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Description 
Title of Invention: METHOD AND APPARATUS FOR 

REFERENCE SIGNAL TRANSMITTING AND RECEIVING IN 

ACTIVE ANTENNA SYSTEMS 
Technical Field 

[l] The present disclosure relates to a field of mobile communication systems, and more 

particularly to a method and apparatus for reference signal transmitting and receiving 

in active antenna systems. 

Background Art 
[2] In mobile communication systems, the wireless fading channels are time-varying. In 

order to effectively detect signals, channel information is needed to implement relevant 

detection. In order to obtain the channel information, the base station transmits the 

signals or sequences, which are known to the UE, via wireless channels. And the UE 

obtains the channel information via detecting the known signals or sequences. The 

known signals or sequences are called pilot signals or reference signals. 

[3] A Long Term Evolution/ Long Term Evolution-Advanced (LTE/LTE-A) system is a 

typical correlation detection system. There are seven kinds of pilot signals or reference 

signals according to the purposes as described below. 

[ 4] A Cell-specific Reference Signal (CRS) is used for data demodulation of PBCH, 

PDCCH, and some of PDSCHs, measurement of Channel State Information (CSI) of 

downlink shared channel (PDSCH) of transmission modes 1 to 8. 

[5] A Multimedia Broadcast Multicast Service Single Frequency Network Reference 

Signal (MBSFN- RS) is used for data demodulation of a Multicast Channel (MCH). 

[6] A downlink User Equipment-specific Reference Signal (DMRS) is used for data de-

modulation of PDSCH of transmission modes 7 to 10. 

[7] A Channel State Information Reference Signal (CSI-RS) is used for measurement of 

the CSI for PDSCH of transmission modes 9 to 10. 

[8] A Positioning Reference Signal (PRS) is used for performing positioning function. 

[9] An uplink Demodulation Reference Signal (DMRS) is used for data demodulation of 

physical uplink shared channel (PUSCH) and physical uplink control channel 

(PUCCH). 

[10] An uplink Sounding Reference Signal (SRS) is used for measurement of uplink CSI 

and obtaining downlink channel information via channel reciprocity for TDD systems. 

[11] Besides CSI measurement, data demodulation and synchronization assistance, the 

CRS is further used for measurement of Reference Signal Receive Power 

(RSRP/RSRQ) to implement path loss estimation, cell association, etc. 
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[12] Reference signal received power (RSRP/RSRQ), is defined as the linear average over 

the power contributions (in [W]) of the resource elements that carry cell-specific 

reference signals within the considered measurement frequency bandwidth. 

[13] For RSRP/RSRQ determination the cell-specific reference signals RO according to 

TS 36.211 shall be used. If the UE can reliably detect that Rl is available it may use 

Rl in addition to RO to determine RSRP/RSRQ, where RO and Rl are reference signal 

of CRS port 0 and port 1, respectively. 

[14] Reference Signal Received Quality (RSRQ) is defined as the ratio KxRSRP/RSRQ / 

(E-UTRA carrier RSSI), where K is the number of RB's of the E-UTRA carrier RSSI 

measurement bandwidth. The measurements in the numerator and denominator shall 

be made over the same set of resource blocks. 

[15] E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear 

average of the total received power (in [W]) observed only in OFDM symbols 

containing reference symbols for antenna port 0, in the measurement bandwidth, over 

K number of resource blocks by the UE from all sources, including co-channel serving 

and non-serving cells, adjacent channel interference, thermal noise etc. If higher-layer 

signalling indicates certain subframes for performing RSRQ measurements, then RSSI 

is measured over all OFDM symbols in the indicated subframes. 

[16] An antenna port is defined such that the channel over which a symbol on the antenna 

port is conveyed can be inferred from the channel over which another symbol on the 

same antenna port is conveyed. There is not necessarily a one-to-one relationship 

between the antenna port and physical antenna. The signal of each antenna port may be 

transmitted by combining signals over one antenna or multiple antennas. This process 

is called port virtualization. 

[17] With development of antenna technologies, particularly active antenna array tech-

nologies, physical antenna elements are not only distributed in a horizontal dimension, 

but also distributed in both the vertical dimension and the horizontal dimension to form 

a 2-Dimension (2-D) antenna array. As shown in Fig. 1 and Fig. 2, Fig. 1 is a 

schematic diagram illustrating structure of an active antenna cross-polarized 2-D 

antenna array in accordance with an embodiment of the prior art. Fig. 2 is a schematic 

diagram illustrating structure of a co-polarized 2-D antenna array in accordance with 

an embodiment of the prior art. N is the number of antennas in a horizontal co­

polarized direction and M is the number of antennas in the vertical dimension. 

[18] Using the 2-D antenna array, thevertical beamforming and/or dynamic vertical sec-

torization is possible. Narrow beams, which directly point to the UE or avoid interfere 

to the UE using the same time frequency resource, are generated in the vertical 

dimension via multiplexing different weighting factor to each antenna. Therefore, the 

received signal power may be improved or the interference to the other UEs using the 
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same time frequency resources may be avoided. 

[19] At present, although the LTE/LTE-A system supports that different reference signals 

may adopt different port virtualization methods, in the LTE/LTE-A specification, only 

passive antenna array is only taken into consideration in standardization process, the 

characteristics of the active antenna array are not taken into consideration. 

[20] For the convenience of description, the wireless communication system with the 

active antenna array is called an active antenna system hereinafter. In order to obtain a 

vertical beamforming gain, a DE-specific vertical beamforming technology may be 

adopted for PDSCH. In order to ensure that UE in anywhere of a cell can receive the 

CRS, a cell-specific vertical beamforming vector may be adopted in the vertical 

dimension. In this way, the transmission of the CRS and transmission of data, which is 

measured based on the CSI-RS or demodulated based on the DMRSDMRS, may have 

different beamforming gains in the vertical dimension, resulting in different received 

signal strength. Fig. 3 is a diagram illustrating that the CRS and the PDSCH, which is 

measured based on the CSI-RS or demodulated based on the DMRS, adopt different 

vertical beamforming in accordance with an embodiment in the prior art. 

[21] In LTE/LTE-A systems, cell association is implemented based on a Reference Signal 

Receiving Power RSRP/RSRQ value reported measured based on CRS port 0. Since 

the CRS and PDSCH, which is measured based on the CSI-RS or demodulated based 

on the DMRS, are transmitted with different vertical beamforming technologies, the 

cell association may be not suitable for PDSCH, which is measured based on the CSI­

RS or demodulated based on the DMRS. 

[22] Fig. 4 is a diagram illustrating the transmission of the CRS in accordance with an 

embodiment in the prior art. As shown in Fig. 4, the CRS is virtualized with a fixed 

vertical beamforming vector. Generally, in order to control interference to the adjacent 

cells, a down-tilt angle may be to be formed. For instance, in the typical Urban Marco 

(UMa) scenario, the base station (BS) antenna height is 25m, and the inter-site distance 

is 500m. The UEs are distributed outdoor or in low buildings with height of 18~ 24m. 

The 90 degree represents the horizontal direction, the O degree represents vertically 

pointing to the sky, and the 180 degree presents vertically pointing to the ground. 

Then, electronic down-tilt of CRS is 102 degree. In that case, the CRS vertical antenna 

array gain received by the UE is much small if the UE antenna height is larger than or 

equal to the BS antenna height. The signal strength of the CRS received by the UE is 

relatively weak no matter of accessing which cell. The CRS receiving for these UEs 

are in deep spatial fading. 

[23] On the other hand, the RSRP/RSRQ value measured based on the CRS port O is used 

to estimate the path loss value for the uplink power control. Inappropriate RSRP/ 

RSRQ report may affect performance of the uplink control in the active antenna 
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systems. In LTE/LTE-A standardization with passive antennas, it is assumed that the 

uplink path loss and downlink path loss is approximately symmetrical. This is because 

in the passive antenna system, the uplink channel and downlink channel may ex­

perience the same large-scale fading and similar antenna array gain. However, in the 

active antenna systems adopting the vertical beamforming, if the CRS adopts the fixed 

vertical beamforming, while the Maximal Ratio Combining (MRC) detection is used in 

the uplink receiving, the antenna gains for the uplink and downlink are asymmetric. 

Therefore, the downlink path loss estimated with the RSRP/RSRQ value is sig­

nificantly different from the actual uplink path loss and the uplink power control per­

formance may be further affected. 

Disclosure of Invention 

Technical Problem 
[24] In view of the above, embodiments of the present disclosure provide reference signal 

transmitting and receiving methods in the active antenna systems. With these methods, 

the coverage problem of CRS signal and physical broadcast channel (PBCH)/physical 

downlink control channel (PDCCH)/physical downlink shared channel (PDSCH) de­

modulated based on CRS and the problem of measurement for radio resource 

management (RRM) in the active antenna systems may be avoided. 

[25] Embodiments of the present disclosure further provide reference signal transmitting 

and receiving devices in the active antenna system. With these devices, the coverage 

problem of CRS signal and physical broadcast channel (PBCH)/physical downlink 

control channel (PDCCH)/physical downlink shared channel (PDSCH) demodulated 

based on CRS and the problem of measurement for radio resource management (RRM) 

in the active antenna systems may be avoided. 

Solution to Problem 
[26] According to the above objectives, the present disclosure is implemented as follows. 

[27] A reference signal transmitting method in an active antenna system includes: 

[28] setting number of Cell-specific Reference Signal (CRS) ports and transmitting a noti-

fication of number of the CRS ports, wherein the number of the CRS ports is larger 

than 1; 

[29] precoding a reference signal with a different precoding vector for each of the CRS 

ports, wherein number of elements in the precoding vector is equal to number of 

transmit antennas, which correspond to the CRS ports; and 

[30] transmitting the precoded reference signal for the each of the CRS ports over a corre-

sponding frequency-time resource. 

[31] A reference signal receiving method in an active antenna system includes: 

[32] receiving a notification of number of Cell-specific Reference Signal (CRS) ports, 
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wherein the number of the CRS ports is larger than 1; and 

[33] receiving a reference signal over a time-frequency resource. 

[34] A reference signal transmitting device in an active antenna system includes: 

[35] a notification module, to set number of Cell-specific Reference Signal (CRS) ports 

and transmit a notification of number of the CRS ports, wherein the number of the 

CRS ports is larger than 1; 

[36] a precoding module, to precode a reference signal with a different precoding vector 

for each of the CRS ports, wherein number of elements in the precoding vector is equal 

to number of transmit antennas, which correspond to the CRS ports; and 

[37] a transmitting module, to transmit the precoded reference signal for the each of the 

CRS ports over a corresponding frequency-time resource. 

[38] A reference signal receiving device in an active antenna system includes: 

[39] a signaling receiving module, to receive a notification of number of Cell-specific 

Reference Signal (CRS) ports, wherein the number of the CRS ports is larger than 1; 

and 

[40] a signal receiving module, to receive a reference signal over a time-frequency 

resource. 

[ 41] It can be seen from the above technical scheme that embodiments of the present 

disclosure implement port virtualization to transmit antennas via using multiple CRS 

antenna ports and applying different vertical beamforming vectors to the different CRS 

antenna ports. When the UE reports the RSRP/RSRQ value, the UE simultaneously 

reports the information of the CRS antenna ports. Therefore, the problems of unsat­

isfactory CRS signal coverage and RSRP/RSRQ report in the active antenna system 

may be solved. Specifically, following problems may be solved. 1) Differences 

between transmission signal coverage of the CRS and transmission signal coverage of 

data, which is measured based on the CSI-RS or demodulated based on the DMRS 

may be reduced or avoided. 2) The problem that differences between the vertical 

beamforming technologies adopted by the CSI-RS or DMRS and that adopted by the 

CRS make it inappropriate for the UE to access a cell may be avoided. 3) It may be 

avoided that when the UE with a specific-height antenna receives the data signal and/ 

or control signal, which are demodulated based on the CRS, the vertical antenna array 

gain is in a deep spatial fading state. 

Brief Description of Drawings 
[42] Fig. 1 is a schematic diagram illustrating structure of an active cross-polarized 2-D 

antenna array in accordance with an embodiment of the prior art; 

[ 43] Fig. 2 is a schematic diagram illustrating structure of a co-polarized 2-D antenna 

array in accordance with an embodiment of the prior art; 
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[44] Fig. 3 is a diagram illustrating that the CRS and the PDSCH, which is measured 

based on the CSI-RS or demodulated based on the DMRS, adopt different vertical 

beamforming for port virtualization in accordance with an embodiment in the prior art; 

[ 45] Fig. 4 is a diagram illustrating the transmission of the CRS in accordance with an 

embodiment in the prior art; 

[ 46] Fig. 5 is a flow chart illustrating a reference signal transmitting method in an active 

antenna system in accordance with an embodiment of the present disclosure; 

[ 47] Fig. 6 is a flow chart illustrating a reference signal receiving method in an active 

antenna system in accordance with an embodiment of the present disclosure; 

[ 48] Fig. 7 is a schematic diagram illustrating structure of a reference signal transmitting 

device in an active antenna system in accordance with an embodiment of the present 

disclosure; 

[ 49] Fig. 8 is a schematic diagram illustrating structure of a reference signal receiving 

device in an active antenna system in accordance with an embodiment of the present 

disclosure; 

[50] Fig. 9 is a flow chart illustrating a reference signal transmitting method in an active 

antenna system in accordance with a first embodiment of the present disclosure; 

[51] Fig. 10 is a schematic diagram illustrating a CRS transmitting process in the physical 

layer in accordance with a first embodiment of the present disclosure; 

[52] Fig. 11 is a diagram illustrating a CRS time-frequency resource pattern in accordance 

with a first embodiment of the present disclosure; 

[53] Fig. 12 is a flow chart illustrating a reference signal transmitting method in an active 

antenna system in accordance with a second embodiment of the present disclosure; 

[54] Fig. 13 is a diagram illustrating the process of PBCH/PDCCH/PDSCH, which is de-

modulated based on a CRS, in accordance with a second embodiment of the present 

disclosure; 

[55] Fig. 14 is a flow chart illustrating a reference signal receiving method in an active 

antenna system in accordance with a third embodiment of the present disclosure; 

[56] Fig. 15 is a diagram illustrating a CRS time-frequency resource pattern in accordance 

with a third embodiment of the present disclosure; 

[57] Fig. 16 is a flow chart illustrating a reference signal transmitting method in an active 

antenna system in accordance with a fourth embodiment of the present disclosure; 

[58] Fig. 17 is a flow chart illustrating a first method for determining specific DE-specific 

information/configuration in accordance with a fourth embodiment of the present 

disclosure; 

[59] Fig. 18 is a flow chart illustrating a second method for determining the specific UE-

specific information/configuration in accordance with a fourth embodiment of the 

present disclosure; 
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[60] Fig. 19 is a diagram illustrating determination of DE-specific CSI-RS resource con-

figuration with RSRP/RSRQ values in accordance with a fourth embodiment of the 

present disclosure; and 

[61] Fig. 20 is a flow chart illustrating a third method for determining the specific UE-

specific information/configuration in accordance with a fourth embodiment of the 

present disclosure. 

Mode for the Invention 
[62] To make the objective and technical solution of the merits of the present disclosure 

more apparent, the present disclosure may be described in detail with reference to ac­

companying Fig.s. 

[63] In the active antenna system, following problems are caused when the reference 

signal is transmitted or received. 1) Coverage differences between CRS and PBCH/ 

PDCCH/PDSCH demodulated based on CRS transmission and Enhanced PDCCH 

(E-PDCCH)/PDSCH signal transmission, which is measured based on the CSI-RS or 

demodulated based on the DMRS may be occurred. 2) Cell association using RSRP/ 

RSRQ measured from CRS may not guarantee the best performance in PDSCH/ 

EPDCCH reception due to different beamforming gains between CRS and PDSCH/ 

EPDCCH/DMRS for port virtualization. 3) A fixed vertical weighted vector is used by 

CRS while the UE is distributed in a large range of height, which leads to deep spatial 

fading for some UEs of CRS/PBCH/PDCCH/PDSCH demodulated based on the CRS. 

Therefore, in order to avoid the above problems, an embodiment of the present 

disclosure using multiple CRS ports. Port virtualization to transmit antennas may be 

implemented for multiple Cell-specific Reference Signal (CRS) antenna ports and 

applying different vertical beamforming vectors to implement port virtualization for 

the different CRS antenna ports. When the User Equipment (UE) reports the maximum 

RSRP/RSRQ values measured based on multiple CRS ports, or the UE simultaneously 

reports multiple RSRP/RSRQ values and the information of the multiple CRS antenna 

ports. 

[64] Further, on the premise that a same channel measurement effect is obtained, the 

method and device provided by embodiments may reduce the resource of CSI-RS, 

which are used by the UE to perform CSI measurement, and may reduce the path loss 

estimation error RSRP/RSRQ for uplink power control. 

[65] Fig. 5 is a flow chart illustrating a reference signal transmitting method in an active 

antenna system in accordance with an embodiment of the present disclosure. The 

blocks are as follows. 

[ 66] AT block 501, number of CRS ports is set and a notification of the number of the 

CRS ports is transmitted. The number of the CRS ports is larger than one. 
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[67] At block 502, a reference signal for each CRS port is precoded with a different 

precoding vector. Number of elements in the precoding vector is equal to number of 

transmit antennas, which correspond to the CRS ports. 

[68] At block 503, the precoded reference signal for the each CRS port is transmitted over 

a time-frequency resource. 

[69] After block 503, the method further includes: 

[70] receiving RSRP/RSRQ information and/or CRS port information. Number of RSRP/ 

RSRQ values in the RSRP/RSRQ information is larger than or equal to 1. 

[71] After block 502 and before block 503, the method further includes: 

[72] respectively precoding a data signal and/or control signal corresponding to the each 

CRS port based on the precoding vector adopted by the each CRS port. 

[73] When block 503 is performed, the precoded data signal and/or control signal is 

transmitted over the time-frequency resource. 

[74] Fig. 6 is a flow chart illustrating a reference signal receiving method in an active 

antenna system in accordance with an embodiment of the present disclosure. The 

blocks are as follows. 

[75] At block 601, a notification of number of CRS ports is received. The number of the 

CRS ports is larger than 1. 

[76] At block 602, a precoded reference signal is received over a time-frequency resource. 

[77] This method further includes: obtaining RSRP/RSRQ information and/or CRS port 

information by measurement based on the CRS ports. Number of RSRP/RSRQ values 

in the RSRP/RSRQ information is larger than 1 or equal to 1. 

[78] The method further includes: receiving a precoded data signal and/or control signal 

over the time-frequency resource. 

[79] Fig. 7 is a schematic diagram illustrating structure of a reference signal transmitting 

device in an active antenna system in accordance with an embodiment of the present 

disclosure. As shown in Fig. 7, the reference signal transmitting device includes: a no­

tification module, a precoding module and a transmitting module. 

[80] The notification module is to set number of CRS ports and transmit a notification of 

the number of the CRS ports. The number of the CRS ports is larger than 1. 

[81] The precoding module is to precode a reference signal with a different precoding 

vector for each CRS port. Number of elements in the precoding vector is equal to 

number of transmit antennas, which correspond to the CRS ports. 

[82] The transmitting module is to transmit the precoded reference signal for the each 

CRS port over a time-frequency resource. 

[83] The reference signal transmitting device further includes a RSRP/RSRQ receiving 

module. The RSRP/RSRQ receiving module is to receive RSRP/RSRQ information 

and/or CRS port information. Number of RSRP/RSRQ values in the RSRP/RSRQ in-
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formation is larger than or equal to 1. 

[84] In this reference signal transmitting device, the precoding module is further to re-

spectively precode a data signal and/or control signal corresponding to each CRS port 

based on the precoding vector adopted by the each CRS port. 

[85] The transmitting module is further to transmit the precoded data signal and/or control 

over the time-frequency resource. 

[86] In this reference signal transmitting device, the RSRP/RSRQ receiving module is 

further to determine specific DE-specific information/configuration according to the 

RSRP/RSRQ information and/or CRS port information. 

[87] Fig. 8 is a schematic diagram illustrating structure of a reference signal receiving 

device in an active antenna system in accordance with an embodiment of the present 

disclosure. As shown in Fig. 8, the reference signal receiving device includes: a 

signaling receiving module and a signal receiving module. 

[88] The signaling receiving module is to receive a notification of number of CRS ports. 

The number of the CRS port is larger than 1. 

[89] The signal receiving module is to receive a precoded reference signal over a time-

frequency resource. 

[90] The reference signal receiving device further includes: a measurement report module. 

The measurement report module is to obtain RSRP/RSRQ information and/or CRS 

port information by measurement based on the CRS ports and transmit the RSRP/ 

RSRQ information and/or CRS port information. Number of RSRP/RSRQ values in 

the RSRP/RSRQ information is larger than or equal to 1. 

[91] In the reference signal receiving device, the signal receiving module is further to 

receive a precoded data signal and/or control signal over the time-frequency resource. 

[92] The present disclosure is described hereinafter in detail with reference to several 

specific embodiments. 

[93] Embodiment one 

[94] Fig. 9 is a flow chart illustrating a reference signal transmitting method in an active 

antenna system in accordance with a first embodiment of the present disclosure. 

Blocks are as follows. 

[95] At block 901, the number of CRS ports is set and a notification of the number of the 

CRS ports is transmitted. The number of the CRS ports is larger than one. 

[96] At this block, the notification of the number of the CRS ports may be performed in 

an implicit way. Specifically, the notification of the number of the CRS ports is im­

plicitly performed by different Physical Broadcast Channel (PBCH) Cyclic Re­

dundancy Check (CRC) scrambling codes. After the CRC attachment of PBCH, the 

CRC bits are scrambled according to the eNodeB transmit antenna configuration with 

the sequence as indicated in Table 1, Thus, the CRS port index can be determined 
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[97] 

[98] 

based on CRC mask at the UE side. 

Table 1 

[Table l] 

Number of transmit antenna 

ports at eNodeB 

1 

2 

4 

PBCH CRC mask<Xant,O, Xant,l, ... , Xant,15> 

<0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0> 

<l, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, l> 

<0, 1,0, 1,0, 1,0, 1,0, 1,0, 1,0, 1,0, l> 

In the active antenna systems, the number of the CRS ports is a positive integer, 

which is larger than 1. The base station may determine the number of CRS ports con­

sidering CRS overheads and the UE distribution of , d and transmit the notification of 

the number of the CRS ports. For instance, in typical UMa scenarios, the BS antenna 

height of a base station antenna is 25m. The inter-site distance is 500m. The UEs are 

distributed outdoor or distributed in low buildings with height of 18-24m. All vertical 

leaving angles of the UE are larger than 90 degree (The 90 degree represents a 

horizontal direction. The O degree represents vertically pointing to the sky. The 180 

degree presents vertically pointing to the ground). Considering the CRS overhead and 

UE distribution, the number of the CRS ports may be set as 2. 

[99] At block 902, a reference signal for each CRS port is precoded with a different 

precoding vector. Number of elements in the precoding vector is equal to number of 

transmit antennas, which correspond to the CRS ports. 

[100] At this block, the CRS port adopts a different precoding vector to implement port Vlf-

tualization to transmit antennas. Fig. 10 is a schematic diagram illustrating a CRS 

transmitting process in the physical layer in accordance with a first embodiment of the 

present disclosure. The port virtualization to transmit antennas refers to precoding the 

reference signal for the CRS port with a precoding vector. The number of elements in 

the precoding vector is equal to the number of transmit antennas, which transmitting 

the same CRS. 

[101] Take the typical UMa for example, assuming a physical antenna configuration is 

cross-polarized 2-D antenna array, M=lO and N=l. Both the two polarization di­

rections include M antenna groups distributed in the vertical dimension, i.e. antenna 

group O and antenna group 1. Suppose the distance between two transmit antennas is 

half-wavelength. The virtualization from signals of CRS port Oto the antenna group 0 

is implemented via the precoding vector W _ [ co) co) co) ] r. The virtu-
o - WO W 1 ··· W M-1 

alization from signals of CRS port 1 to the antenna group 1 is implemented via the 
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W = [ (1) (1) (1) ] r. (p) 1 _ 2IT , dv denotes the 
1 w o w 1 ---WM-1 w =-- exp(-1--m · d · cos8) 

m VM J)c v p 

distance between the vertical antennas, p denotes the index of CRS port, m denotes the 

m-th element of the precoding vectors, e denotes the down-tilt angle corresponding 
p 

to the p-th port. For instance, the electronic down-tilt angle corresponding to the port 0 

is 102 degree, and the electronic down-tilt angle corresponding to port 1 is 95 degree. 

[102] At block 903, the precoded reference signal for each CRS port is transmitted over the 

time-frequency resource. 

[103] At this block, Fig. 11 is a diagram illustrating a CRS time-frequency resource pattern 

in accordance with a first embodiment of the present disclosure. 

[104] At block 904, RSRP/RSRQ information and/or CRS port information is received. 

Number of RSRP/RSRQ values in the RSRP/RSRQ information is larger than or equal 

to 1. 

[105] At this block, the RSRP/RSRQ information and/or CRS port information may be an 

RSRP/RSRQ value measured by a CRS port with the maximum receiving power and 

the corresponding CRS port index. As shown in table 2, the reporting range of RSRP/ 

RSRQ is defined from -140 dBm to -44 dBm with 1 dB resolution. The mapping of 

measured quantity and CRS port index may be mapped in Table 2. 4 RSRP/RSRQ 

states indicating the number of the CRS antenna ports may be reported RSRP/RSRQ 

simultaneously with RSRP/RSRQ value. 

[ 106] Table 2 
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[Table 2] 

Reported value Measured quantity value Unit 

RSRP/RSRQ _00 RSRP/RSRQ-140 dBm 

RSRP/RSRQ _01 -140 < RSRP/RSRQ < - dBm 

139 

RSRP/RSRQ _02 -139 < RSRP/RSRQ < - dBm 

138 

... ... ... 

RSRP/RSRQ _95 -46 < RSRP/RSRQ < -45 dBm 

RSRP/RSRQ _96 -45 < RSRP/RSRQ < -44 dBm 

RSRP/RSRQ _97 -44 < RSRP/RSRQ dBm 

RSRP/RSRQ _98 PortO 

RSRP/RSRQ _99 Port 1 

RSRP/RSRQ_ 100 Port2 

RSRP/RSRQ_ 101 Port 3 

[107] As shown in table 3, the RSRP/RSRQ information and/or CRS port information may 

further be the RSRP/RSRQ value measured by the port. 

[108] Table 3 

Samsung Exhibit 1005, Page 14 of 36



13 

WO 2015/199414 PCT/KR2015/006369 

[Table 3] 

Reported value Measured quantity value Unit 

RSRP/RSRQ _00 Port 0 RSRP/RSRQ < -140 dBm 

RSRP/RSRQ _01 Port 0 -140 < RSRP/RSRQ < - dBm 

139 

RSRP/RSRQ _02 Port 0 -139 < RSRP/RSRQ < - dBm 

138 

... ... ... 

RSRP/RSRQ _95 Port 0 -46 < RSRP/RSRQ < -45 dBm 

RSRP/RSRQ _96 Port 0 -45 < RSRP/RSRQ < -44 dBm 

RSRP/RSRQ _97 Port 0 -44 < RSRP/RSRQ dBm 

RSRP/RSRQ _98 Port 1 RSRP/RSRQ < -140 dBm 

RSRP/RSRQ _99 Port 1 -140 < RSRP/RSRQ < - dBm 

139 

RSRP/RSRQ_ 100 Port 1 -139 < RSRP/RSRQ < - dBm 

138 

... ... ... 

RSRP/RSRQ_ 183 Port 1 -46 < RSRP/RSRQ < -45 dBm 

RSRP/RSRQ_ 184 Port 1 -45 < RSRP/RSRQ < -44 dBm 

RSRP/RSRQ_ 185 Port 1 -44 < RSRP/RSRQ dBm 

... ... ... 

[109] The RSRP/RSRQ information and/or CRS port information may further be the 

RSRP/RSRQ value measured by the CRS port 0 or a relative RSRP/RSRQ value of 

another port to that of the CRS port 0. 

[110] The RSRP/RSRQ information and/or CRS port information may further be the 

RSRP/RSRQ values measured by K CRS ports. K is larger than 1 and less than total 

number of the CRS antenna ports. Corresponding antenna port index is also reported. 

[111] With the above processing, since different CRS ports adopt different vertical 

beamforming, UE which is not covered by the beam of the CRS port 0, may be 

covered by the beam of another CRS port. Therefore, it may be reduced or avoided that 

when the terminal with the specific-height antenna receives the CRS, the vertical 

antenna gain remains at the deep spatial fading state for a long time of given UE. 
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[112] In this embodiment, the received RSRP/RSRQ information and/or CRS port in-

formation provides not only the information of the RSRP/RSRQ value measured based 

on the CRS port with the maximum receiving power, but also the port information cor­

responding to the RSRP/RSRQ value measured based on the CRS port with the 

maximum receiving power. The BS may implement subsequent optimization for 

PBCH/PDCCH/PDSCH transmission, cell association, uplink power control, etc. with 

the above information. 

[113] Embodiment two 

[114] Fig. 12 is a flow chart illustrating a reference signal transmitting method in an active 

antenna system in accordance with a second embodiment of the present disclosure. 

Specific blocks are as follows. 

[115] At block 1201, number of CRS ports is set and a notification of the number of the 

CRS ports is transmitted. The number of the CRS ports is larger than one. 

[116] At block 1202, a reference signal for each CRS port is precoded with a different 

precoding vector. Number of elements in the precoding vector is equal to number of 

transmit antennas, which correspond to the CRS ports. 

[117] At block 1203, a data signal and/or control signal corresponding to the each CRS 

port is respectively precoded based on the precoding vector adopted by the each CRS 

port. Number of elements in the precoding vector is equal to number of transmit 

antennas, which transmit the data signal and/or control signal. 

[118] At this block, port virtualization to transmit antenna processing is performed for 

PBCH/PDCCH/PDSCH, which is demodulated based on the CRS, using the precoding 

vectors corresponding to the CRS ports. The physical layer processing process of 

PBCH/PDCCH/PDSCH, which is demodulated based on the CRS, is shown in Fig. 13. 

Fig. 13 is a diagram illustrating a physical layer processing of PBCH/PDCCH/PDSCH, 

which is demodulated based on CRS, in accordance with the second embodiment of 

the present disclosure. For instance, the CRS of port 0 adopts the precoding vector WO 

to implement the port virtualization to transmit antennas. The PBCH/PDCCH/PDSCH 

over port 0 also implements the port virtualization to transmit antennas with the same 

precoding vector. Other ports adopt similar processing. 

[119] At block 1204, the precoded reference signal for the each CRS port and the precoded 

data signal and/or control signal for the each CRS port are transmitted over the time­

frequency resource. 

[120] At block 1205, the RSRP/RSRQ information and/or CRS port information is 

received. Number of RSRP/RSRQ values in the RSRP/RSRQ information is larger 

than or equal to 1. 

[121] With the method shown in Fig. 12, since the reference signal and PBCH/ 

PDCCH/PDSCH, which is demodulated based on the CRS of each CRS port adopt 
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different vertical beamforming, UE, which is not covered by the beam of the CRS port 

0, may be covered by the beam of another CRS ports. Therefore, it may be reduced or 

avoided that the deep spatial fading problem may be reduced or avoided. Thus, the 

coverage of PBCH/PDCCH/PDSCH, which is demodulated based on the CRS, is 

improved. 

[122] Embodiment three 

[123] Fig. 14 is a flow chart illustrating a reference signal receiving method in an active 

antenna system in accordance with a third embodiment of the present disclosure. 

Specific blocks are as follows. 

[124] At block 1401, a notification of number of CRS ports is received. The number of the 

CRS port is larger than 1. 

[125] At this block, the number of antenna ports may be determined according to PBCH 

scrambling mask via decoding the signals of the PBCH over the CRS port 0. 

[126] At block 1402, a precoded reference signal is received over a time-frequency 

resource. 

[127] As exclusively used at this block, the precoded reference signal may be received 

according to the CRS time-frequency resource pattern shown in Fig. 15. Fig. 15 is a 

diagram illustrating a CRS time-frequency resource pattern in accordance with a third 

embodiment of the present disclosure. 

[128] At block 1403, RSRP/RSRQ information and/or CRS port information is obtained by 

measurement based on the CRS ports. Number of RSRP/RSRQ values in the RSRP/ 

RSRQ information is larger than or equal to 1. 

[129] At this block, the RSRP/RSRQ value measured based on the CRS port with 

maximum receiving power and the corresponding CRS antenna port index may be 

reported. For instance, as shown in table 2, four states indicating the CRS antenna port 

index are reported during the report of the RSRP/RSRQ value. Alternatively, as shown 

in table 3, the RSRP/RSRQ value of the each port is reported at the same time. Alter­

natively, the RSRP/RSRQ value of the CRS port O and a relative RSRP/RSRQ value of 

another port to that of the CRS port Oare reported. Alternatively, the RSRP/RSRQ 

values of N CRS ports and corresponding antenna port number information are 

reported. N is larger than 1 and less than total number of the CRS antenna ports. 

[130] With the above processing, the base station may obtain more RSRP/RSRQ in-

formation of the CRS port, which is convenient for the network side to make further 

processing to obtain the corresponding gain. 

[131] Embodiment four 

[132] Fig. 16 is a flow chart illustrating a reference signal transmitting method in an active 

antenna system in accordance with a fourth embodiment of the present disclosure. 

Specific blocks are as follows. 
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[133] At block 1601, number of CRS ports is set and a notification of the number of the 

CRS ports is transmitted. The number of the CRS ports is larger than one. 

[134] At this block, in typical DMa scenarios, the BS antenna height is 10m. The inter-site 

distance is 200m. The DEs are distributed outdoor or distributed in low buildings with 

the height of 18-24m. Taking account of that vertical leaving angles of the DEs are in a 

large range and taking account of factors, such CRS overhead influence, the number of 

the CRS ports is set as 4. 

[135] At block 1602, each CRS port adopts a different precoding vector to implement port 

virtualization to transmit antennas. 

[136] At this block, four different precoding vectors are adopted to implement the port vir-

tualization to transmit antennas of four CRS ports. The virtualization of the CRS port 0 

to the antenna group 0 is implemented via the precoding vector 

W 
_ [ co) co) co) ] r. The virtualization of the CRS port 1 to the antenna group 

0 - W 0 W 1 · · · W M-1 

1 is implemented via the precoding vector W _ [ (1) (1) (1) ] r. 
1 - W 0 W 1 · · · W M-1 

(p) 1 . 2IT , dv denotes the distance between the vertical 
w =-- exp(-1- m · d · cos0 ) 

m VM A v p 

antennas, p denotes the index of the CRS port, m denotes the m-th element of the 

precoding vectors, e denotes a down-tilt angle corresponding to the p-th port. The 
p 

down-tilt angle corresponding to the port 0 is 102 degree, the downward inclination 

angle corresponding to the port 1 is 95 degree, the down-tilt angle corresponding to the 

port 2 is 85 degree, the down-tilt angle corresponding to the port 3 is 75 degree. 

[137] At block 1603, the precoded reference signal of each CRS port is transmitted over 

the time-frequency resource. 

[138] At block 1604, the RSRP/RSRQ information and/or CRS port information is 

received. Number of RSRP/RSRQ values in the RSRP/RSRQ information is larger 

than or equal to 1. 

[139] At this block, the RSRP/RSRQ information may be the RSRP/RSRQ value measured 

by the CRS port with the maximum receiving power. The corresponding port in­

formation is the CRS port index corresponding to the RSRP/RSRQ value of measured 

by the CRS port with the maximum receiving power. The RSRP/RSRQ information 

may include the RSRP/RSRQ value of the each CRS port. The RSRP/RSRQ in­

formation may include the RSRP/RSRQ values of partial CRS ports and the number 

index information of the partial CRS ports. 

[140] At block 1605, after the RSRP/RSRQ information and/or CRS port information is 

received, specific DE-specific information/configuration is determined. 

[141] At this block, the specific DE-specific information/configuration includes: one or 
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combination of information of cell association, a path loss value for uplink power 

control and/or DE-specific CSI-RS resource configuration. 

[142] Specifically speaking, Fig. 17 is a flow chart illustrating a first method for de-

termining DE-specific information/configuration in accordance with a fourth em­

bodiment of the present disclosure. Following blocks are included. 

[143] At block 1701, RSRP/RSRQ information and/or CRS port information is received. 

[144] At block 1702, a cell association is determined based on the RSRP/RSRQ in-

formation. 

[145] At this block, each CRS port adopts a different vertical beam. The RSRP/RSRQ m-

formation includes the vertical beamf orming gain of the best direction. Therefore, the 

difference between the RSRP/RSRQ and the beamforming gain of the CSI-RS and 

DMRS after the DE-specific vertical beamforming adopted is relatively reduced. 

Therefore, the selected cell is more suitable for the PDSCH/E-PDCCH transmission of 

the DE. 

[ 146] Fig. 18 is a flow chart illustrating a second method for determining the specific DE-

specific information/configuration in accordance with a fourth embodiment of the 

present disclosure. Following blocks are included. 

[147] At block 1801, RSRP/RSRQ information and/or CRS port information is received. 

[148] At block 1802, a DE-specific CSI-RS resource configuration is determined based on 

the RSRP/RSRQ information. 

[149] At this block, the DE-specific CSI-RS resource configuration is determined based on 

the correlation of beamforming vectors used for the CSI-RS resources port virtu­

alization and the CRS ports virtualization, RSRP/RSRQ information and CRS port in­

formation. The CSI-RS resources in the active antenna system are grouped according 

to the correlation of the vertical beamforming vectors used for CSI-RS port virtu­

alization and CRS port virtualization. After the RSRP/RSRQ information and/or CRS 

port information is received, the CSI-RS resources in the CSI-RS resource group corre­

sponding to the CRS port with RSRP/RSRQ value measured with the maximum 

receiving power, may be determined as the DE-specific CSI-RS resource con­

figuration. Alternatively, CSI-RS resources in CSI-RS resource groups corresponding 

to the two CRS ports with the RSRP/RSRQ values with the maximum receiving power 

and second maximum receiving power may be determined as the DE-specific CSI-RS 

resource configurations. 

[150] A specific example is given hereinafter for illustration, suppose two CRS ports adopt 

two different vertical beams. In the transmission mode using the CSI-RS measurement 

and DMRS demodulation, such as transmission mode 10 of LTE/LTE-A, the DE­

specific vertical beamforming may be implemented via configuring multiple CSI-RS 

resources and multiple CSI processes for the DE. Fig. 19 is a diagram illustrating de-
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termination of DE-specific CSI-RS resource configuration with RSRP/RSRQ reporting 

in accordance with a fourth embodiment of the present disclosure. As shown in Fig. 

19, 9 CSI-RS resources are conFig.d in the active antenna systems. Each CSI-RS 

resource adopts different vertical beams to perform the beamforming. The 9 CSI-RS 

resources are divided into three groups. Each group includes 3 CSI-RS resources and 

the 3 CSI-RS resources adopt adjacent vertical beams to implement port virtualization 

to transmit antennas. The coverage of the first group of CSI-RS vertical beams in the 

vertical dimension is close to that of the CRS beam 0. The coverage of the third group 

of CSI-RS vertical beams in the vertical dimension is close to that of the CRS beam 1. 

And the coverage of the second group of CSI-RS vertical beams in the vertical 

dimension is between that of two CRS beams. 

[151] If the RSRP/RSRQ CRS port with largest RSRP/RSRQ value is CRS port 0, the first 

group of CSI-RS resources is allocated to the UE. If the reported port with the largest 

RSRP/RSRQ value is port 01, the third group of CSI-RS resources is allocated to the 

UE. If the reported two ports, the RSRP/RSRQ values of which are close to each other, 

the second group of CSI-RS resources are allocated to the UE. 

[152] The UE performs feedback of three CSI processes based three conFig.d CSI-RS 

resources in one group, such as CSI-RS resource 2-1, CSI-RS resource 2-2 and CSI-RS 

resource 2-3 in the second group. The base station selects the best vertical 

beamforming direction based on CSI feedback. For instance, the vertical beamforming 

direction corresponding to the CSI-RS resource 2-3 is taken as the beamforming 

direction used by the UE in the data transmission. 

[153] In the above second embodiment, apparently, if the CRS port information is not 

reported, the UE needs to measure 9 different CSI-RS configurations to select the best 

beam from the nine vertical beams and simultaneously complete nine CSI report 

processes. Using the RSRP/RSRQ and CRS port information report, the best beam 

may be selected from the nine vertical beams via measuring only three CSI-RS config­

urations and completing three CSI report processes. 

[154] Fig. 20 is a flow chart illustrating a method for determining the specific DE-specific 

information/configuration in accordance with a fourth embodiment of the present 

disclosure. Following blocks are included. 

[155] At block 2001, RSRP/RSRQ information and/or CRS port information is received. 

[156] At block 2002, the path loss value for uplink power control of a UE is determined 

based on the RSRP/RSRQ information. 

[157] At this block, each CRS port adopts a different vertical beam. The RSRP/RSRQ in-

formation is measured based on the vertical beamforming in the best direction. 

Therefore, the difference between the RSRP/RSRQ value and an uplink antenna array 

gain of receiver is relatively reduced. Therefore, the difference between the path loss 
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estimation based on the RSRP/RSRQ and the uplink actual path loss is reduced and 

thus the uplink power control performance is improved. 

[158] It can be seen from the methods and devices provided by embodiments of the present 

disclosure, coverage differences between CRS and PBCH/PDCCH/PDSCH de­

modulated based on CRS transmission and Enhanced PDCCH (E-PDCCH)/PDSCH 

signal transmission, which is measured based on the CSI-RS or demodulated based on 

the DMRS may be reduced or avoided. The cell association problem due to the 

different vertical beamforming technologies adopted by the CSI-RS or DMRS and by 

the CRS may be avoided. Deep spatial fading state may be avoided for CRS reception 

and PBCH/PDCCH/PDSCH demodulated based CRS. On the premise that a same 

channel measurement effect is obtained, embodiments of the present disclosure may 

reduce the number of CSI-RS configurations, which are used by the UE to perform 

channel estimation. Embodiments of the present disclosure may reduce the differences 

between the path loss of RSRP/RSRQ value estimation and the uplink actual path loss 

and may improve the uplink power control performance. 

[159] The foregoing description only describes preferred embodiments of the present 

invention and may not be used for limiting the protection scope thereof. Any modi­

fication, equivalent substitution, or improvement made without departing from the 

spirit and principle of the present invention should be covered by the protection scope 

of the present invention. 
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Claims 
A reference signal transmitting method in an active antenna system, 

compnsmg: 

setting number of Cell-specific Reference Signal (CRS) ports and 

transmitting a notification of number of the CRS ports, wherein the 

number of the CRS ports is larger than 1; 

precoding a reference signal with a different precoding vector for each 

of the CRS ports, wherein number of elements in the precoding vector 

is equal to number of transmit antennas, which correspond to the CRS 

ports; and 

transmitting the precoded reference signal for the each of the CRS ports 

over a corresponding frequency-time resource. 

The transmitting method according to claim 1, further comprising: 

receiving Reference Signal Receive Power (RSRP)/Reference Signal 

Received Quality (RSRQ) information and/or CRS port information; 

wherein number of RSRP/RSRQ values in the RSRP/RSRQ m­

formation is larger than or equal to 1. 

The transmitting method according to claim 2, wherein the RSRP/ 

RSRQ information and/or CRS port information comprises: 

an RSRP/RSRQ value measured by a CRS port with the maximum 

receiving power and a corresponding CRS port index; or 

RSRP/RSRQ values measured by the CRS ports; or 

an RSRP/RSRQ value measured by CRS port O and a relative RSRP/ 

RSRQ value of another port to that of the CRS port O; or 

RSRP/RSRQ values measured by N CRS ports and corresponding CRS 

port indexes, N is larger than 1 and less than total number of the CRS 

ports. 

The transmitting method according to claim 2, further comprising: 

determining specific DE-specific information/configuration according 

to the RSRP/RSRQ information and/or the CRS port information. 

The transmitting method according to claim 4, wherein the specific DE­

specific information/configuration comprises one or any combination 

of: information of cell association, a path loss value for uplink power 

control and Channel State Information Reference Signal (CSI-RS) 

resource configuration. 

The transmitting method according to claim 5, wherein when the 

specific DE-specific information/configuration is the information of 
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cell association, determining the specific DE-specific information/ 

configuration according to the RSRP/RSRQ information and/or the 

CRS port information comprises: 

determining the cell association according to an RSRP/RSRQ value 

measured by the CRS port with maximum receiving power. 

The transmitting method according to claim 5, when the specific DE­

specific information/configuration is the path loss value for uplink 

power control, determining the specific DE-specific information/con­

figuration according to the RSRP/RSRQ information and/or the CRS 

port information comprises: 

determining the path loss value for uplink power control based on an 

RSRP/RSRQ value measured by the CRS port with the maximum 

rece1vmg power. 

The transmitting method according to claim 5, when the specific DE­

specific information/configuration is the CSI-RS resource con­

figuration, determining the specific DE-specific information/con­

figuration according to the RSRP/RSRQ information and/or CRS port 

information comprises: 

determining the DE-specific CSI-RS resource configuration based on 

correlation of beamforming vectors used for CSI-RS port virtualization 

and CRS port virtualization. 

The transmitting method according to claim 8, wherein determining the 

DE-specific CSI-RS resource configuration comprises: 

grouping CSI-RS resources in an active antenna system according to 

the correlation of beamforming vectors used for the CSI-RS port virtu­

alization and the CRS port virtualization; 

after receiving the reported RSRP/RSRQ information and/or the CRS 

port information, determining CSI-RS resources in a CSI-RS resource 

group corresponding to a CRS port with an RSRP/RSRQ value 

measured by the CRS port with the maximum receiving power, as the 

DE-specific CSI-RS resource configuration; or 

determining CSI-RS resources in CSI-RS resource groups corre­

sponding to two CRS ports with RSRP/RSRQ values measured with 

the maximum receiving power and second maximum receiving power, 

as the DE-specific CSI-RS resource configurations. 

The transmitting method according to claim 1, wherein before 

transmitting the precoded reference signal for the each of the CRS ports 

over the corresponding frequency-time resource, the method further 
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compnses: 

respectively precoding a data signal and/or control signal corre­

sponding to the each of the CRS ports based on the precoding vector 

adopted by the each of the CRS ports; 

when transmitting the precoded reference signal for the each of the 

CRS ports over corresponding frequency-time resource, the method 

further comprises: 

transmitting the precoded data signal and/or control signal for the each 

of the CRS ports over the corresponding frequency-time resource. 

A reference signal receiving method in an active antenna system, 

compnsmg: 

receiving a notification of number of Cell-specific Reference Signal 

(CRS) ports, wherein the number of the CRS ports is larger than l; and 

receiving a reference signal over a time-frequency resource. 

The receiving method according to claim 11, further comprising: 

obtaining Reference Signal Receive Power (RSRP)/Reference Signal 

Received Quality (RSRQ) information and/ or CRS port information by 

measurement based on the CRS ports; wherein number of RSRP/RSRQ 

values in the RSRP/RSRQ information is larger than or equal to 1. 

The receiving method according to claim 11, wherein the RSRP/RSRQ 

information and/or CRS port information comprises: 

an RSRP/RSRQ value measured by a CRS port with the maximum 

receiving power and a corresponding CRS port index; or 

RSRP/RSRQ values measured by the CRS ports; or 

an RSRP/RSRQ value measured by CRS port O and a relative RSRP/ 

RSRQ value of another port to that of the CRS port O; or 

RSRP/RSRQ values measured by N CRS ports and corresponding CRS 

port indexes, N is larger than 1 and less than total number of the CRS 

ports. 

The receiving method according to claim 11, further comprising: 

receiving a precoded data signal and/or control signal, which are de­

modulated based on the CRS ports. 

A reference signal transmitting device in an active antenna system, 

compnsmg: 

a notification module, to set number of Cell-specific Reference Signal 

(CRS) ports and transmit a notification of number of the CRS ports, 

wherein the number of the CRS ports is larger than 1; 

a precoding module, to precode a reference signal with a different 
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[Claim 16] 

[Claim 17] 

[Claim 18] 

[Claim 19] 

[Claim 20] 

[Claim 21] 

23 

PCT/KR2015/006369 

precoding vector for each of the CRS ports, wherein number of 

elements in the precoding vector is equal to number of transmit 

antennas, which correspond to the CRS ports; and 

a transmitting module, to transmit the precoded reference signal for the 

each of the CRS ports over a corresponding frequency-time resource. 

The transmitting device according to claim 15, further comprising: 

a Reference Signal Receive Power (RSRP)/Reference Signal Received 

Quality (RSRQ) receiving module, to receive Reference Signal Receive 

Power (RSRP)/Reference Signal Received Quality (RSRQ) information 

and/or CRS port information; wherein number of RSRP/RSRQ values 

in the RSRP/RSRQ information is larger than or equal to 1. 

The transmitting device according to claim 16, wherein the RSRP/ 

RSRQ receiving module is further to determine specific DE-specific m­

formation/configuration according to the RSRP/RSRQ information 

and/or CRS port information. 

The transmitting device according to claim 15, wherein 

the precoding module is further to respectively precode a data signal 

and/or control signal corresponding to the each of the CRS ports based 

on the precoding vector adopted by the each of the CRS ports; and 

the transmitting module is further to transmit the precoded data signal 

and/or control over the time-frequency resource. 

A reference signal receiving device in an active antenna system, 

compnsmg: 

a signaling receiving module, to receive a notification of number of 

Cell-specific Reference Signal (CRS) ports, wherein the number of the 

CRS ports is larger than 1; and 

a signal receiving module, to receive a reference signal over a time­

frequency resource. 

The receiving device according to claim 19, further comprising: 

a measurement report module, to obtain Reference Signal Receive 

Power (RSRP)/ Reference Signal Received Quality (RSRQ) in­

formation and/or CRS port information by measurement based on the 

CRS ports; wherein number of RSRP/RSRQ values in the RSRP/RSRQ 

information is larger than or equal to 1. 

The receiving device according to claim 19, wherein the signaling 

receiving module is further to receive a data signal and/or control signal 

over the time-frequency resource. 
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[Fig. l] 
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[Fig. 3] 
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[Fig. 4] 

CRS beam 

[Fig. 5] 

Number of CRS ports is set and a notification 
of the number of the CRS ports is transmitted. r- 501 

The number of the CRS ports is larger than one 

i 
a reference signal for each CRS port is precoded with a 
different precoding vector. Number of elements in the 

r--

precoding vector is equal to number of transmit antennas, 
502 

which correspond to the CRS ports 

i 
the precoded reference signal for the each CRS port is 

transmitted over a time-frequency resource - 503 

[Fig. 6] 

A notification of number of CRS ports is received. 
The number of the CRS ports is larger than 1 r- 601 

i 
A precoded reference signal is received 

over a time-frequency resource r- 602 

[Fig. 7] 

notification precoding transmitting 
module module module 

[Fig. 8] 

signaling receiving signal receiving 
module module 
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[Fig. 9] 

Number of CRS ports is set and a notification 
of the number of the CRS ports is sent out. 

The number of the CRS ports is larger than one 

i 
A reference signal for each CRS port is precoded 

with a different precoding vector. Number of 
elements in the precoding vector is equal to number of 
transmit antennas, which correspond to the CRS ports 

t 
The precoded reference signal of each CRS port is 

transmitted over the time-frequency resource 

t 
RSRP/RSRQ information and/or CRS port information 

is received. Number of RSRP/RSRQ values in the RSRP/ 

[Fig. 10] 
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[Fig. 11] 
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[Fig. 12] 

Number of CRS ports is set and a notification 
of the number of the CRS ports is transmitted. >--- 1201 

The number of the CRS ports is larger than one 

l 
A reference signal for each CRS port is precoded 

with a different precoding vector. Number of elements in the >--- 1202 
precoding vector is equal to number of transmit antennas, 

which correspond to the CRS ports 

l 
A data signal and/or control signal corresponding to 

the each CRS port is respectively precoded based on 
r-

the precoding vector adopted by the each CRS port. 
1203 

Number of elements in the precoding vector is equal to 
number of transmit antennas, which transmit t 

i 
The precoded reference signal of each CRS port and the 

precoded data signal and/or control signal for the each CRS - 1204 
port are transmitted over the time-frequency resource 

i 
The RSRP/RSRQ information and/or CRS port information 
is received. Number of RSRP/RSRQ values in the RSRP/ - 1205 

RSRQ information is larger than or equals to 1 
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[Fig. 14] 

A notification of number of CRS ports is received. 
The number of the CRS port is larger than 1 

t 
A precoded reference signal is 

received over a time-frequency resource 

i 
RSRP/RSRQ information and/or CRS port information 
is obtained by measurement based on the CRS ports. 

Number of RSRP/RSRQ values in the RSRP/ 
RSRQ information is larger than or equals to 1 

[Fig. 15] 
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[Fig. 16] 

Number of CRS ports is set and a notification 
of the number of the CRS ports is transmitted. r- 1601 

The number of the CRS ports is larger than one 

~ 
Each CRS port adopts a different precoding vector to 
implement port virtualization to the transmit antennas r- 1602 

~ 
The precoded reference signal of each CRS port is 

r-
transmitted over the time-frequency resource 

1603 

~ 
The RSRP/RSRQ information and/or CRS port information 
is received. Number of RSRP/RSRQ values in the RSRP/ - 1604 

RSRQ information is larger than or equals to 1 

~ 
After the RSRP/RSRQ information and/ 

or CRS port information is received, specific UE-specific - 1605 
information/configuration is determined 

[Fig. 17] 

RSRP/RSRQ information and/ 
or CRS port information is received - 1701 

~ 
A cell association is determined based on the RSRP/ 

RSRQ information - 1702 

[Fig. 18] 

RSRP/RSRQ information and/ 
or CRS port information is received r- 1801 

~ 
A UE-specific CSI-RS resource configuration is determined 

r-
based on the RSRP/RSRQ information 

1802 
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[Fig. 19] 

CRS beam 1 

[Fig. 20] 

RSRP/RSRQ information and/ 
or CRS port information is received r-- 2001 

i 
A path loss value for uplink power control of a UE is 
determined based on the RSRP/RSRQ information 

r-- 2002 
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