRB 
i + Ashift ( p ) 

? 2 | p2 + p + P + ( + Aship ( p ) modP . 
RIV = N'VRB DL 4 ( L'CRBs - 1 ) + RB'start 

else 

DL = 6 and N , VRB 
step RB , step 

2 

NVRB DL DL = LNrRB DL - RB VRB start 

7.1.6.3 Resource Allocation Type 2 
For BL / CE UEs with resource allocation type 2 resource 55 

assignment , NR DL = 6 is used in the rest of RIV = N ' " VRRDL ( N'PRRS BPL - L CRB3 + 1 ) + ( N'VRBDL1 - RB 
this subclause . ' start ) 

In resource allocations of type 2 , the resource block where L'CRBs = LCRBS / NRB ' start = RB stard / NRB and 
assignment information indicates to a scheduled UE a set of / MRostep ] . Here , L'CRB 21 and shall not 
contiguously allocated localized virtual resource blocks or 60 exceed N ' 
distributed virtual resource blocks . In case of resource 7.1.6.4 PDSCH Starting Position 
allocation signalled with PDCCH DCI format 1A , 1B or 1D , This subclause describes PDSCH starting position for 
or for resource allocation signalled with EPDCCH DCI UEs that are not BL / CE UEs . 
format 1A , 1B , or 1D , one bit flag indicates whether PDSCH starting position for BL / CE UEs is described in 
localized virtual resource blocks or distributed virtual 65 subclause 7.1.6.4A . 
resource blocks are assigned ( value 0 indicates Localized The starting OFDM symbol for the PDSCH of each 
and value 1 indicates Distributed VRB assignment ) while activated serving cell is given by index lDataStart : 
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For a UE configured in transmission mode 1-9 , for a given otherwise 
activated serving cell 1 Datastart is given by the CFI value in the subframe of 

if the PDSCH is assigned by EPDCCH received in the the given serving cell when NREPL > 10 , and 
same serving cell , or if the UE is configured to monitor 1 DataStart is given by the CFI value + 1 in the sub 
EPDCCH in the subframe and the PDSCH is not 5 frame of the given serving cell when NRB 

if the subframe on which PDSCH is received is indicated assigned by a PDCCH / EPDCCH , and if the UE is by the higher layer parameter mbsfn - SubframeConfig configured with the higher layer parameter epdech List - r11 determined from parameter set 1 in table StartSymbol - r11 . 7.1.9-1 for the serving cell on which PDSCH is I DataStart is given by the higher - layer parameter epdcch received , or if the PDSCH is received on subframe 1 or 
StartSymbol - r11 . 6 for the frame structure type 2 , 

else if PDSCH and the corresponding PDCCH / EPDCCH 1DataStar = min ( 2 , 1'DataStart ) , 
are received on different serving cells otherwise 
1 DataStart is given by the higher - layer parameter pdsch 1 DataStart = l ' DataStart 

Start - r10 for the serving cell on which PDSCH is if the PDSCH is assigned by or semi - persistently sched 
received , uled by a PDCCH / EPDCCH with DCI format 2D , 

if the value of the higher layer parameter pdsch - Start Otherwise r11 determined from the DCI ( according to sub is given by the CFI value in the subframe of clause 7.1.9 ) for the serving cell on which PDSCH is the given serving cell when N ( > 10 , and 1 DataStart received belongs to ( 1 , 2 , 3 , 4 ) , 
is given by the CFI value + 1 in the subframe of the 20 1 Datastart is given by parameter pdsch - Start - r11 deter 
given serving cell when NRB Is10 . mined from the DCI ( according to subclause 

For a UE configured in transmission mode 10 , for a given 7.1.9 ) for the serving cell on which PDSCH is 
activated serving cell received 

if the PDSCH is assigned by a PDCCH with DCI format else , 
1C or by a PDCCH with DCI format 1A and with CRC 25 if PDSCH and the corresponding PDCCH / EPDCCH 
scrambled with P - RNTI / RA - RNTI / SI - RNTI / Tempo are received on different serving cells , 

1 Datastart is given by the higher - layer parameter 
is given by the span of the DCI given by the pdsch - Start - r10 for the serving cell on which 

PDSCH is received CFI value in the subframe of the given serving cell Otherwise according to subclause 5.3.4 of [ 4 ] . 1 Datastart is given by the CFI value in the subframe if the PDSCH is assigned by a PDCCH / EPDCCH with of the given serving cell when N , > 10 , and DCI format 1A and with CRC scrambled with C - RNTI 1 DataStart is given by the CFI value + l in the and if the PDSCH transmission is on antenna ports 0-3 subframe of the given serving cell when if the PDSCH is assigned by EPDCCH received in the NR same serving cell if the subframe on which PDSCH is received is indi 1 DataStary is given by IEPDCCHStary for the EPDCCH cated by the higher layer parameter mbsfn - Subfr 
PRB - set where EPDCCH with the DCI format 1A ameConfigList - r11 determined from the DCI ( ac 
was received ( IEPDCCHStart as defined in subclause cording to subclause 7.1.9 ) for the serving cell on 
9.1.4.1 ) , which PDSCH is received , or if the PDSCH is 

else if PDSCH and the corresponding PDCCH / EPD received on subframe 1 or 6 for frame structure type 
CCH are received on different serving cells 2 , 
1 DataStart is given by the higher - layer parameter 1 DataStar = min ( 2 , 1DataStart ) , 

pdsch - Start - r10 for the serving cell on which otherwise 
PDSCH is received . 1 DataStart = l ' DataStart 

otherwise 
1 DataStart is given by the CFI value in the subframe of 8 Physical Uplink Shared Channel Related Procedures 

the given serving cell when NRBPZ > 10 , and If the UE is configured with a SCG , the UE shall apply the 
1 DataStart is given by the CFI value + 1 in the sub procedures described in this clause for both MCG and SCG 
frame of the given serving cell when NRBP - 510 . 50 When the procedures are applied for MCG , the terms 

if the PDSCH is assigned by or semi - statically scheduled “ secondary cell ' , ' secondary cells ' , ' serving cell , 
by a PDCCH / EPDCCH with DCI format 1A and if the “ serving cells ’ in this clause refer to secondary cell , 
PDSCH transmission is on antenna port 7 secondary cells , serving cell , serving cells belonging to 

if the value of the higher layer parameter pdsch - Start - r11 the MCG respectively . 
determined from parameter set 1 in table 7.1.9-1 for the 55 When the procedures are applied for SCG , the terms 
serving cell on which PDSCH is received belongs to ' secondary cell ' , ' secondary cells ' , ' serving cell ' , 
{ 1 , 2 , 3 , 4 } , “ serving cells ' in this clause refer to secondary cell , 
1 Datastart is given by the higher layer parameter pdsch secondary cells ( not including PSCell ) , serving cell , 

Start - r11 determined from parameter set 1 in table serving cells belonging to the SCG respectively . The 
7.1.9-1 for the serving cell on which PDSCH is 60 term “ primary cell in this clause refers to the PSCell of 
received . the SCG . 

else , For a non - BL / CE UE , and for FDD and transmission 
if PDSCH and the corresponding PDCCH / EPDCCH mode 1 , there shall be 8 uplink HARQ processes per serving 

are received on different serving cells , cell for non - subframe bundling operation , i.e. normal 
1 Datastart is given by the higher - layer parameter 65 HARQ operation , and 3 uplink HARQ processes for sub 

pdsch - Start - r10 for the serving cell on which frame bundling operation when parameter e - HARQ - Pattern 
PDSCH is received r12 is set to TRUE and 4 uplink HARQ processes for 

DL 510 . 35 RB 

40 

45 
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subframe bundling operation otherwise . For a non - BL / CE recent PDCCH / EPDCCH with DCI format 4 associated with 
UE , and for FDD and transmission mode 2 , there shall be 16 the corresponding PUSCH transmission and number of 
uplink HARQ processes per serving cell for non - subframe layers corresponding to the negatively acknowledged trans 
bundling operation and there are two HARQ processes 
associated with a given subframe as described in [ 8 ] . The 5 If a UE is configured with the carrier indicator field for a 
subframe bundling operation is configured by the parameter given serving cell , the UE shall use the carrier indicator field 
ttiBundling provided by higher layers . value from the detected PDCCH / EPDCCH with uplink DCI For FDD and a BL / CE UE configured with CEModeA , format to determine the serving cell for the corresponding there shall be at most 8 uplink HARQ processes per serving PUSCH transmission . cell . For FDD and normal HARQ operation , if a PDCCH / For FDD and a BL / CE UE configured with CEModeB , 
there shall be at most 2 uplink HARQ processes per serving EPDCCH with CSI request field set to trigger an aperiodic 
cell . CSI report , as described in subclause 7.2.1 , is detected by a 

In case higher layers configure the use of subframe UE on subframe n , then on subframe n + 4 UCI is mapped on 
bundling for FDD and TDD , the subframe bundling opera- 15 the corresponding PUSCH transmission , when simultaneous 
tion is only applied to UL - SCH , such that four consecutive PUSCH and PUCCH transmission is not configured for the 
uplink subframes are used . UE . 
A BL / CE UE is not expected to be configured with < .. 

simultaneous PUSCH and PUCCH transmission . When a UE is configured with higher layer parameter 
8.0 UE Procedure for Transmitting the Physical Uplink 20 ttiBundling and configured with higher layer parameter 
Shared Channel e - HARQ - Pattern - r12 set FALSE or not configured , for 
The term " UL / DL configuration ” in this subclause refers FDD and subframe bundling operation , the UE shall upon 

to the higher layer parameter subframeAssignment unless detection of PDCCH / EPDCCH with DCI format o in 
specified otherwise . subframe n intended for the UE , and / or a PHICH transmis 

For FDD and normal HARQ operation , the UE shall upon 25 sion in subframe n - 5 intended for the UE , adjust the 
detection on a given serving cell of a PDCCH / EPDCCH corresponding first PUSCH transmission in the bundle in 
with DCI format 0/4 and / or a PHICH transmission in subframe n + 4 according to the PDCCH / EPDCCH and subframe n intended for the UE , adjust the corresponding PHICH information . 
PUSCH transmission in subframe n + 4 according to the When a UE is configured with higher layer parameter 
PDCCH / EPDCCH and PHICH information . ttiBundling and configured with higher layer parameter For FDD - TDD and normal HARQ operation and a e - HARQ - Pattern - r12 set to TRUE , for FDD and subframe PUSCH for serving cell c with frame structure type 1 , the bundling operation , the UE shall upon detection of a UE shall upon detection of a PDCCH / EPDCCH with DCI PDCCH / EPDCCH with DCI format in subframe n format 0/4 and / or a PHICH transmission in subframe n 

intended for the UE , and / or a PHICH transmission in intended for the UE , adjust the corresponding PUSCH 35 
transmission for serving cell c in subframe n + 4 according to subframe n - 1 intended for the UE , adjust the corresponding 
the PDCCH / EPDCCH and PHICH information . first PUSCH transmission in the bundle in subframe n + 4 

For normal HARQ operation , if the UE detects a PHICH according to the PDCCH / EPDCCH and PHICH informa 
transmission and if the most recent PUSCH transmission for tion . 
the same transport block was using spatial multiplexing 40 For both FDD and TDD serving cells , the NDI as sig 
according to subclause 8.0.2 and the UE does not detect a nalled on PDCCH / EPDCCH , the RV as determined in 
PDCCH / EPDCCH with DCI format 4 in subframe n subclause 8.6.1 , and the TBS as determined in subclause 
intended for the UE , the UE shall adjust the corresponding 8.6.2 , shall be delivered to higher layers . 
PUSCH retransmission in the associated subframe accord For a non - BL / CE UE , for TDD and transmission mode 1 , 
ing to the PHICH information , and using the number of 45 the number of HARQ processes per serving cell shall be 
transmission layers and precoding matrix according to the determined by the UL / DL configuration ( Table 4.2-2 of [ 3 ] ) , 
most recent PDCCH / EPDCCH , if the number of negatively as indicated in Table 8-1 . For TDD and transmission mode 
acknowledged transport blocks is equal to the number of 2 , the number of HARQ processes per serving cell for 
transport blocks indicated in the most recent PDCCH / non - subframe bundling operation shall be twice the number 
EPDCCH associated with the corresponding PUSCH . 50 determined by the UL / DL configuration ( Table 4.2-2 of [ 3 ] ) 

For normal HARQ operation , if the UE detects a PHICH as indicated in FIG . 36 ( a reproduction of Table 8-1 from 
transmission and if the most recent PUSCH transmission for 3GPP TS 36.213 V13.1.1 ) and there are two HARQ pro 
the same transport block was using spatial multiplexing cesses associated with a given subframe as described in [ 8 ] . 
according to subclause 8.0.2 and the UE does not detect a For TDD and both transmission mode 1 and transmission 
PDCCH / EPDCCH with DCI format 4 in subframe n 55 mode 2 , the “ TDD UL / DL configuration ” in FIG . 36 ( a 
intended for the UE , and if the number of negatively reproduction of Table 8-1 from 3GPP TS 36.213 V13.1.1 ) 
acknowledged transport blocks is not equal to the number of refers to the UL - reference UL / DL configuration for the 
transport blocks indicated in the most recent PDCCH / serving cell if UL - reference UL / DL configuration is defined 
EPDCCH associated with the corresponding PUSCH then for the serving cell and refers to the serving cell UL / DL 
the UE shall adjust the corresponding PUSCH retransmis- 60 configuration otherwise . 
sion in the associated subframe according to the PHICH For a BL / CE UE configured with CEModeA and for 
information , using the precoding matrix with codebook TDD , the maximum number of HARQ processes per serving 
index 0 and the number of transmission layers equal to cell shall be determined by the UL / DL configuration ( Table 
number of layers corresponding to the negatively acknowl 4.2-2 of [ 3 ] ) according to the normal HARQ operation in 
edged transport block from the most recent PDCCH / EPD- 65 Table 8-1 . For TDD a BL / CE UE configured with CEModeB 
CCH . In this case , the UL DMRS resources are calculated is not expected to support more than 2 uplink HARQ 
according to the cyclic shift field for DMRS [ 3 ] in the most processes per serving cell . 
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The scrambling initialization of this PUSCH correspond 
A UE is semi - statically configured via higher layer sig ing to these EPDCCHs and PUSCH retransmission for the 

nalling to transmit PUSCH transmissions signalled via same transport block is by SPS C - RNTI . The scrambling 
PDCCH / EPDCCH according to one of two uplink transmis initialization of initial transmission of this PUSCH without 
sion modes , denoted mode 1-2 . a corresponding EPDCCH and the PUSCH retransmission If a UE is configured by higher layers to decode PDCCHS for the same transport block is by SPS C - RNTI . 
with the CRC scrambled by the C - RNTI , the UE shall If a UE is configured by higher layers to decode MPD 
decode the PDCCH according to the combination defined in CCHs with the CRC scrambled by the SPS C - RNTI , the UE FIG . 37 ( a reproduction of Table 8-3 from 3GPP TS 36.213 
V13.1.1 ) and transmit the corresponding PUSCH . The 10 defined in Table 8-5B and transmit the corresponding shall decode the MPDCCH according to the combination 
scrambling initialization of this PUSCH corresponding to PUSCH . these PDCCHs and the PUSCH retransmission for the same The scrambling initialization of this PUSCH correspond transport block is by C - RNTI . 

If a UE is configured by higher layers to decode EPD ing to these MPDCCHs and PUSCH retransmission for the 
CCHs with the CRC scrambled by the C - RNTI , the UE shall 15 same transport block is by SPS C - RNTI . The scrambling 
decode the EPDCCH according to the combination defined initialization of initial transmission of this PUSCH without 
in Table 8-3A and transmit the corresponding PUSCH . The a corresponding MPDCCH and the PUSCH retransmission 
scrambling initialization of this PUSCH corresponding to for the same transport block is by SPS C - RNTI . 
these EPDCCHs and the PUSCH retransmission for the 
same transport block is by C - RNTI . If a UE is configured by higher layers to decode PDCCHs 

If a UE is configured by higher layers to decode MPD with the CRC scrambled by the Temporary C - RNTI regard 
CCHs with the CRC scrambled by the C - RNTI , the UE shall less of whether UE is configured or not configured to decode 
decode the MPDCCH according to the combination defined PDCCHs with the CRC scrambled by the C - RNTI , the UE 
in Table 8-3B and transmit the corresponding PUSCH . The shall decode the PDCCH according to the combination 
scrambling initialization of this PUSCH corresponding to 25 defined in FIG . 39 ( a reproduction of Table 8-6 from 3GPP 
these MPDCCHs and the PUSCH retransmission for the TS 36.213 V13.1.1 ) and transmit the corresponding PUSCH . 
same transport block is by C - RNTI . The scrambling initialization of PUSCH corresponding to 

Transmission mode 1 is the default uplink transmission these PDCCH is by Temporary C - RNTI . 
mode for a UE until the UE is assigned an uplink transmis 
sion mode by higher layer signalling . If a Temporary C - RNTI is set by higher layers , the 
When a UE configured in transmission mode 2 receives a scrambling of PUSCH corresponding to the Random Access 

DCI Format 0 uplink scheduling grant , it shall assume that Response Grant in subclause 6.2 and the PUSCH retrans 
the PUSCH transmission is associated with transport block mission for the same transport block is by Temporary 
1 and that transport block 2 is disabled . C - RNTI . Else , the scrambling of PUSCH corresponding to 
< . 35 the Random Access Response Grant in subclause 6.2 and the 
If a UE is configured by higher layers to decode PDCCHS PUSCH retransmission for the same transport block is by 

with the CRC scrambled by the C - RNTI and is also con C - RNTI . 
figured to receive random access procedures initiated by < ... > 
“ PDCCH orders ” , the UE shall decode the PDCCH accord If a UE is configured by higher layers to decode PDCCHS 
ing to the combination defined in FIG . 38 ( a reproduction of 40 with the CRC scrambled by the TPC - PUCCH - RNTI , the UE 
Table 8-4 from 3GPP TS 36.213 V13.1.1 ) . shall decode the PDCCH according to the combination 

If a UE is configured by higher layers to decode EPD defined in FIG . 40 ( a reproduction of Table 8-7 from 3GPP 
CCHs with the CRC scrambled by the C - RNTI and is also TS 36.213 V13.1.1 ) . The notation 3 / 3A implies that the UE 
configured to receive random access procedures initiated by shall receive either DCI format 3 or DCI format 3A depend 
“ PDCCH orders ” , the UE shall decode the EPDCCH 45 ing on the configuration . 
according to the combination defined in Table 8-4A . < ... > 

If a UE is configured by higher layers to decode MPD If a UE is configured by higher layers to decode PDCCHS 
CCHs with the CRC scrambled by the C - RNTI and is also with the CRC scrambled by the TPC - PUSCH - RNTI , the UE 
configured to receive random access procedures initiated by shall decode the PDCCH according to the combination 
“ PDCCH orders ” , the UE shall decode the MPDCCH 50 defined in table 8.8 . The notation 3 / 3A implies that the UE 
according to the combination defined in Table 8-4B . shall receive either DCI format 3 or DCI format 3A depend 
< ... > ing on the configuration . 
If a UE is configured by higher layers to decode PDCCHS < ... > 

with the CRC scrambled by the SPS C - RNTI , the UE shall 8.1 Resource Allocation for PDCCH / EPDCCH with Uplink 
decode the PDCCH according to the combination defined in 55 DCI Format 
Table 8-5 and transmit the corresponding PUSCH . Two resource allocation schemes Type 0 and Type 1 are 

The scrambling initialization of this PUSCH correspond supported for PDCCH / EPDCCH with uplink DCI format . 
ing to these PDCCHs and PUSCH retransmission for the Resource allocation scheme Type O or Type 2 are sup 
same transport block is by SPS C - RNTI . The scrambling ported for MPDCCH with uplink DCI format . 
initialization of initial transmission of this PUSCH without 60 If the resource allocation type bit is not present in the 
a corresponding PDCCH and the PUSCH retransmission for uplink DCI format , only resource allocation type O is sup 
the same transport block is by SPS C - RNTI . ported . 

If a UE is configured by higher layers to decode EPD If the resource allocation type bit is present in the uplink 
CCHs with the CRC scrambled by the SPS C - RNTI , the UE DCI format , the selected resource allocation type for a 
shall decode the EPDCCH according to the combination 65 decoded PDCCH / EPDCCH is indicated by a resource allo 
defined in Table 8-5A and transmit the corresponding cation type bit where type 0 is indicated by O value and type 
PUSCH . 1 is indicated otherwise . The UE shall interpret the resource 
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allocation field depending on the resource allocation type bit resource blocks within a narrowband as given in FIG . 42 ( a 
in the PDCCH / EPDCCH with uplink DCI format detected . reproduction of Table 8.1.3-1 from 3GPP TS 36.213 
8.1.1 Uplink Resource Allocation Type 0 V13.1.1 ) 
The resource allocation information for uplink resource < ... > 

allocation type O indicates to a scheduled UE a set of 5 9.1 UE Procedure for Determining Physical Downlink Con 
contiguously allocated virtual resource block indices trol Channel Assignment 
denoted by NYRB : A resource allocation field in the sched 9.1.1 PDCCH Assignment Procedure 
uling grant consists of a resource indication value ( RIV ) The control region of each serving cell consists of a set of 
corresponding to a starting resource block ( RB START ) and a CCEs , numbered from 0 to Ncce , k - 1 according to subclause 
length in terms of contiguously allocated resource blocks 10 6.8.1 in [ 3 ] , where NCCEk is the total number of CCEs in the 
( LCRBs 1 ) . For a BL / CE UE , uplink resource allocation type control region of subframe k . 
O is only applicable for UE configured with CEModeA and The UE shall monitor a set of PDCCH candidates on one 
N DL = 6 in this subclause . The resource indication value is or more activated serving cells as configured by higher layer 
defined by signalling for control information , where monitoring implies 

15 attempting to decode each of the PDCCHs in the set accord 
if ( LCRB5-1 ) = [ NRBPL / 2 ] then ing to all the monitored DCI formats . A BL / CE UE is not 

required to monitor PDCCH . 
RIV = NRBDL ( L CRB5-1 ) + RB START The set of PDCCH candidates to monitor are defined in 

terms of search spaces , where a search space S ) at aggre 
20 gation level LE { 1 , 2 , 4 , 8 } is defined by a set of PDCCH 

candidates . For each serving cell on which PDCCH is 
RIV = NRBDL ( NRBPL - L CRB3 + 1 ) + ( NRB monitored , the CCEs corresponding to PDCCH candidate m 

of the search space St ) are given by 8.1.2 Uplink Resource Allocation Type 1 
The resource allocation information for uplink resource L { ( Yz + m ' ) mod [ NCEL ] } + i 

allocation type 1 indicates to a scheduled UE two sets of where Yk is defined below , i = 0 , ... , L - 1 . For the common resource blocks with each set including one or more con search space m ' = m . For the PDCCH UE specific search secutive resource block groups of size P as given in FIG . 34 space , for the serving cell on which PDCCH is monitored , ( a reproduction of Table 7.1.6.1-1 from 3GPP TS 36.213 
V13.1.1 ) assuming NRE as the system bandwidth . A if the monitoring UE is configured with carrier indicator 

30 field then m ' = m + MU ) .nc? where nc? is the carrier indicator combinatorial index r consists of field value , else if the monitoring UE is not configured with 
carrier indicator field then m ' = m , where m = 0 , ... , ML ) -1 . 
M ( L ) is the number of PDCCH candidates to monitor in the 

[ NRBIP + 1 ] given search space . 
If a UE is configured with higher layer parameter cif 

InSchedulingCell - r13 , the carrier indicator field value cor 
bits . The bits from the resource allocation field in the responds to cif - InSchedulingCell - r13 , otherwise , the carrier 
scheduling grant represent r unless the number of bits in the indicator field value is the same as ServCelllndex given in 
resource allocation field in the scheduling grant is [ 11 ] . 

The UE shall monitor one common search space in every smaller than required to fully represent r , in which case 
the bits in the resource allocation field in the scheduling non - DRX subframe at each of the aggregation levels 4 and 

8 on the primary cell . grant occupy the LSBs of r and the value of the A UE shall monitor common search space on a cell to remaining bits of r shall be assumed to be 0 ; or 
larger than required to fully represent r , in which case r decode the PDCCHs necessary to receive MBMS on that 

occupies the LSBs of the resource allocation field in the 45 cell when configured by higher layers . 
scheduling grant . If a UE is not configured for EPDCCH monitoring , and if 

The combinatorial index r corresponds to a starting and the UE is not configured with a carrier indicator field , then 
ending RBG index of resource block set 1 , s , and s2-1 , and the UE shall monitor one PDCCH UE - specific search space 
resource block setz , S2 and s3-1 respectively , where r is at each of the aggregation levels 1 , 2 , 4 , 8 on each activated 
given by equation 50 serving cell in every non - DRX subframe . 

If a UE is not configured for EPDCCH monitoring , and if 
the UE is configured with a carrier indicator field , then the 
UE shall monitor one or more UE - specific search spaces at 

N - S ; each of the aggregation levels 1 , 2 , 4 , 8 on one or more 
55 activated serving cells as configured by higher layer signal 

ling in every non - DRX subframe . 
If a UE is configured for EPDCCH monitoring on a 

defined in subclause 7.2.1 with M = 4 and N = [ NRBUL / P ] +1 . serving cell , and if that serving cell is activated , and if the 
subclause 7.2.1 also defines ordering properties and range of UE is not configured with a carrier indicator field , then the 
values that s , ( RBG indices ) map to . Only a single RBG is 60 UE shall monitor one PDCCH UE - specific search space at 
allocated for a set at the starting RBG index if the corre each of the aggregation levels 1 , 2 , 4 , 8 on that serving cell 
sponding ending RBG index equals the starting RBG index . in all non - DRX subframes where EPDCCH is not monitored 
8.1.3 Uplink Resource Allocation Type 2 on that serving cell . 

Uplink resource allocation type 2 is only applicable for If a UE is configured for EPDCCH monitoring on a 
BL / CE UE configured with CEModeB . The resource allo- 65 serving cell , and if that serving cell is activated , and if the 
cation information for uplink resource allocation type 2 UE is configured with a carrier indicator field , then the UE 
indicates to a scheduled UE a set of contiguously allocated shall monitor one or more PDCCH UE - specific search 
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spaces at each of the aggregation levels 1 , 2 , 4 , 8 on that the given serving cell in any PDCCH UE specific search 
serving cell as configured by higher layer signalling in all space corresponding to any of the possible values of CIF for 
non - DRX subframes where EPDCCH is not monitored on the given DCI format size . 
that serving cell . If a serving cell is a LAA Scell , and if the higher layer 

The common and PDCCH UE - specific search spaces on 5 parameter subframeStartPosition for the Scell indicates 
the primary cell may overlap . 
AUE configured with the carrier indicator field associated The UE monitors PDCCH UE - specific search space can 

didates on the Scell in both the first and second slots of with monitoring PDCCH on serving cell c shall monitor 
PDCCH configured with carrier indicator field and with a subframe , and the aggregation levels defining the 
CRC scrambled by C - RNTI in the PDCCH UE specific search spaces are listed in FIG . 44 ( a reproduction of 

Table 9.1.1-1A from 3GPP TS 36.213 V13.1.1 ) ; search space of serving cell c . otherwise , AUE configured with the carrier indicator field associated The aggregation levels defining the search spaces are with monitoring PDCCH on the primary cell shall monitor listed in Table 9.1.1-1 . 
PDCCH configured with carrier indicator field and with If a serving cell is a LAA Scell , the UE may receive CRC scrambled by SPS C - RNTI in the PDCCH UE specific PDCCH with DCI CRC scrambled by CC - RNTI as search space of the primary cell . described in subclause 13A on the LAA Scell . 

The UE shall monitor the common search space for The DCI formats that the UE shall monitor depend on the 
PDCCH without carrier indicator field . configured transmission mode per each serving cell as 

For the serving cell on which PDCCH is monitored , if the 20 defined in subclause 7.1 . 
UE is not configured with a carrier indicator field , it shall If a UE is configured with higher layer parameter skip 
monitor the PDCCH UE specific search space for PDCCH MonitoringDCI - format0-1A for a serving cell , the UE is not 
without carrier indicator field , if the UE is configured with required to monitor the PDCCH with DCI Format 0 / 1A in 
a carrier indicator field it shall monitor the PDCCH UE the UE specific search space for that serving cell . 
specific search space for PDCCH with carrier indicator field . 25 If a UE is configured with higher layer parameter pdcch 

If the UE is not configured with a LAA Scell , the UE is candidateReductions for a UE specific search space at 
not expected to monitor the PDCCH of a secondary cell if aggregation level L for a serving cell , the corresponding 
it is configured to monitor PDCCH with carrier indicator number of PDCCH candidates is given by M _ ) = round ( ax 
field corresponding to that secondary cell in another serving Mfull ) ) , where the value of a is determined according to 
cell . 30 FIG . 45 ( a reproduction of Table 9.1.1-2 from 3GPP TS 

If the UE is configured with a LAA Scell , the UE is not 36.213 V13.1.1 ) and M full is determined according to FIG . 
expected to monitor the PDCCH UE specific space of the 43 ( a reproduction of Table 9.1.1-1 from 3GPP TS 36.213 
LAA SCell if it is configured to monitor PDCCH with carrier V13.1.1 ) by replacing M ( 2 ) with M , ( L ) 
indicator field corresponding to that LAA Scell in another For the common search spaces , Yk is set to 0 for the two 
serving cell , 35 aggregation levels L = 4 and L = 8 . 

where the UE is not expected to be configured to monitor For the UE - specific search space S / ) at aggregation level 
PDCCH with carrier indicator field in an LAA Scell ; L , the variable Yk is defined by 

where the UE is not expected to be scheduled with 
PDSCH starting in the second slot in a subframe in an Yx = ( A.Yx - 1 ) mod D 

LAA Scell if the UE is configured to monitor PDCCH 40 where Y_1 = nRT + 0 , A = 39827 , D = 65537 and k = [ n , / 2 ] , ng is 
with carrier indicator field corresponding to that LAA the slot number within a radio frame . 
Scell in another serving cell . The RNTI value used for nrnTi is defined in subclause 7.1 

For the serving cell on which PDCCH is monitored , the in downlink and subclause 8 in uplink . 
UE shall monitor PDCCH candidates at least for the same When it comes to NR , backward compatibility is not 
serving cell . 45 necessarily required . Numerology can be adjusted so that a 
A UE configured to monitor PDCCH candidates with reducing symbol number of a TTI would not be the only tool 

CRC scrambled by C - RNTI or SPS C - RNTI with a common to change TTI length . Using LTE numerology , as an 
payload size and with the same first CCE index ncce ( as example , it comprises 14 OFDM symbol in 1 ms and a 
described in subclause 10.1 ) but with different sets of DCI subcarrier spacing of 15 KHz . When the subcarrier spacing 
information fields as defined in [ 4 ] in the common search 50 goes to 30 KHz , under the assumption of the same FFT ( Fast 
space Fourier Transform ) size and the same Cyclic Prefix ( CP ) 
PDCCH UE Specific Search Space structure , there would be 28 OFDM symbols in 

on the primary cell shall assume that for the PDCCH Equivalently , the TTI become 0.5 ms if the number of 
candidates with CRC scrambled by C - RNTI or SPS OFDM symbol in a TTI is kept the same . This implies the 
C - RNTI , 55 design between different TTI lengths can be kept common 

if the UE is configured with the carrier indicator field with good scalability performed on the subcarrier spacing . 
associated with monitoring the PDCCH on the primary Of course , there would always be a trade - off for the sub 
cell , only the PDCCH in the common search space is carrier spacing selection , e.g. , FFT size , definition / number 
transmitted by the primary cell ; of Physical Resource Block ( PRB ) , the design of CP , or 

otherwise , only the PDCCH in the UE specific search 60 supportable system bandwidth . While NR considers a larger 
space is transmitted by the primary cell . system bandwidth and a larger coherence bandwidth , the 

A UE configured to monitor PDCCH candidates in a inclusion of a larger sub carrier spacing is contemplated . 
given serving cell with a given DCI format size with CIF , As disclosed above , it is very difficult to fulfill all the 
and CRC scrambled by C - RNTI , where the PDCCH candi diverse requirements with a single numerology . Therefore , 
dates may have one or more possible values of CIF for the 65 in early 3GPP RAN1 meetings , it was acknowledged that 
given DCI format size , shall assume that a PDCCH candi more than one numerology would be adopted . Considering 
date with the given DCI format size may be transmitted in the standardization and implementation efforts as well as the 
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multiplexing capability among different numerologies , it Enhanced mobile broadband ( MBB ) is expected to support 
would be beneficial to have some relationship between the peak data rate ( 20 Gbps for downlink and 10 Gbps for 
different numerologies such as an integral multiple relation uplink ) and user experienced data rates in the order of three 
ship . Several numerology families were raised during the times IMT ( International Mobile Telecommunications ) -Ad 
3GPP meetings with one numerology family being based on 5 vanced . On the other hand , in case of URLLC ( Ultra 
LTE 15 KHz , and other numerologies ( see Alt . 2-4 disclosed Reliable Low Latency Communication ) , the tighter require 
below ) which allows power N of 2 symbols in 1 ms : ments are put on ultra - low latency ( 0.5 ms for UL and DL 

For NR , it is necessary to support more than one values each for user plane latency ) and high reliability ( 1-10-5 
of subcarrier - spacing within 1 ms ) . Finally , mMTC ( massive Machine Type Com 
Values of subcarrier - spacing are derived from a par- 10 munications ) requires high connection density ( 1,000,000 

ticular value of subcarrier - spacing multiplied by N devices / km2 in urban environment ) , large coverage in harsh 
where N is an integer environments ( [ 164 dB ] MCL ( Maximum Coupling Loss ) ) , 
Alt . 1 : Subcarrier - spacing values include 15 kHz sub and extremely long - life battery ( 15 years ) for low cost 

carrier - spacing ( i.e. , LTE based numerology ) devices . 
Alt.2 : Subcarrier - spacing values include 17.5 kHz 15 One option provides FDM / TDM of different types for 

subcarrier - spacing with uniform symbol duration subframes and / or subbands with different subcarrier numer 
including CP length ologies ( i.e. , different subcarrier - spacing values and corre 

Alt.3 : Subcarrier - spacing values include 17.06 kHz spondingly different OFDM symbol lengths ) in a single 
subcarrier - spacing with uniform symbol duration system bandwidth of a cell where the different subcarrier 
including CP length 20 values are chosen according to the use - case specific require 

Alt.4 : Subcarrier - spacing values 21.33 kHz ments . In this case , a UE may be configured with a single 
Note : other alternatives are not precluded subcarrier numerology or multiple subcarrier numerologies , 
FFS ( For Further Study ) : the exact value of a par possibly depending upon UE capability , UE category , and 

ticular value and possible values of N UE - supported use cases . 
The values of possible subcarrier - spacing will be fur- 25 The network may provide a given numerology with 

ther narrowed - down in RAN1 # 85 . certain bandwidth and in a certain frequency location within 
Also , whether there would be restriction on the multiplier the whole system bandwidth of a cell , e.g. 100 MHz or 200 

of a given numerology family was also discussed during MHz . The bandwidth and frequency location may be 
3GPP RAN1 meetings . The power of 2 ( Alt.1 disclosed adjusted according to certain conditions such as the amount 
below ) drew some interest because it can multiplex different 30 of traffic required for each numerology , as shown in FIG . 46 . 
numerologies easier without introducing much overhead It is noted that FIG . 46 is an example for illustration 
when different numerologies are multiplexed in time purposes and the bandwidth for a given numerology may be 
domain : non - contiguous in frequency domain as well . Therefore , 
RAN1 will continue further study and conclude between when a UE is configured with a numerology , there still 

following alternatives in the next meeting 35 requires additional consideration to determine whether or 
Alt . 1 : how the UE knows the bandwidth partition including the 

The subcarrier spacing for the NR scalable numerology bandwidth and / or frequency location for a given numerol 
should scale as ogy , and the UE can correctly derives resource allocation for 

data transmission or reception . 
fse = f * 2m Accordingly , the following messages or channels can be 
where used to carry the information regarding bandwidth partition 

f , is FFS to a UE . In one embodiment , information regarding band 
m is an integer chosen from a set of possible values width partition is signaled by the Physical Broadcast Chan 

Alt . 2 : nel ( PBCH ) and / or System Information Block ( SIB ) . The 
The subcarrier spacing for the NR scalable numerology 45 information regarding bandwidth partition for all numerolo 

should scale as gies is signaled on a specific numerology . More specifically , 
the specific numerology is the numerology with which the 

fse = fo * M UE detects the corresponding synchronization signal . Alter 
where natively , the information is signaled on a per numerology 

f , is FFS 50 basis . That is , a numerology would provide its own band 
Mis an integer chosen from a set of possible positive width partition in PBCH and / or SIB on the numerology . 

values . Before receiving the bandwidth partition information for 
Usually , RAN1 works in a band agnostic manner so that a numerology , the UE assumes a default bandwidth partition 

a scheme / feature would be assumed to be applicable for all on the numerology . An example of the default bandwidth 
frequency bands . In the following RAN4 , a group would 55 partition includes a fixed bandwidth and a frequency loca 
derive relevant test case considering whether some combi tion derived from the synchronization signal . More specifi 
nations are unrealistic or whether deployment can be done cally , the frequency location would be derived from a system 
reasonably . This rule would still be assumed in NR , but bandwidth of a cell ( e.g. the total bandwidth for all numer 
some companies do see that there would be restrictions as ologies ) , in addition to synchronization . In one embodiment , 
the frequency range of NR is quite high : 60 synchronization would determine a first frequency location . 

For the study of NR , RAN1 assumes that multiple ( but not The first frequency location and an offset value would 
cessarily all ) OFDM numerologies can apply to the determine a second frequency location . The default band 

same frequency range width locates in the second frequency location ( center 
Note : RAN1 does not assume to apply very low value frequency or starting frequency ) . More specifically , the 

of subcarrier spacing to very high carrier frequency . 65 offset value is determined from the total system bandwidth . 
The above - discussed use cases for NR have diverse Alternatively , the offset value is determined from informa 

requirements in terms of data rates , latency , and coverage . tion carried on the MIB or SIB . 
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In another embodiment , MIB would indicate a first band mission based on the numerology that the UE is configured 
width partition of a numerology . The first bandwidth parti with . The UE can ignore a scheduling if the total resource 
tion allows a UE to receive some common signaling , such as allocated for the UE is larger than what UE is able to receive 
the SIB , on the numerology . The common signal would or if the bandwidth indicated is larger than what UE is able 
further indicate a second bandwidth partition of the numer 5 to receive . Alternatively , the UE can receive data according 
ology . A subsequent UE reception would follow the second to a scheduling if total resources allocated for the UE is 
bandwidth partition . larger than what UE is able to receive or if a bandwidth 

In yet another alternative , information regarding a band indicated is larger than what UE is able to receive . More 
width is signalled by Radio Resource Control ( RRC ) mes specifically , the UE would receive the data within a maxi 
sage . The MIB or SIB would indicate a first bandwidth 10 mum bandwidth that can be received by the UE and it does 
partition of a first numerology . The first bandwidth partition not receive the data outside the maximum bandwidth . The 
allows the UE to receive at least some common signaling , UE may need a way to decide which part of the received data 
such as SIB , on the first numerology . The first bandwidth is a valid resource to be counted in the maximum bandwidth . 
partition would be utilized and after entering the connected In one example , the UE counts the maximum bandwidth 
mode , a UE - specific RRC would further indicate a second 15 starting from the resource block with lowest frequency 
bandwidth partition of the first numerology . A subsequent within the resource allocation . In another example , the UE 
UE reception would utilize the second bandwidth partition . counts the maximum bandwidth starting from the resource 
If the second bandwidth partition of the first numerology is block with highest frequency within the resource allocation . 
absent , the UE would continue to use the first bandwidth In some or all of the above - disclosed embodiments , 
partition . 20 messages or channels can be combined to carry the infor 

In another embodiment , the MIB or SIB would indicate a mation regarding bandwidth partition to a UE . That is , the 
first bandwidth partition of a first numerology . The first information regarding bandwidth partition can be carried on 
bandwidth partition allows the UE to receive at least some one or more of the messages or channels in parallel and / or 
common signaling , such as the SIB , on the first numerology . a part of the information can be carried in one message or 
The first bandwidth partition would be utilized and after 25 channel while the remaining part can be carried in one or 
entering the connected mode , a UE - specific RRC message more messages or channels . Furthermore , the embodiments 
would further configure a second numerology and a second or any combination thereof can all be enhanced on basis of 
bandwidth partition of the second numerology . A subsequent the following features . 
UE reception would be on the second numerology following In one embodiment , the indication comprises a bandwidth 
the second bandwidth partition . 30 portion index associated with a resource allocation within 

In an alternate embodiment , the physical control channel the bandwidth portion . In one embodiment , a number of the 
can be used to carry the information of the bandwidth bandwidth portion is fixed . Alternatively , the number of 
partition . In one embodiment , the information can be used bandwidth portion is configured by a network . In another 
for a single TTI . Alternatively , the information can be used alternative , the number of bandwidth portion is derived from 
for multiple TTIs . More specifically , the multiple TTIs are 35 a system bandwidth . More specifically , the number of band 
within a fixed duration . Alternatively , the multiple TTIs start width portion is equal to the system bandwidth divided by 
at predefined timing . Alternatively , the multiple TTIs start a the maximum bandwidth that can be received by a UE with 
predetermined number X TTIs after receiving the physical the numerology . For example , if the system bandwidth is 
control channel . Alternatively , the information can be used 100 MHz and the maximum bandwidth for a numerology is 
until new information is received . In one embodiment , the 40 20 MHz , there would be 5 bandwidth portions for the 
information is transmitted together with scheduling infor numerology . The value may be rounded up if the system 
mation . The scheduling information is for DL data . Alter bandwidth cannot be equally divided by the maximum 
natively , the information is transmitted on a specific physical bandwidth . Using the previous example , if the system band 
control channel which does not comprise scheduling infor width is 100 MHz and a second numerology whose maxi 
mation . Preferably , the information includes bandwidth par- 45 mum bandwidth is 40 MHz , the resulting value ( 2.5 ) would 
tition for all available numerologies . Alternatively , the infor be rounded up to 3 bandwidth portions for the second 
mation includes bandwidth partition for single numerology . Different numerologies may have different 
numerology . More specifically , the single numerology is the maximum bandwidths , which results in different values for 
numerology UE is configured with . Alternatively , the single the bandwidth portion . 
numerology is the numerology UE decodes a corresponding 50 Alternatively , the bandwidth of bandwidth portion is 
physical control channel with . Alternatively , the single configured by RRC . In another alternative , the bandwidth of 
numerology is indicated in the same physical control chan bandwidth portion is fixed . In another alternative , the band 
nel . width portion may be indexed from the lower frequency , 

In another embodiment , a UE - specific RRC message higher frequency , or the center frequency . 
would configure a first bandwidth partition of a first numer- 55 In some embodiments , the resource allocation within the 
ology . A subsequent UE reception would be on the first bandwidth portion is done via a bit map . Alternatively , the 
numerology following the first bandwidth partition . A physi resource allocation within the bandwidth portion is done by 
cal control channel can further indicate a second numerol a value indicating starting position and a bandwidth of the 
ogy and a second bandwidth partition of the second numer resource allocation . Alternatively , the resource allocation 
ology . A subsequent UE reception would be on the second 60 within the bandwidth portion is done by a value indicating 
numerology following the second bandwidth partition . the starting position ( s ) and the ending position ( s ) of the 

In another alternative embodiment , a whole system band resource allocation . 
width of a cell can be considered as potential candidates for In another embodiment , the resource allocation granular 
a numerology . In one embodiment , the maximum bandwidth ity differs depending upon the numerology . More specifi 
that a UE can receive with the numerology is less than the 65 cally , a numerology with larger subcarrier spacing would 
system bandwidth of a cell . The network indicates to the UE have a finer granularity of resource allocation than a numer 
which resource blocks would be utilized for the data trans ology with a smaller subcarrier spacing . In one embodiment , 

a 
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the number of PRBs within a resource scheduling unit would width portions . In these embodiments , the different band 
be different for different numerologies . By way of example width portions do not overlap each other . Alternatively , the 
but not of limitation , the number of PRBs within a resource different bandwidth portions overlap each other . In one 
scheduling unit for a numerology with a larger subcarrier exemplary embodiment , the number of bandwidth portion is 
spacing would be less than a numerology with a smaller 5 fixed . In other embodiments , the number of bandwidth 
subcarrier spacing . portions is configured by the network . Alternatively , the 

In another embodiment , the number of subcarriers within number of bandwidth portion is derived from the system 
a resource scheduling unit would be different for different bandwidth . More specifically , the number of bandwidth 
numerologies . More specifically , the number of subcarriers portions is equal to the system bandwidth divided by the 
within a resource scheduling unit for a numerology with a 10 maximum bandwidth that can be received by a UE with the 
larger subcarrier spacing would be less than a numerology numerology with the possible number of bandwidth portions 
with a smaller subcarrier spacing . In one non - limiting rounded up if the system bandwidth cannot be equally 
example , a numerology with 30 KHz subcarrier spacing divided by the maximum bandwidth . For example , if the 
would have 48 subcarriers as a scheduling unit and a system bandwidth is 100 MHz and the maximum bandwidth 
numerology with 60 KHz subcarrier spacing would have 24 15 for a numerology is 20 MHz , there would be 5 bandwidth 
subcarriers as a scheduling unit . There may be inverse portions for the numerology . Using the previous example , if 
proportional relationship between the numbers of subcarrier / the system bandwidth is 100 MHz and a second numerology 
PRB in resource units for different numerologies . For whose maximum bandwidth is 40 MHz , the resulting value 
example , a numerology with X KHz subcarrier spacing ( 2.5 ) would be rounded up to 3 bandwidth portions for the 
would have Y subcarriers as a scheduling unit , and a 20 second numerology . 
numerology with 2X KHz subcarrier spacing would have Different numerology may have different maximum band 
Y / 2 subcarriers as a scheduling unit . In one embodiment , a widths , which results in different numbers of bandwidth 
bitmap can be transmitted with a numerology configured for portions . Alternatively , the bandwidth of the bandwidth 
a UE , and the bitmap also can be used for indicating which portion is configured by the RRC . Alternatively , the band 
resource unit is allocated for the UE . 25 width of bandwidth portion is fixed . In one embodiment , the 

In one exemplary embodiment , a value can be used for resource allocation within the bandwidth portion is done via 
indicating which resource unit is allocated for a UE and a bitmap . Alternatively , the resource allocation within the 
transmitted with the numerology configured for the UE , e.g. , bandwidth portion is done by a value indicating a starting 
the starting position of the resource unit is allocated for the position and a bandwidth of the resource allocation . Alter 
UE and / or length of the allocation . 30 natively , the resource allocation within the bandwidth por 

In another exemplary embodiment , the number of a tion is done by a value indicating a starting position ( s ) and 
subcarrier within a resource unit is a function of a system an ending position ( s ) of the resource allocation . In one 
bandwidth . More specifically , the number of subcarrier exemplary embod ent , the control channel resource is all 
within a resource unit is a function of a numerology . the resources carrying the control channel . Alternatively , the 
As discussed in the above - disclosed embodiments , the UE 35 control channel resource is a part of the resources carrying 

may choose to receive part of the resource allocation if the the control channel . In other words , the part of the resources 
allocated resource exceeds what the UE is able to receive . In carrying the control channel is defined as the resource with 
one example , the UE counts the maximum bandwidth start the lowest frequency . Alternatively , the part of the resources 
ing from the resource block with lowest frequency within carrying the control channel is defined as the resource with 
the resource allocation . In another example , the UE counts 40 the lowest index . 
the maximum bandwidth starting from the resource block As those skilled in the art will appreciate , any combina 
with highest frequency within the resource allocation . tions of the above - disclosed embodiments can be used to 

In another embodiment , the UE determines the bandwidth form a new method to signal the information regarding the 
partition according to the resource when a corresponding bandwidth partition . 
control channel is decoded . There would be an association 45 The content of bandwidth partition information of a 
between a bandwidth portion and a resource for a control numerology may be a frequency location and a bandwidth 
channel . When the UE decodes the control channel in a for the numerology . 
certain resource , the UE realizes a corresponding data sched In one embodiment , a frequency location is defined as the 
uled by the control channel would be transmitted within a frequency location of a center resource block of the band 
bandwidth portion associated with the resource . More spe- 50 width partition for the numerology . Alternatively , the fre 
cifically , the control channel would carry resource allocation quency location is defined as the frequency location of a 
within the associated bandwidth portion to let UE know resource block with the lowest frequency of the bandwidth 
which resource block is allocated to the UE and the allocated partition for the numerology . Alternatively , the frequency 
resource block ( s ) is transmitted with the numerology UE location is defined as a frequency location of a resource 
configured with . In one embodiment , the association is 55 block with highest frequency of the bandwidth partition for 
configured by the RRC . Alternatively , the association is the the numerology . 
bandwidth portion associated with a control channel In one embodiment , the different numerologies may use 

different types of frequency locations . By way of example 
In one exemplary embodiment , the control channel but not of limitation , a first frequency location of first 

resource would spread across the system bandwidth . Alter- 60 numerology is given by a frequency location of a center 
natively , the control channel resource would spread across a resource block of the bandwidth partition for the first 
configured bandwidth . In another exemplary embodiment , numerology , and a second frequency location of a second 
the UE would attempt to decode the control channel on numerology is given by a frequency location of a resource 
multiple control channel resources that are associated with block with the lowest frequency of the bandwidth partition 
the same bandwidth portion . Alternatively , the UE would 65 for the second numerology . 
attempt to decode the control channel on multiple control The bandwidth may be expressed in the unit of a resource 
channel resources that are associated with different band block . In one exemplary embodiment , the resource block is 

resource . 

Samsung Exhibit 1001, Page 64 of 69 
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc. 

IPR2024-01273



US 10,785,759 B2 
47 48 

a physical resource block . In one exemplary embodiment , a resource block with the highest frequency of the band 
the resource blocks using the numerology is contiguous in width partition for the numerology . 
the frequency domain . Different numerologies may use different types of fre 

The content of bandwidth partition information of a quency locations . In one exemplary embodiment , a first 
numerology may be a frequency location for the numerol- 5 frequency location of a first numerology is given by a 
ogy . In one embodiment , the frequency location is a fre frequency location of a center resource block of the band 
quency location of a center resource block of the bandwidth width partition for the first numerology . The second fre 
partition for the numerology . Alternatively , the frequency quency location of a second numerology is given by a 
location is a frequency location of a resource block with frequency location of a resource block with the lowest 
lowest frequency of the bandwidth partition for the numer 10 frequency of the bandwidth partition for the second numer 

ology . ology . In another alternative , the frequency location is a Each consecutive frequency resource ( cluster ) of a numer frequency location of a resource block with highest fre 
of the bandwidth partition for the numerology . ology can be identified by one starting position , one ending quency position , and the resource block between the starting and Different numerologies may use different type of fre 15 ending positions . If the resource blocks using the numerol quency location . In one embodiment , a first frequency ogy are contiguous in the frequency domain , one starting 

location of a first numerology is given by a frequency position and one ending position can be used to identify 
location of a center resource block of the bandwidth parti which resource block ( s ) uses the numerology . Alternatively , 
tion for the first numerology . The second frequency location if resource blocks using the numerology are contiguous in 
of a second numerology is given by a frequency location of 20 the frequency domain , multiple starting positions and mul 
a resource block with lowest frequency of the bandwidth tiple ending positions can be used to identify which resource 
partition for the second numerology . block ( s ) uses the numerology . 

In one embodiment , the bandwidth of the numerology is In one exemplary embodiment , the starting position and 
a predefined value . The predefined value is a maximum ending position can be indicated by a sum of the binomial 
bandwidth UE supports , for example , due to FFT size . 25 coefficients . The sum of the binomial coefficients can be 
Alternatively , the predefined value is a maximum bandwidth used to indicate starting position and ending position of 
of the numerology . In another alternative , the predefined multiple numerologies . 
value is a bandwidth indicated in system information . In yet In one embodiment , the number of the starting position 
another alternative , the predefined value is derived from a and / or ending position can be configured by RRC . In another 
total system bandwidth . More specifically , the predefined 30 embodiment , the number of the starting position and / or 
value is a bandwidth of the total system bandwidth equally ending position can be broadcasted in the system informa 
divided by a number of available numerology . The available tion . In yet another embodiment , the number of the starting 
numerology means the network supports the numerology . position and / or ending position can be a fixed value . In 
Alternatively , the available numerology means the network another embodiment , the number of the starting position 
is transmitting with the numerology . 35 and / or ending position is determined according to the num 
The content of the bandwidth partition information of a ber of the available numerology . In another embodiment , the 

numerology may be a bandwidth for the numerology . The number of the starting position and / or ending position is 
bandwidth may be expressed in the unit of a resource block . signaled together with the sum of the binomial coefficients . 

In an exemplary embodiment , the resource block is a Each resource block or a group of resource blocks is 
physical resource block . 40 represented by a bit in a bitmap . There is one bit map 

In an exemplary embodiment , the resource blocks of the associated with a numerology . If a bit in a bitmap is set to 
bandwidth part for the numerology is contiguous in the one , a resource block or a group of resource blocks corre 
frequency domain . sponding to the bit would use the numerology associated 

In one embodiment , a frequency location is the frequency with the bitmap . 
location of a center resource block of the bandwidth parti- 45 It is contemplated that the above alternatives can be 
tion for the numerology . Alternatively , the frequency loca combined to form new methods to express bandwidth par 
tion is a frequency location of a resource block with lowest tition information . Also , any of the methods expressing 
frequency of the bandwidth partition for the numerology . In bandwidth partition information can be associated with any 
yet another alternative , the frequency location is a frequency combination of the above - disclosed methods to signal the 
location of a resource block with highest frequency of the 50 information regarding the bandwidth partition . 
bandwidth partition for the numerology . In one exemplary embodiment , the bandwidth partitions 

The frequency location of the numerology is predefined . information may be for all numerologies the cell is trans 
In one embodiment , the frequency location is indicated by mitting . Alternatively , the bandwidth partitions information 
the system information . In another embodiment , the fre may be for a specific numerology . In another embodiment , 
quency location is derived from synchronization and an 55 the specific numerology is the numerology being used by the 
offset value , which is indicated by the system information . UE . In yet another embodiment , the specific numerology is 
Alternatively , the offset value is determined according to a the numerology that the UE is interested in . 
total system bandwidth . As disclosed above , the network may want to update the 

In still another embodiment , the frequency location is bandwidth partitions of the numerologies according to some 
fixed . In one exemplary embodiment , the frequency location 60 criteria , e.g. , the traffic amount on each numerology . If the 
is a resource block with the lowest frequency among all the information is updated frequently , the network needs to 
resource blocks within the system bandwidth . The resource transmit the new bandwidth partition information frequently . 
block may be a resource block with the lowest frequency of Also , the transition of adjusting the bandwidth would be 
the bandwidth partition for the numerology . In another much more frequent . Accordingly , a virtual bandwidth par 
exemplary embodiment , the frequency location is a resource 65 tition can be utilized to solve the frequent update issue . 
block with the highest frequency among all the resource If an evolved Node B ( eNB ) does not intend to schedule 
blocks within the system bandwidth . The resource block is a UE outside the bandwidth partition of a numerology 

Samsung Exhibit 1001, Page 65 of 69 
Samsung Electronics Co., Ltd. v. Asus Technology Licensing Inc. 

IPR2024-01273



US 10,785,759 B2 
49 50 

configured for the UE , the eNB does not have to update the embodiment , the bandwidth portion is indicated by a broad 
bandwidth partition configuration of the numerology of the cast channel and may be updated by a UE - specific RRC 
UE . The UE may have a different understanding of the real message . In still another embodiment , the bandwidth portion 
numerology bandwidth ; thus , the UE should not make any is indicated by a UE - specific RRC message and may be 
assumption on what numerology is used for a resource block 5 updated by a physical control channel . 
outside the scheduled resource even if the resource block is In the various embodiments , the bandwidth is indicated within the configured bandwidth partition of the numerol by a broadcast channel . In another embodiment , the band 
ogy . For example , if a UE is configured with a resource width is indicated by a UE - specific RRC message . In 
block 20-80 for a numerology with a 30 KHz subcarrier 
spacing and is scheduled with resource block 31-60 in a TTI , 10 cal control channel . In still another embodiment , the band another embodiment , the bandwidth is indicated by a physi 
the UE can receive the data in resource block 31-60 with width is indicated by a broadcast channel and may be numerology 1 in the TTI . The UE should not assume that 
resource block 20-30 and resource block 61-80 are trans updated by a UE - specific RRC message . In still another 
mitted with numerology 1 in the TTI . For example , the UE embodiment , the bandwidth is indicated by a UE - specific 

RRC should not assume there is reference signal for measurement 15 and message may be updated by a physical control 
in resource block 20-30 and resource block 61-80 with channel . 
numerology 1. In another example , the UE should not In the various embodiments , the frequency location is 
assume that there is a reference signal in resource block indicated by a broadcast channel . In another embodiment , 
20-30 and resource block 61-80 with numerology 1 for the frequency location is indicated by a UE - specific RRC 
demodulation . If in the TTI and the CSI - RS ( Channel State 20 message . In another embodiment , the frequency location is 
Information - Reference Signal ) is configured , the UE does indicated by a physical control channel . In still another 
not perform a CSI ( Channel State Information ) measurement embodiment , the frequency location is indicated by a broad 
on resource block 20-30 and resource block 61-80 , but rather cast channel and may be updated by a UE - specific RRC 
the UE performs a measurement within resource block message . In still another embodiment , the frequency loca 
31-60 . An illustration of this example is shown in FIG . 47. 25 tion is indicated by a UE - specific RRC message and may be 
As disclosed in the specification , the bandwidth portion updated by a physical control channel . 

may be defined as a set of resources in the frequency In the various embodiments , in particular that described in 
domain . connection with FIG . 48 , further alternatively or additionally 
FIG . 48 is a flow chart 4800 according to one exemplary preferably the numerology is configured by a UE - specific 

embodiment from the perspective of a UE . In step 4805 , the 30 RRC message . Further alternatively or additionally prefer 
UE receives information for a numerology , wherein the ably , the numerology is indicated by a physical control 
information comprises a frequency location and a band channel . Further alternatively or additionally preferably , the 
width . In step 4810 , the UE derives a resource allocation for numerology is indicated by a UE - specific RRC message and 
the numerology based on the frequency location and the may be updated by a physical control channel . 
bandwidth . FIG . 49 is a flow chart 4900 according to another exem 

In another embodiment , the UE is configured with a plary embodiment from the perspective of a network . In step 
system bandwidth . In one another embodiment , the system 4905 , the network informs the UE information for a numer 
bandwidth may be larger than the bandwidth . In the various ology , wherein the information comprises a bandwidth por 
methods , the frequency location may be an index of a tion for the numerology . In step 4910 , the network schedules 
resource block . In another method , the resource allocation 40 the UE with a resource allocation for the numerology within 
allocates the resource within a bandwidth portion . In one the bandwidth portion in a transmission time interval ( TTI ) . 
embodiment , the bandwidth portion is derived from the In the various embodiments , the bandwidth portion com 
frequency location and the bandwidth . prises a frequency location and a bandwidth . In another 

In the various embodiments , the frequency location is an embodiment , the bandwidth portion comprises a frequency 
index of the resource block with the lowest frequency within 45 location . In still another embodiment , the bandwidth portion 
the bandwidth portion . Alternatively , the frequency location comprises a bandwidth . 
is an index of the resource block with the highest frequency In the various embodiments , the bandwidth portion is 
within the bandwidth portion . In another alternative , the indicated by a broadcast channel . In another embodiment , 
frequency location is an index of the resource block with the bandwidth portion is indicated by a UE - specific RRC 
central frequency within the bandwidth portion . 50 message . In another embodiment , the bandwidth portion is 

In the various embodiments , the bandwidth is a fixed indicated by a physical control channel . In still another 
bandwidth . Alternatively , the bandwidth is a configured embodiment , the bandwidth portion is indicated by a broad 
bandwidth . Alternatively , the bandwidth is the maximum cast channel and may be updated by a UE - specific RRC 
bandwidth for the numerology . In yet another alternative , the message . In still another embodiment , the bandwidth portion 
bandwidth is the maximum bandwidth the UE is able to 55 is indicated by a UE - specific RRC message and may be 
receive for the numerology . updated by a physical control channel . 

In the various embodiments , the resource allocation is In the various embodiments , in particular that described in 
done by a bitmap . Alternatively , the resource allocation is connection with FIG . 49 , further alternatively or additionally 
done by a value indicating the starting position and a length preferably the numerology is configured by a UE - specific 
of the resource allocation . 60 RRC message . Further alternatively or additionally prefer 

In the various embodiments , the bandwidth is consecutive ably , the numerology is indicated by a physical control 
in frequency domain . channel . Further alternatively or additionally preferably , the 

In the various embodiments , the bandwidth portion is numerology is indicated by a UE - specific RRC message and 
indicated by a broadcast channel . In another embodiment , may be updated by a physical control channel . 
the bandwidth portion is indicated by a UE - specific RRC 65 In one method , the UE does not assume that a resource 
message . In another embodiment , the bandwidth portion is block within the bandwidth portion and outside the resource 
indicated by a physical control channel . In still another allocation is transmitted with the numerology in the TTI . 
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In another method , the UE does not perform measurement and chips that may be referenced throughout the above 
on resource block ( s ) within the bandwidth portion and description may be represented by voltages , currents , elec 
outside the resource allocation . tromagnetic waves , magnetic fields or particles , optical 

In yet another method , the UE does not perform demodu fields or particles , or any combination thereof . 
lation with the reference signal on the resource block ( s ) 5 Those of skill would further appreciate that the various 
within the bandwidth portion and outside the resource illustrative logical blocks , modules , processors , means , cir 
allocation . cuits , and algorithm steps described in connection with the 

In another method , the measurement is a channel state aspects disclosed herein may be implemented as electronic 
information ( CSI ) measurement . In some methods , if the UE hardware ( e.g. , a digital implementation , an analog imple 
is configured with CSI - RS in the TTI , the UE measures 10 mentation , or a combination of the two , which may be 
CSI - RS within the bandwidth portion and outside the designed using source coding or some other technique ) , 
resource allocation . In some methods , if the UE is config various forms of program or design code incorporating 
ured with CSI - RS in the TTI , the UE measures CSI - RS instructions ( which may be referred to herein , for conve 
within the resource allocation . In yet another method , the nience , as " software ” or a " software module ” ) , or combi 
network would transmit a second numerology different from 15 nations of both . To clearly illustrate this interchangeability 
the numerology within the bandwidth portion . of hardware and software , various illustrative components , 

Referring back to FIGS . 3 and 4 , in one embodiment , the blocks , modules , circuits , and steps have been described 
device 300 includes a program code 312 stored in memory above generally in terms of their functionality . Whether such 
310. The CPU 308 could execute program code 312 to functionality is implemented as hardware or software 
enable the UE ( i ) to receive information for a numerology , 20 depends upon the particular application and design con 
wherein the information comprises a frequency location and straints imposed on the overall system . Skilled artisans may 
a bandwidth ; ( ii ) to derive a resource allocation for the implement the described functionality in varying ways for 
numerology based on the frequency location and the band each particular application , but such implementation deci 
width . sions should not be interpreted as causing a departure from 

In another embodiment , the CPU 308 could execute 25 the scope of the present disclosure . 
program code 312 to enable the network ( i ) to configure the In addition , the various illustrative logical blocks , mod 
UE with a numerology ; ( ii ) to configure the UE with a ules , and circuits described in connection with the aspects 
bandwidth portion for the numerology schedule a transmis disclosed herein may be implemented within or performed 
sion or a reception for the UE based on the information ; and by an integrated circuit ( “ IC ” ) , an access terminal , or an 
( iii ) to schedule the UE with a resource allocation with the 30 access point . The IC may comprise a general purpose 
bandwidth in a transmission time interval ( TTI ) , wherein the processor , a digital signal processor ( DSP ) , an application 
UE does not assume that a resource block within the specific integrated circuit ( ASIC ) , a field programmable gate 
bandwidth portion and outside the resource allocation is array ( FPGA ) or other programmable logic device , discrete 
transmitted with the numerology in the TTI . gate or transistor logic , discrete hardware components , elec 

In another embodiment , the CPU 308 could execute 35 trical components , optical components , mechanical compo 
program code 312 to enable the network ( i ) to inform the UE nents , or any combination thereof designed to perform the 
information for a numerology , wherein the information functions described herein , and may execute codes or 
comprises a bandwidth portion for the numerology ; and ( ii ) instructions that reside within the IC , outside of the IC , or 
to schedule the UE with a resource allocation for the both . A general purpose processor may be a microprocessor , 
numerology with the bandwidth in a TTI . 40 but in the alternative , the processor may be any conventional 

Furthermore , the CPU 308 can execute the program code processor , controller , microcontroller , or state machine . A 
312 to perform all of the above - described actions and steps processor may also be implemented as a combination of 
or others methods described herein . computing devices , e.g. , a combination of a DSP and a 

Various aspects of the disclosure have been described microprocessor , a plurality of microprocessors , one or more 
above . It should be apparent that the teachings herein may 45 microprocessors in conjunction with a DSP core , or any 
be embodied in a wide variety of forms and that any specific other such configuration . 
structure , function , or both being disclosed herein is merely It is understood that any specific order or hierarchy of 
representative . Based on the teachings herein one skilled in steps in any disclosed process is an example of a sample 
the art should appreciate that an aspect disclosed herein may approach . Based upon design preferences , it is understood 
be implemented independently of any other aspects and that 50 that the specific order or hierarchy of steps in the processes 
two or more of these aspects may be combined in various may be rearranged while remaining within the scope of the 
ways . For example , an apparatus may be implemented or a present disclosure . The accompanying method claims pres 
method may be practiced using any number of the aspects ent elements of the various steps in a sample order , and are 
set forth herein . In addition , such an apparatus may be not meant to be limited to the specific order or hierarchy 
implemented or such a method may be practiced using other 55 presented . 
structure , functionality , or structure and functionality in The steps of a method or algorithm described in connec 
addition to or other than one or more of the aspects set forth tion with the aspects disclosed herein may be embodied 
herein . As an example of some of the above concepts , in directly in hardware , in a software module executed by a 
some aspects concurrent channels may be established based processor , or in a combination of the two . A software module 
on pulse repetition frequencies . In some aspects concurrent 60 ( e.g. , including executable instructions and related data ) and 
channels may be established based on pulse position or other data may reside in a data memory such as RAM 
offsets . In some aspects concurrent channels may be estab memory , flash memory , ROM memory , EPROM memory , 
lished based on time hopping sequences . EEPROM memory , registers , a hard disk , a removable disk , 

Those of skill in the art would understand that information a CD - ROM , or any other form of computer - readable storage 
and signals may be represented using any of a variety of 65 medium known in the art . A sample storage medium may be 
different technologies and techniques . For example , data , coupled to a machine such as , for example , a computer / 
instructions , commands , information , signals , bits , symbols , processor ( which may be referred to herein , for convenience , 
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as a “ processor ” ) such the processor can read information 4. The method of claim 1 , wherein the first frequency 
( e.g. , code ) from and write information to the storage location is an index of a resource block . 
medium . A sample storage medium may be integral to the 5. The method of claim 1 , further comprising : 
processor . The processor and the storage medium may reside receiving , by the UE , second information for a second 
in an ASIC . The ASIC may reside in user equipment . In the 5 numerology associated with a second subcarrier spac 
alternative , the processor and the storage medium may ing , wherein the second information comprises a sec 
reside as discrete components in user equipment . Moreover , ond frequency location and a second bandwidth for the 
in some aspects any suitable computer - program product may second numerology and deriving , by the UE , a second 
comprise a computer - readable medium comprising codes resource allocation for a second PDSCH or a second 
relating to one or more of the aspects of the disclosure . In 10 PUSCH for the second numerology within a second 
some aspects a computer program product may comprise bandwidth portion based on the PDCCH , the second 
packaging materials . frequency location and the second bandwidth . 

While the invention has been described in connection 6. The method of claim 1 , wherein the first frequency 
with various aspects , it will be understood that the invention location is an index of a resource block with a central 
is capable of further modifications . This application is 15 frequency within the first bandwidth portion . 
intended to cover any variations , uses or adaptation of the 7. The method of claim 6 , the first bandwidth portion is 
invention following , in general , the principles of the inven derived from the first frequency location and the first band 
tion , and including such departures from the present disclo width . 
sure as come within the known and customary practice 8. The method of claim 1 , wherein the first bandwidth and 
within the art to which the invention pertains . 20 the first frequency location is configured by UE - specific 

RRC message . 
The invention claimed is : 9. The method of claim 1 , wherein the first bandwidth and 
1. A method for determining numerology bandwidth , the the first frequency location is indicated by a physical control 

method comprising : channel . 
receiving , by a user equipment ( UE ) , information for a 25 10. The method of claim 1 , wherein the first numerology 

first numerology associated with a first subcarrier spac is indicated by a physical control channel . 
ing , wherein the information comprises a first fre 11. The method of claim 1 , wherein the first bandwidth is 
quency location and a first bandwidth for the first a maximum bandwidth for the first numerology . 
numerology for a physical downlink shared channel 12. The method of claim 1 , wherein the first bandwidth is 
( PDSCH ) or a physical uplink shared channel 30 a maximum bandwidth that the UE is able to receive for the 
( PUSCH ) ; first numerology . 

detecting a physical downlink control channel ( PDCCH ) , 13. A User Equipment ( UE ) capable of determining 
wherein the PDCCH is associated with the PDSCH or numerology bandwidth , comprising : 
the PUSCH ; a control circuit ; 

deriving , by the UE , a first bandwidth portion based on the 35 a processor installed in the control circuit ; and 
first frequency location and the first bandwidth for the a memory installed in the control circuit and coupled to 
first numerology , and the processor , 

deriving , by the UE , a resource allocation scheduled by a wherein the processor is configured to execute a program 
network and carried by the PDCCH for the PDSCH or code stored in the memory to : 
the PUSCH for the first numerology within the first 40 receive information for a first numerology associated 
bandwidth portion based on the PDCCH , the first with a first subcarrier spacing , wherein the informa 
frequency location and the first bandwidth , wherein the tion comprises a first frequency location and a first 
resource allocation within the first bandwidth portion is bandwidth for the first numerology for a physical 
done via a bit map indicating which resource unit downlink shared channel ( PDSCH ) or a physical 
within the first bandwidth portion is allocated for the 45 uplink shared channel ( PUSCH ) ; 
UE . detect a physical downlink control channel ( PDCCH ) , 

2. The method of claim 1 , further comprising : wherein the PDCCH is associated with the PDSCH 
configuring , by the UE , a system bandwidth . or the PUSCH ; 
3. The method of claim 1 , comprising : derive a first bandwidth portion based on the first 
receiving , by the UE , second information for a second 50 frequency location and the first bandwidth for the 

numerology associated with a second subcarrier spac first numerology ; and 
ing , wherein the second information comprises a sec derive a resource allocation scheduled by a network 
ond frequency location and a second bandwidth for the and carried by the PDCCH for the PDSCH or the 
second numerology for a second PDSCH or a second PUSCH for the first numerology within the first 
PUSCH ; bandwidth portion based on the PDCCH , the first 

detecting a second PDCCH , wherein the second PDCCH frequency location and the first bandwidth , wherein 
is associated with the second PDSCH or the second the resource allocation within the first bandwidth 
PUSCH ; portion is done via a bit map indicating which 

deriving , by the UE , a second bandwidth portion based on resource unit within the first bandwidth portion is 
the second frequency location and the second band- 60 allocated for the UE . 
width for the second numerology ; and 14. The UE of claim 13 , wherein the UE configures a 

deriving , by the UE , a second resource allocation sched system bandwidth . 
uled by a second network and carried by the second 15. The UE of claim 14 , wherein the system bandwidth is 
PDCCH for the second PDSCH or the second PUSCH larger than the first bandwidth . 
for the second numerology within the second band- 65 16. The UE of claim 13 , wherein the processor is further 
width portion based on the second PDCCH , the second configured to execute a second program code stored in the 
frequency location and the second bandwidth . memory to : 

55 
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55 
receive second information for a second numerology 

associated with a second subcarrier spacing , wherein 
the second information comprises a second frequency 
location and a second bandwidth for the second numer 
ology and deriving , by the UE , a second resource 
allocation for a second PDSCH or a second PUSCH for 
the second numerology within a second bandwidth 
portion based on the PDCCH , the second frequency 
location and the second bandwidth . 

17. The UE of claim 13 , wherein the first bandwidth is a 10 
configured bandwidth for the first numerology . 
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