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PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 1009-2287 / P71998 US1 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention I Methods and Apparatus for Requesting System Information in a Wireless Communication Network 

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 11 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I E] ~anne I f=3eisa I E] 
Residence Information (Select One) US Residency • Non US Residency Active US Military Service 

City ~spoo IICountry of Residence i 1f1 I 

Mailing Address of Inventor: 

Address 1 Koivunlehvakuja 3 

Address 2 

City I ~spoo I State/Province 11 

Postal Code 1 1£12130 I Countryi I fl 

Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I E] ~ens I l3ergqvist I E] 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City ~inkoping IICountry of Residence i l~E I 

Mailing Address of Inventor: 

Address 1 Kammakaregatan 32 

Address 2 

City I J-inkoping I State/Province 11 

Postal Code I ~8737 I Countryi I ~E 

Inventor b I Remove I 
Legal Name 
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Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 1009-2287 / P71998 US1 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention I Methods and Apparatus for Requesting System Information in a Wireless Communication Network 

Prefix Given Name Middle Name Family Name Suffix 

I E] ~ohan I ~une I E] 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City Eidingo IICountry of Residence i l~E I 

Mailing Address of Inventor: 

Address 1 Ir errangvagen 12 

Address 2 

City I l-idingo I State/Province 11 

Postal Code I 1101 29 I Countryi I ~E 

Inventor ~ I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

I E] t;enning I t,'viemann I E] 
Residence Information (Select One) US Residency @ Non US Residency Active US Military Service 

City ~achen IICountry of Residence i l~E I 

Mailing Address of Inventor: 

Address 1 f(elmesbergweg 7 

Address 2 

City I t',achen I State/Province 11 

Postal Code 1 ~2000 I Countryi I PE 
All Inventors Must Be Listed - Additional Inventor Information blocks may be 
generated within this form by selecting the Add button. I Add I 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a). 

D An Address is being provided for the correspondence Information of this application. 

Customer Number ~02721 

Email Address pfficial@mbhiplaw.com I I Add Email I I Remove Email I 
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PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 1009-2287 / P71998 US1 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention I Methods and Apparatus for Requesting System Information in a Wireless Communication Network 

Application Information: 

Title of the Invention Methods and Apparatus for Requesting System Information in a Wireless Communication Network: 

Attorney Docket Number 1009-2287 I P71998 US1 I Small Entity Status Claimed □ 
Application Type Provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) 
11 

I Suggested Figure for Publication (if any) 11 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 157(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e¥ noomestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

Publication Information: 

□ 

□ 

Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

. 
,,. 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: • Customer Number I US Patent Practitioner lo Limited Recognition (37 CFR 11.9) 

Customer Number ~02721 
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PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 1009-2287 / P71998 US1 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention I Methods and Apparatus for Requesting System Information in a Wireless Communication Network 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c} or indicate 
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Prior Application Status I I· I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

I I 1 .. I 
Additional Domestic BenefiUNational Stage Data may be generated within this form I Add I by selecting the Add button. 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet 

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is daimed to a foreign application 

that is eligible for retrieval under the priority document exchange program (PDX)i the information will be used by the Office to 
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant bears the ultimate 
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)( 1 ). 

I Remove I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

I I I 
Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March 

0 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 
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PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

1009-2287 / P71998 US1 Attorney Docket Number 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention I Methods and Apparatus for Requesting System Information in a Wireless Communication Network 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 
application (see paragraph Bin subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an 
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
China (SIPO}, the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h) 
(1 ). 

B. Search Results from U.S. Application to EPO - Unless box Bin subsection 2 (opt-out of authorization) is checked, 
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
the instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 
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PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 1009-2287 / P71998 US1 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention I Methods and Apparatus for Requesting System Information in a Wireless Communication Network 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR 
to have an assignment recorded by the Office. 

Applicant 11 I Remove I 
If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1 .45), this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1 .46. If the applicant is an 
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I Clear I 

Assignee 
I 

Legal Representative under 35 U.S.C. 117 
I 

Joint Inventor 

• Person to whom the inventor is obligated to assign . I Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

1.-1 
Name of the Deceased or Legally Incapacitated Inventor: I 
If the Applicant is an Organization check here. [8J 

Organization Name I t elefonaktiebolaget LM Ericsson (publ) 

Mailing Address Information For Applicant: 

Address 1 SE-164 83 

Address 2 

City Stockholm State/Province 

Country I t,E Postal Code 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. I Add I 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 

EFS Web 2.2.12 
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PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 1009-2287 / P71998 US1 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention I Methods and Apparatus for Requesting System Information in a Wireless Communication Network 

Assignee ~ 
Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. □ 
Prefix Given Name Middle Name Family Name Suffix 

I B I I I I B 
Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City I I State/Province 

Countryi 11 Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. I Add I 

Signature: Remove 

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c}. 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given 
power of attorney (e.g., see US PTO Form PTO/AIA/81) on behalf of all joint inventor-applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

Signature 1 Daniel P. Homiller, Reg. # 55,275 / Date (YYYY-MM-DD) 12017-05-05 

First Name paniel I Last Name I ~omiller Registration Number 55275 

Additional Signature may be generated within this form by selecting the Add button. I Add I 

EFS Web 2.2.12 
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PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 1009-2287 / P71998 US1 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention I Methods and Apparatus for Requesting System Information in a Wireless Communication Network 

This collection of information is required by 37 CFR 1. 76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent 
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1 l the general authority for the collection of this information 
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and 
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S. 
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of 
the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy 
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of 
Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative 
tribunal, including disclosures to opposing counsel in the course of settlement negotiations. 

3 A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom 
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform 
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C. 
552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use, 
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181) 
and for review pursuant to the Atomic Energy Act (42 US.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an 
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and 
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of 
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C. 
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, 
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes 
aware of a violation or potential violation of law or regulation. 
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Attorney Ref. 1 009-2287 
Client Ref. P71988 US1 

METHODS AND APPARATUS FOR REQUESTING SYSTEM INFORMATION IN A 

WIRELESS COMMUNICATION NETWORK 

5 Technical Field 

The present disclosure relates to methods and apparatus for requesting system information 

in a terminal device for a wireless network. 

Background 

10 Efforts are on-going to develop and standardize communications networks and protocols 

intended to meet the requirements set out for the fifth generation (5G) of wireless systems, 

as defined by the Next Generation Mobile Networks Alliance. The new system (also known 

as "New Radio" or "NR") is being designed to support lean carrier operation, where only 

absolutely necessary information is transmitted, preferably in a dedicated manner to the UE. 

15 This aim has a large impact on the design of the system information mechanisms for NR, as 

system information until now has always been transmitted and broadcast to all UEs in a cell. 

Furthermore, system information and initial access design is not as easy to modify or 

enhance in later releases as features require primarily dedicated signaling. 

20 In order to minimize the amount of system information broadcast, on-demand delivery of 

parts of the system information may be introduced. 

Figure 1 illustrates on-demand signaling for delivery of parts of the system information. For 

this on-demand delivery the system information (SI) may be divided into Minimum SI and 

25 Other SI. Minimum SI 101 is periodically broadcast from the Node B 102 and received by the 

user equipment (UE) 103. The Minimum SI 101 comprises basic information required for 

initial access to the network and information for acquiring any other SI broadcast periodically 

or provisioned on-demand, i.e. scheduling information. The Other SI 104 encompasses 

everything not broadcast in the Minimum SI 101 and may either be broadcast, or provisioned 

30 in a dedicated manner, either triggered by the network or upon request from the UE. 

For UEs operating in a connected state (i.e. RRC_CONNECTED), dedicated radio resource 

control (RRC) signaling can be used for the request and delivery of the Other SI. The Other 

SI may be broadcast at a configurable periodicity and for a certain duration. It is a network 

35 decision whether the Other SI is broadcast or delivered through dedicated and UE specific 

RRC signaling. 

1 
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Attorney Ref. 1 009-2287 
Client Ref. P71988 US1 

Each cell on which the UE is allowed to camp broadcasts at least some contents of the 

Minimum SI, while there may be cells in the system on which the UE cannot camp and do 

not broadcast the Minimum SI. 

For a cell/frequency that is considered for camping by the UE, the UE is not required to 

acquire the contents of the Minimum SI of that cell/frequency from another cell/frequency 

layer. This does not preclude the case that the UE applies stored SI from previously visited 

cell(s). 

If the UE cannot determine the full contents of the Minimum SI of a cell (by receiving from 

that cell or from valid stored SI from previous cells), the UE may consider that cell as barred. 

In addition, for an on demand request of broadcast SI transmission a UE operating in an idle 

15 or inactive mode the network may control whether the request for Other system information 

is transmitted by a random access preamble message or as part of a radio resource control 

connection message. 

If the Physical Random Access Channel (PRACH) preamble and/or PRACH resource 

20 specific to each system information block (SIB) or set of SIBs which the UE needs to acquire 

is included in minimum SI, then the SI request may be indicated using the random access 

preamble. 

If the PRACH preamble and/or PRACH resource specific to each SIB or set of SIBs which 

25 the UE needs to acquire is not included in the minimum SI, then the SI request may be 

included as part of a radio resource control connection message. 

30 

35 

Summary 

The current solution does not cover any error cases when UE requests on-demand system 

information. For example, the request from the UE may not be received correctly by the 

network, or may collide with a request from another UE or the UE may not be able to receive 

the on-demand SIB transmission from the network. Based on currently agreed procedure, 

the UE may not be able to fully function in the system even for relatively minor errors in the 

on-demand system information procedure. 

2 
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Attorney Ref. 1 009-2287 
Client Ref. P71988 US1 

According to a first aspect of the disclosure there is provided a method of requesting system 

information in a terminal device for a wireless network. The method comprises receiving, 

from a network node of the wireless network, a first portion of system information comprising 

an indication of a second portion of system information which is available upon request. The 

5 method also comprisestransmitting, to the network node, a first request requesting that the 

second portion of system information be transmitted to the terminal device; and responsive 

to a determination that the requested second portion of system information has not been 

received successfully by the terminal device, transmitting, to the network node, a second 

request for the second portion of system information. 

10 

According to another aspect of the disclosure there is provided a terminal device for a 

wireless network, the terminal device configured to carry out the method as described above 

According to another aspect of the disclosure there is provided a terminal device for 

15 requesting system information. The terminal device comprises: processing circuitry and a 

machine-readable medium storing instructions which, when executed by the processing 

circuitry, cause the terminal device to: receive, from a network node of the wireless network, 

a first portion of system information comprising an indication of a second portion of system 

information which is available upon request; transmit, to the network node, a first request 

20 requesting that the second portion of system information be transmitted to the terminal 

device; and responsive to a determination that the requested second portion of system 

information has not been received successfully by the terminal device, transmit, to the 

network node, a second request for the second portion of system information. 

25 According to another aspect of the present disclosure there is provided a terminal device for 

a wireless network, for requesting system information. The terminal device comprises: a first 

module configured to receive, from a network node of the wireless network, a first portion of 

system information comprising an indication of a second portion of system information which 

is available upon request; a second module configured to transmit, to the network node, a 

30 first request requesting that the second portion of system information be transmitted to the 

terminal device; and a third module configured to, responsive to a determination that the 

requested second portion of system information has not been received successfully by the 

terminal device, transmit, to the network node, a second request for the second portion of 

system information. 

35 
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The methods and apparatus disclosed herein allow efficient recovery from minor errors in 

the acquisition of system information, and avoids UE not functioning correctly due to 

incomplete system information. 

5 Note that the discussion below focuses on a technical solution for L TE and those networks 

intended to meet the requirements set out for the fifth generation (5G) of wireless systems, 

as defined by the Next Generation Mobile Networks Alliance. However, those skilled in the 

art will appreciate that it is also possible to apply the methods and apparatus described 

herein to other networks and access technologies. In other networks, nodes and interfaces 

10 may have different names. 

Brief Description of the Drawings 

For a better understanding of the present disclosure, and to show how it may be put into 

effect, reference will now be made, by way of example, to the accompanying drawings, in 

15 which: 

20 

25 

30 

Figure 1 illustrates on-demand signaling for delivery of parts of the system information; 

Figure 2 shows a network according to embodiments of the disclosure; 

Figures 3 to 6 are flowcharts of methods according to embodiments of the disclosure; 

Figure 7 is a schematic drawing of a terminal device according to embodiments of the 

disclosure; and 

Figure 8 is a schematic drawing of a terminal device according to further embodiments of the 

disclosure. 

Description 

The following sets forth specific details, such as particular embodiments for purposes of 

explanation and not limitation. But it will be appreciated by one skilled in the art that other 

embodiments may be employed apart from these specific details. In some instances, 

detailed descriptions of well-known methods, nodes, interfaces, circuits, and devices are 

omitted so as not obscure the description with unnecessary detail. Those skilled in the art 

35 will appreciate that the functions described may be implemented in one or more nodes using 

hardware circuitry (e.g., analog and/or discrete logic gates interconnected to perform a 
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specialized function, ASICs, PLAs, etc.) and/or using software programs and data in 

conjunction with one or more digital microprocessors or general purpose computers that are 

specially adapted to carry out the processing disclosed herein, based on the execution of 

such programs. Nodes that communicate using the air interface also have suitable radio 

5 communications circuitry. Thus, for example, it will be appreciated that "receiving" and 

"transmitting" steps performed by a wireless terminal or a radio base station are performed, 

e.g., by a processing circuit, using receiver circuitry and transmitter circuitry, respectively. 

Moreover, the technology can additionally be considered to be embodied entirely within any 

form of computer-readable memory, such as solid-state memory, magnetic disk, or optical 

10 disk containing an appropriate set of computer instructions that would cause a processor to 

carry out the techniques described herein. 

Hardware implementation may include or encompass, without limitation, digital signal 

processor (DSP) hardware, a reduced instruction set processor, hardware (e.g., digital or 

15 analog) circuitry including but not limited to application specific integrated circuit(s) (ASIC) 

and/or field programmable gate array{s) {FPGA(s)), and (where appropriate) state machines 

capable of performing such functions. 

In terms of computer implementation, a computer is generally understood to comprise one or 

20 more processors, one or more processing modules or one or more controllers, and the terms 

computer, processor, processing module and controller may be employed interchangeably. 

When provided by a computer, processor, or controller, the functions may be provided by a 

single dedicated computer or processor or controller, by a single shared computer or 

processor or controller, or by a plurality of individual computers or processors or controllers, 

25 some of which may be shared or distributed. Moreover, the term "processor" or "controller" 

also refers to other hardware capable of performing such functions and/or executing 

software, such as the example hardware recited above. 

Although the description is given for a wireless terminal device, or user equipment (UE), it 

30 should be understood by the skilled in the art that "UE" is a non-limiting term comprising any 

mobile or wireless device, terminal or node equipped with a radio interface allowing for at 

least one of: transmitting signals in uplink {UL) and receiving and/or measuring signals in 

downlink {DL). A UE herein may comprise a UE (in its general sense) capable of operating 

or at least performing measurements in one or more frequencies, carrier frequencies, 

35 component carriers or frequency bands. It may be a "UE" operating in single- or multi-radio 

access technology (RAT) or multi-standard mode. As well as "UE", the terms "mobile 
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station" ("MS"), "mobile device", "terminal device" and "wireless terminal device" may be 

used interchangeably in the following description, and it will be appreciated that such a 

device does not necessarily have to be 'mobile' in the sense that it is carried by a user. 

Examples of UE are target device, device to device (D2D) UE, machine type UE or UE 

5 capable of machine to machine (M2M) communication, PDA, tablet computer, mobile 

terminals, smart phone, laptop embedded equipped (LEE), laptop mounted equipment 

(LME), USB dongles, ProSe UE, V2V UE, V2X UE, MTG UE, eMTC UE, FeMTC UE, UE Cat 

0, UE Cat M1, narrowband Internet of Things (NB-loT) UE, UE Cat NB1, etc. 

10 In some embodiments a more general term "network node" is used and it can correspond to 

any type of radio access node or any network node, which communicates with a UE and/or 

with another network node. Examples of network nodes are NodeB, MeNB, SeNB, a network 

node belonging to MCG or SCG, base station (BS), multi-standard radio (MSR) radio node 

such as MSR BS, eNodeB, gNodeB, network controller, radio network controller (RNC), 

15 base station controller (BSC), relay, donor node controlling relay, base transceiver station 

(BTS), access point (AP), transmission points, transmission nodes, RRU, RRH, nodes in 

distributed antenna system (DAS), core network node (e.g. MSC, MME, etc.), O&M, OSS, 

SON, positioning node (e.g. E-SMLC), MDT, test equipment, etc. Moreover, where the 

following description refers to steps taken in or by a network node or a radio access node, 

20 this also includes the possibility that some or all of the processing and/or decision making 

steps may be performed in a device that is physically separate from the radio antenna of the 

node, but is logically connected thereto. Thus, where processing and/or decision making is 

carried out "in the cloud", the relevant processing device is considered to be part of the node 

for these purposes. 

25 

The embodiments are described for L TE or L TE based systems such as machine-type 

communication (MTG), evolved MTG (eMTC), NB-loT etc. As an example MTG UE, eMTC 

UE and NB-loT UE also called UE category 0, UE category M1 and UE category NB1. 

However, the embodiments are applicable to any RAT or multi-RAT systems, where the UE 

30 receives and/or transmit signals {e.g. data) e.g. L TE FDD/TDD, WCDMA/HSPA, 

GSM/GERAN, Wi-Fi, WLAN, CDMA2000, 5G, NR, etc. It is recalled that 5G, the fifth 

generation of mobile telecommunications and wireless technology is not yet fully defined but 

in an advanced draft stage within 3GPP. It includes work on 5G New Radio {NR) Access 

Technology. L TE terminology is used in this disclosure in a forward looking sense, to include 

35 equivalent 5G entities or functionalities although a different term is specified in 5G. A general 
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description of the agreements on 5G New Radio (NR) Access Technology so far is 

contained in most recent versions of the 3GPP 38-series Technical Reports. 

Figure 2 illustrates a network 10 that may be utilized to explain the principles of 

5 embodiments of the present disclosure. The network 10 comprises a network node 12 

which is connected, via a backhaul network 20, to a core network 18. Figure 1 also shows a 

terminal device (or UE, wireless terminal, etc) 16 that is in wireless communication with a 

network node 12. Messages transmitted by the terminal device 16 to the network node 12 

are said to be transmitted in the "uplink", while messages transmitted by the network node 

10 12 to the terminal device 16 are said to be transmitted in the "downlink". 

15 

Although the terminal device 16 is illustrated as a mobile phone, or smartphone, it will be 

understood by those skilled in the art that the terminal device may be any device that is 

configured for communication with the wireless communication network 10. 

The network node 12 may be of a type referred to as e.g. radio access nodes, base stations, 

NodeBs, evolved NodeBs (eNB, or eNodeB), gNodeBs, base transceiver stations, Access 

Point Base Stations, base station routers, Radio Base Stations (RBSs), macro base stations, 

micro base stations, pico base stations, femto base stations, Home eNodeBs, relays and/or 

20 repeaters, beacon devices or any other network node configured for communication with 

wireless devices over a wireless interface, depending e.g. on the radio access technology 

and terminology used. 

The present disclosure provides methods and apparatus for requesting system information 

25 in a terminal device for a wireless network. In particular, the present disclosure addresses 

issues with errors that occur when such requests are made, and methods for dealing with 

those errors when they occur. 

The present disclosure therefore provides a terminal device that is able to detect a problem 

30 in the on-demand system information request procedure and to apply a series of recovery 

steps, such as trying to receive the on-demand system information one or more times and/or 

retransmitting the request one or more times. The proposed solution therefore allows 

efficient recovery from minor errors in the procedure, and avoids problems caused by a 

terminal device not functioning correctly due to incomplete system information. 

35 
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Figure 3 illustrates a method according to embodiments of the disclosure. The method may 

be carried out in a terminal device, such as the terminal device 16, for example. The 

terminal device may be operating in an idle or inactive state, such as RRC_IDLE or 

RRC_INACTIVE. In other words, the terminal device may be operating in a state in which it 

5 is not fully connected to the network with dedicated radio resource control signaling. 

10 

In step 301 the terminal device receives, from a network node of the wireless network (such 

as the network node 12), a first portion of system information comprising an indication of a 

second portion of system information which is available upon request. 

The first portion of system information may be minimum system information (SI). The first 

portion of system information may be periodically broadcast from the network node and 

received by the terminal device. The minimum SI may comprise basic information required 

for initial access to the network and may also comprise information for acquiring the second 

15 portion of system information, i.e. scheduling information. In some embodiments, the first 

portion of system information comprises an indication of resources on which the second 

portion of system information is transmitted. For example the resources on which the second 

portion of system information is transmitted may comprise an indication of a transmission 

window in which the second portion of system information is transmitted. 

20 

The second portion of system information may comprise any system information not 

broadcast in the first portion of system information. 

In some embodiments the indication of a second portion of system information comprises a 

25 list of system information blocks or system information messages belonging to the second 

portion of system information. 

30 

In step 303 the terminal device transmits, to the network node, a first request requesting that 

the second portion of system information be transmitted to the terminal device. 

For example in embodiments where the indication of a second portion of system information 

comprises a list of system information blocks or system information messages belonging to 

the second portion of system information, the terminal device may transmit a first request 

requesting that at least one of the system information blocks or system information 

35 messages are transmitted to the terminal device. In some embodiments all of the available 

system information blocks may be requested. 
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Step 303 may be performed as part of a random access procedure. For example, in one 

embodiment the terminal device may send the first request as part of a random access 

preamble message to the network node (or the random-access preamble message may be 

5 interpreted by the network node as a first request). In other embodiments, the terminal 

device may transmit the first request as part of a radio resource control connection message 

(i.e. where the terminal device has previously transmitted a random-access preamble 

message and received a random-access response message from the network node). 

10 In other embodiments the first request may be transmitted separately from the random 

access procedure. 

In step 305 the terminal device, responsive to a determination that the requested second 

portion of system information has not been received successfully by the terminal device, 

15 transmits, to the network node, a second request for the second portion of system 

information. 

In step 305 therefore the terminal device may have identified a problem with the transmitted 

first request, or in the reception of transmitted second portion of system information. In either 

20 case, therefore, the terminal device determines that the request second portion of the 

system information has not been received successfully by the terminal device. This 

determination may be made based on for example, a determination that the first request was 

not received by the network node, or a determination that the second portion of system 

information was transmitted by the network node, but was not received by the terminal 

25 device. 

The terminal device may therefore reinitiate a request for the second portion of system 

information by transmitting a second request for the second portion of system information. In 

some embodiment the second request, like the first request, may comprise or be comprised 

30 within a random-access preamble message or an RRC connection request message. Those 

skilled in the art will appreciate that alternative messages may be used to request 

transmission of the second portion of system information. 

Figure 4 illustrates a method according to further embodiments of the disclosure. The 

35 method may be carried out in a terminal device, such as the terminal device 16. Steps 401 

and 403 of Figure 4 may be substantially similar to steps 301 and 303 of Figure 3. 

9 
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In step 401 of Figure 4 the terminal device receives a first portion of system information 

comprising an indication of a second portion of system information (SI) which is available on 

request. 

In step 403 the terminal device transmits a request for the second portion of system 

information. 

In step 405 the terminal device listens for the transmission of the second portion of system 

10 information (e.g. using scheduling information contained within the first portion of system 

information), and determines if an error has occurred in the request for the second portion of 

system information. The determination of an error occurring may occur responsive to a 

determination that the request second portion of system information has not been received 

successfully by the terminal device. 

15 

The determination that an error has occurred may comprise a number of different 

possibilities. For example, in some embodiments the terminal device sets a first timer upon 

transmission of the first request, and determines that the requested second portion of 

system information has not been received successfully by the terminal device upon expiry of 

20 the first timer without receipt of the second portion of system information. It can therefore be 

determined that there has been an error when the second portion of system information is 

not received before the first timer expires. 

The terminal device may also in addition or alternatively identify that an error has occurred if 

25 there is no indication of transmission of the second portion of system information in a 

subsequent first portion of system information. That is, the first portion of system information 

may be broadcast periodically by the network node. If the network node has broadcast the 

second portion of system information (e.g. within a most recent transmission period, or within 

a recent defined transmission window) it may indicate this in a subsequent broadcast of the 

30 first portion of system information. In some examples, the information in the first portion of 

system information, indicating whether a particular second portion of system information is 

being periodically broadcast or provisioned upon request, is referred to as "broadcast flag". 

The terminal device may also in addition or alternatively identify that an error has occurred if 

35 no identifier indicating transmission of the second portion of system information was 

received by the terminal device during a transmission window. For example the network 
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node may transmit a separate identifier for the terminal device, for example a System 

information Radio Network Temporary Identifier (SI-RNTI) indicating that the second portion 

of system information has been transmitted by the network node during the transmission 

window. Note that the indication may be implicit. For example, the network node may 

5 transmit the identifier for the terminal device (such as SI-RNTI) as part of a random-access 

procedure. In embodiments where the first request is transmitted with a random-access 

preamble message, receipt of this identifier may indicate that the random-access preamble 

message (and thus the first request) was received by the network node. If there is no such 

identifier, then it may be determined that the network node did not receive the transmitted 

10 first request. 

Similarly, in embodiments where the request for the second portion of system information 

comprises a random-access preamble, the terminal device may determine that the request 

was not received by the network node responsive to a determination that a random-access 

15 response message has not been received from the network node. 

If in step 405 the terminal device determines that no error has occurred, the method passes 

to step 413 in which the second portion of system information is received successfully. 

20 In some embodiments, the terminal device may be configured with a maximum number of 

request attempts, i.e. a maximum number of attempts to transmit the request for the second 

portion of system information. If in step 405 it is determined that an error has occurred, the 

method passes to step 407 in which the terminal device determines whether a current 

number of transmission attempts, N, is greater than the maximum value Nmax. The current 

25 number of transmission attempts may be determined by maintaining a counter value in the 

terminal device. If the counter value is not greater than the maximum value Nmax the method 

passes to step 409 in which the terminal device increments the counter value, and initiates a 

further request for the second portion of system information in step 403. In some 

embodiments, the maximum number of transmission attempts is indicated within the first 

30 portion of system information. 

Step 409 may further comprise initializing transmission parameters for the further request for 

the second portion of system information. In some embodiments, the further request (and 

any subsequent requests) may be transmitted after a delay. For example, the further request 

35 for the second portion of system information may not be transmitted until expiry of a second 

timer. This delay may be used to limit the frequency of subsequent requests. 

11 
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The second timer may be initiated upon transmission of the first request, and the terminal 

device transmits the second request for the second portion of system information upon 

expiry of the second timer. In this embodiment the second timer may be configured with a 

5 longer duration than the first timer (used to determine whether the second portion of system 

information has been received or not). 

However, it will be appreciated that other methods of delaying the transmission of the 

second request may be used. For example, the second timer may be initiated upon expiry of 

10 the first timer. 

The duration of the second timer may be increased with each transmission of the request for 

transmission of the second portion of system information. 

15 Thus, for example, if the further (second) request for transmission of the second portion of 

system information is unsuccessful, the terminal device may transmit a third request for the 

second portion of system information. In embodiments where the duration of the second 

timer increases with each subsequent attempt, the time between transmission of the second 

request and transmission of the third request may be greater than the time between 

20 transmission of the first request and transmission of the second request. This provides a 

back-off mechanism, by which later requests for the second portion of system information 

are less frequent than earlier requests for the second portion of system information. 

In some embodiments, the duration of the second timer is increased linearly between 

25 consecutive requests for the second portion of system information. 

In other embodiments the duration of the second timer is increased exponentially between 

consecutive requests for the second portion of system information. 

30 The increase of the duration of the second timer may be either configured by the network 

using the first portion of system information or configured using dedicated signaling. 

Alternatively, the duration and increase of the second timer may be provided, or hard coded, 

in the specifications. 

35 The second request for the second portion of system information may be transmitted using a 

higher transmit power than the first request for the second portion of system information. A 
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higher transmit power may increase a likelihood that the request will be received by the 

network node. The transmit power may be increased (ramped) for each subsequent 

transmission attempt until a maximum transmit power is reached. In such embodiments, the 

request for transmission of the second portion of system information may comprise a 

5 random-access preamble message. 

Alternatively, the terminal device may determine that the request was received by the 

network node, that the second portion of system information was transmitted by the network 

node, and that the error arose owing to a failure to receive the second portion of system 

10 information. For example, as noted above, the presence of a broadcast flag in subsequent 

transmissions of the first portion of the system information may indicate that the transmitted 

request was received. The presence of an identifier for the terminal device (such as S1-

RNTI) in a transmission by the network node may also indicate that the transmitted request 

was received. In such embodiments, therefore, subsequent requests for transmission of the 

15 second portion of system information may be transmitted at the same transmit power. 

Subsequent requests for transmission of the second portion of system information may also 

be transmitted without the back-off mechanism, whereby later requests are transmitted with 

lower periodicity than earlier requests. 

20 In other words, in some embodiments, the terminal device may continue to transmit requests 

for the second portion of system information until the second portion of system information is 

received successfully, until a maximum number of transmission attempts has been reached, 

or until a maximum transmit power has been reached. 

25 If in step 407 the terminal device determines that the counter value is not less than the 

maximum value Nmax the method passes to step 411 in which the cell on which the terminal 

device is operating (i.e. the cell serviced by the network node) is barred, is deemed to have 

limited service, or is deemed to have one or more unavailable services. Alternatively, if the 

maximum transmit power has been reached, the terminal device may similarly deem the cell 

30 barred, to have limited service, or to have one or more unavailable services 

In some embodiments, where the terminal device is in an idle or inactive state, responsive to 

a determination that reception of the second portion of system information has failed, the 

terminal device may switch to a connected state (such as RRC_CONNECTED), and acquire 

35 the second portion of system information using dedicated signalling from the network node 

(such as RRC signalling). The terminal device may switch to the connected state upon 

13 

Ex.1015 
APPLE INC. / Page 24 of 50



Attorney Ref. 1 009-2287 
Client Ref. P71988 US1 

reaching the maximum number of transmission attempts, or the maximum transmit power, 

for example, Optionally, the terminal device may switch to the connected state before the 

maximum number of transmission attempts has been reached. For example, it may be 

beneficial for the terminal device to switch to the connected state if the terminal device can 

5 determine that the second portion of system information was transmitted by the network 

node, and possibly even partially read by the terminal device (e.g. to read the PDCCH/SI­

RNTI), but not decoded in full by the terminal device. 

Figure 5 illustrates a flow chart of a random access procedure according to embodiments of 

10 the disclosure, where the request for the second portion of system information is transmitted 

with a random access preamble message. The method may be carried out in a terminal 

device. 

In step 501 the method comprises setting an initial transmission power and selecting a 

15 random-access preamble from the plurality of preambles available to the terminal device. In 

some embodiments the preamble may be selected from a subset of preambles which are 

understood by the network node to indicate a request for transmission of a second portion of 

system information. Alternatively, the preamble may be configured for transmission using a 

defined instance (e.g. defined resources, such as a frequency and time slot, mini slot or sub-

20 frame) which is understood by the network node to indicate that the transmitted preamble is 

a request for transmission of a second portion of system information. The request may 

specify all of the second portion of system information, or only part of it (e.g. particular 

system information blocks or signals). 

25 In step 503 the terminal device transmits the random-access preamble message to a 

network node. In one embodiment, the method then passes to step 505. In another 

embodiment, the method passes to step 527. In further embodiments, steps 505 and 527, 

and their respective subsequent steps, may be performed in parallel. 

30 In step 505 the terminal device checks subsequent transmissions of the first portion of 

system information to determine if a broadcast flag is present, or set. As previously 

described, the minimum system information may be broadcast periodically and therefore, if 

the network node has broadcast the second portion of system information, it may indicate 

this in a subsequent broadcast of the minimum system information. 

35 
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If no broadcast flag is found in the first portion of system information, the method passes to 

step 509 in which the terminal device assumes that the random-access preamble message 

was not received by the network node. The method then passes to step 511 in which the 

terminal device prepares to retransmit the preamble message. In some embodiments, the 

5 retransmission may use power ramping to transmit subsequent preamble messages at a 

higher transmit power, as one possible reason for this error is too low a transmission power 

at the terminal device side. In some embodiments the preamble may be retransmitted with 

back-off delay as described with respect to Figure 4. 

10 In all cases, the retransmitted random-access preamble message may use the same 

preamble, or a new, randomly selected preamble. Where a subset of available preambles is 

configured to indicate that the random-access preamble message is a request for 

transmission of the second portion of system information, the same preamble may be used 

for retransmissions. 

15 

20 

Similarly, if the preamble specifies particular parts of the second portion of system 

information, then the same preamble will be transmitted as the method passes back to step 

503 from step 511. However, if the preamble does not specify the requested system 

information then a new preamble may be selected randomly. 

If at step 505 the terminal device determines that the broadcast flag is present, the method 

passes to step 507 in which the terminal device assumes that the preamble was received by 

the network node. The method then passes to step 513 in which the terminal device 

monitors the system information transmission window, i.e. resources on which the second 

25 portion of system information is to be transmitted. 

In step 513 the terminal device monitors the system information transmission window to 

determine if an identifier indicating transmission of the second portion of system information 

is received by the terminal device during the transmission window. The identifier may be a 

30 System information Radio Network Temporary Identifier (SI-ANTI) indicating that the second 

portion of system information has been transmitted by the network node during the 

transmission window. 

If the SI-RNTI is not received by the terminal device in step 515, the method passes to step 

35 519 in which the terminal device prepares to retransmit the preamble, and the method 

proceeds to step 503. As in this case it is clear that the preamble was received by the 
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network node (as the first portion of system information comprised a broadcast flag), there is 

no benefit to increasing the power of the preamble transmission so no power ramping need 

be applied. One possible reason for this error is too low a transmission power in the network 

side 

If the SI-RNTI is received during the transmission window in step 517, the method 

determines whether or not the second portion of system information is actually received by 

the terminal device. In some embodiments, this may rely on the system information being 

received before the expiry of a first timer, as described with reference to Figure 4, or may 

10 rely upon successful decoding of the second portion of system information. 

15 

If the second portion of system information is received in step 523, the procedure ends 

successfully in step 525. If, however, the second portion of system information is not 

received, in step 521, the method passes to step 519. 

In step 527, the terminal device monitors the system information transmission window to 

determine if an identifier indicating transmission of the second portion of system information 

is received by the terminal device during the transmission window. The identifier may be a 

System information Radio Network Temporary Identifier (SI-RNTI) indicating that the second 

20 portion of system information has been transmitted by the network node during the 

transmission window. 

If the SI-RNTI is not received by the terminal device in step 539 the terminal device assumes 

that the preamble was not received by the network node. The method then passes to step 

25 54 i in which the terminal device prepares to retransmit the preamble. As in this case it is not 

clear that the preamble was received by the network node {as the broadcast flag was not 

monitored), there may be benefit to increasing the power of the preamble transmission so 

power ramping may be applied in subsequent re-transmissions of random-access preamble 

messages. 

30 

If the SI-RNTI is received during the transmission window in step 529 the terminal device 

assumes that the preamble was received by the network node. The method then determines 

whether or not the second portion of system information is actually received by the terminal 

device. In some embodiments, this may rely on the system information being received 

35 before the expiry of a first timer, as described with reference to Figure 4, or may rely upon 

successful decoding of the second portion of system information. 
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If the second portion of system information is received in step 531, the procedure ends 

successfully in step 535. If, however, the second portion of system information is not 

received, in step 533, the method passes to step 537 in which the terminal device in which 

5 the terminal device prepares to retransmit the preamble. As in this case it is clear that the 

preamble was received by the network node as the SI-RNTI was received, there is no 

benefit to increasing the power of the preamble transmission so no power ramping need be 

applied. One possible reason for this error is too low a transmission power in the network 

side. 

10 

15 

Figure 6 illustrates illustrates a flowchart of a random access procedure according to further 

embodiments of the disclosure, where the request for the second portion of system 

information is transmitted as part of a radio resource control connection message. The 

method may be carried out in a terminal device. 

In step 601 the method comprises setting an initial transmission power and selecting a 

random-access preamble. The selection may be random, from a plurality of preambles 

available to the terminal device. 

20 In step 603 the terminal device transmits the random-access preamble to a network node. If 

no Random Access Response (RAR) is received at the terminal device in step 605, the 

method passes to step 607 in which the terminal device reselects a preamble to transmit. In 

some embodiments power ramping is applied for the transmission of a second preamble, as 

one possible reason for this error is too low a transmission power in the terminal device side. 

25 The method then passes back to step 603 and the selected preamble is transmitted. 

30 

If in step 609 a RAR is received the method passes to step 611 in which a radio resource 

control connection message is transmitted to the network node. The radio resource control 

message is referred to as Msg3. 

If the Msg3 is not received successfully a Hybrid automatic repeat request (HARO) failure 

may occur in step 613. That is, the network node should transmit an acknowledgement 

message (ACK) to the terminal device, acknowledging successful receipt of Msg3. If no 

acknowledgment message is received, or if a negative acknowledgement message (NACK) 

35 is received, the method may proceed to step 613. The method will then move to step 615 in 

which the terminal device reselects a preamble to transmit. In this case, the terminal device 
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may not apply power ramping because, as the preamble was received by the network node, 

it is clear that the power applied by the terminal device is sufficient. In some embodiments, 

some increase back-off delay may be applied by the terminal device as described with 

reference to Figure 4. 

If the Msg3 is received successfully, a HARO success will occur at step 617. The method 

then passes to either step 619 or step 631. However, in some embodiments steps 619 and 

631, and their respective subsequent steps, may be performed in parallel. 

10 In step 631 the terminal device checks subsequent transmissions of the first portion of 

system information to determine if a broadcast flag is present, or set. As previously 

described, the minimum system information may be broadcast periodically and therefore, if 

the network node has broadcast the second portion of system information it may indicate this 

in a subsequent broadcast of the minimum system information. 

15 

If no broadcast flag is found in the first portion of system information, the method passes to 

step 633 in which the terminal device assumes, for example, that a preamble collision an 

erroneous HARO success occurred. Alternatively the error may be due to some general 

error within the network node. The method then passes to step 615 in which the terminal 

20 device prepares to retransmit another preamble message. 

If at step 631 the terminal device determines that an indication of transmission of the second 

portion of system information, or broadcast flag, is present in a subsequent first portion of 

system information, the method passes to step 635 in which the terminal device assumes 

25 that the Msg3 was received by the network node. The method then passes to step 637 in 

which the terminal device monitors the system information transmission window. 

In step 637 the terminal device monitors the system information transmission window to 

determine if an identifier indicating transmission of the second portion of system information 

30 is received by the terminal device during the transmission window. The identifier may be a 

System information Radio Network Temporary Identifier (SI-ANTI) indicating that the second 

portion of system information has been transmitted by the network node during the 

transmission window. 

35 If the SI-ANTI is not received by the terminal device in step 639, the method passes to step 

615 in which the terminal device prepares to retransmit the preamble. As in this case it is 
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clear that the preamble was received by the network node as the broadcast flag was 

received, there is no benefit to increasing the power of the preamble transmission so no 

power ramping need be applied. One possible reason for this error is too low a transmission 

power in the network side 

If the SI-RNTI is received during the transmission window in step 641, the method 

determines whether or not the second portion of system information is actually received by 

the terminal device. In some embodiments, this may rely on the second portion of system 

information being received before the expiry of a first timer, as described with reference to 

10 figure 4, or rely on successful decoding of the second portion of system information. 

15 

If the second portion of system information is received in step 645, the procedure ends 

successfully in step 647. If, however, the second portion of system information is not 

received, in step 643, the method passes to step 615. 

In step 619, the terminal device monitors the system information transmission window to 

determine if an identifier indicating transmission of the second portion of system information 

is received by the terminal device during the transmission window. The identifier may be a 

System information Radio Network Temporary Identifier (SI-RNTI) indicating that the second 

20 portion of system information has been transmitted by the network node during the 

transmission window. 

If the SI-RNTI is not received by the terminal device in step 621 the terminal device assumes 

a preamble collision or an erroneous HARO success occurred. Alternatively the error may be 

25 due to some general error within the network node. The method then passes to step 615 in 

which the terminal device prepares to retransmit the preamble. 

If the SI-RNTI is received during the transmission window in step 623 the terminal device 

assumes that the Msg3 was received by the network node. The method then determines 

30 whether or not the second portion of system information is actually received by the terminal 

device. In some embodiments, this may rely on the system information being received 

before the expiry of a first timer, as described with reference to Figure 4, or rely upon 

successful decoding of the second portion of system information. 

35 If the second portion of system information is received in step 627, the procedure ends 

successfully in step 629. If, however, the second portion of system information is not 
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received, in step 625, the method passes to step 615 in which the terminal device in which 

the terminal device prepares to retransmit the preamble. As in this case it is clear that the 

preamble was received by the network node as the SI-RNTI was received, there is no 

benefit to increasing the power of the preamble transmission so no power ramping need be 

5 applied. One possible reason for this error is too low a transmission power in the network 

side. 

The embodiments described above may be combined to provide further embodiments. For 

example, as mentioned above, there may be a (possibly configurable) maximum number of 

10 request attempts, Nmax, (e.g. preamble retransmissions), until the terminal device determines 

that the request has failed. Similarly, in power ramping embodiments, the terminal device 

may reach a maximum transmit power. In either case, at this point, the terminal device may 

consider the cell on which it is operating as one of barred; accessible but with limited 

service; accessible (unbarred) but with the related service as unavailable (in the cell). 

15 

20 

Figure 7 is a schematic diagram of a terminal device 700 according to embodiments of the 

disclosure. For example, the terminal device 700 may correspond to the terminal device 16 

described above. The terminal device 700 may be suitable for performing the method 

described above with respect to any of Figures 3-6. 

The terminal device 700 comprises processing circuitry 702 and a non-transitory machine­

readable medium 704 storing instructions which, when executed by the processing circuitry 

702, cause the terminal device to: receive, from a network node of the wireless network, a 

first portion of system information comprising an indication of a second portion of system 

25 information which is available upon request; transmit, to the network node, a first request 

requesting that the second portion of system information be transmitted to the terminal 

device; and responsive to a determination that the requested second portion of system 

information has not been received successfully by the terminal device, transmit, to the 

network node, a second request for the second portion of system information. 

30 

The terminal device 700 may also generally comprise hardware and/or software for 

transmitting and receiving wireless signals, such as one or more antennas, and transceiver 

circuitry coupled to the one or more antennas, such that the receiving and transmitting 

operations described above, while controlled by processing circuitry 702, utilize the 

35 transceiver circuitry. 
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Figure 8 is a schematic diagram of a terminal device 800 according to further embodiments 

of the disclosure. For example, the terminal device 800 may correspond to the terminal 

device 16 described above. The terminal device 800 may be suitable for performing the 

method described above with respect to any of Figures 3-6. 

The terminal device 800 comprises a first module 802, a second module 804 and a third 

module 806. The first module 802 is configured to receive, from a network node of the 

wireless network, a first portion of system information comprising an indication of a second 

portion of system information which is available upon request. The second module 804 is 

10 configured to transmit, to the network node, a first request requesting that the second portion 

of system information be transmitted to the terminal device. The third module 806 is 

configured to, responsive to a determination that the requested second portion of system 

information has not been received successfully by the terminal device, transmit, to the 

network node, a second request for the second portion of system information. 

15 

The terminal device 800 may also generally comprise hardware and/or modules for 

transmitting and receiving wireless signals, such as one or more antennas, and transceiver 

modules coupled to the one or more antennas. 

20 The disclosure thus provides methods and apparatus in a wireless communication network 

for requesting and receiving system information, and particularly for identifying and 

recovering from errors in the reception of system information. 

It should be noted that the above-mentioned embodiments illustrate rather than limit the 

25 concepts disclosed herein, and that those skilled in the art will be able to design many 

alternative embodiments without departing from the scope of the appended following 

statements. The word "comprising" does not exclude the presence of elements or steps 

other than those listed in a statement, "a" or "an" does not exclude a plurality, and a single 

processor or other unit may fulfil the functions of several units recited in the statements. 

30 Any reference signs in the statements shall not be construed so as to limit their scope. 
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The following numbered statements set out embodiments of the disclosure: 

1. A method of requesting system information in a terminal device for a wireless 

5 network, the method comprising: 

receiving, from a network node of the wireless network, a first portion of system 

information comprising an indication of a second portion of system information which is 

available upon request; 

transmitting, to the network node, a first request requesting that the second 

10 portion of system information be transmitted to the terminal device; and 

15 

responsive to a determination that the requested second portion of system 

information has not been received successfully by the terminal device, transmitting, to 

the network node, a second request for the second portion of system information. 

2. A method as in paragraph 1 wherein the terminal device is operating in an idle or 

inactive state. 

3. A method as in paragraph 1 or 2 wherein the indication of a second portion of 

system information comprises a list of system information blocks or system information 

20 messages belonging to the second portion of system information. 

25 

4. A method as in any preceding paragraph wherein the first portion of system 

information further comprises an indication of resources on which the second portion of 

system information is transmitted. 

5. A method as in paragraph 4 wherein the resources comprise an indication of a 

transmission window in which the second portion of system information is transmitted. 

6. A method as in any preceding paragraph, wherein the first portion of the system 

30 information is broadcast periodically by the network node. 

7. A method as in any preceding paragraph further comprising: 

setting a first timer upon transmission of the first request, and 
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determining that the requested second portion of system information has not 

been received successfully by the terminal device upon expiry of the first timer without 

receipt of the second portion of system information. 

8. A method as in any preceding paragraph further comprising 

setting a second timer upon transmission of the first request, and 

transmitting the second request for the second portion of system information 

upon expiry of the second timer. 

10 9. A method as in any preceding paragraph further comprising, responsive to a 

determination that the requested second portion of system information has not been 

received successfully by the terminal device, 

15 

transmitting, to the network node, a third request for the second portion of 

system information. 

10. A method as in paragraph 9 when dependent on paragraph 8 wherein a duration 

of the second timer is increased for the third and subsequent requests for the second 

portion of system information. 

20 11 . A method as in paragraph 10 wherein the duration of the second timer is 

increased linearly between consecutive requests for the second portion of system 

information. 

12. A method as in paragraph 1 0 wherein the length of the second timer is increased 

25 exponentially between consecutive requests for the second portion of system 

information 

30 

13. A method as in any one of paragraphs 10 to 12 wherein a duration of the second 

timer is provided in the first portion of system information. 

14. A method as in any one of paragraphs 9 to 13, further comprising, 

responsive to a determination that a total number of requests has reached or 

exceeded a maximum number; 
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determining that a cell associated with the network node is barred, has limited 

service, or has one or more unavailable services. 

15. A method as in paragraph 14 wherein the first portion of system information 

5 comprises an indication of the maximum number. 

16. A method as in any preceding paragraph, further comprising; 

responsive to a determination that reception of the second portion of system 

10 information has failed, switching to a connected state and acquiring the second portion 

of system information using dedicated signalling from the network node. 

17. A method as in any preceding paragraph wherein the determination that the 

requested second portion of system information has not been received successfully by 

15 the terminal device comprises determining that the first request was not received by the 

network node. 

18. A method as in paragraph 17 wherein, 

the first portion of system information is transmitted periodically, and wherein 

20 the step of determining that the first request was not received by the network node 

comprises determining that there is no indication of transmission of the second portion 

of system information in a subsequent first portion of system information. 

19. A method as in paragraph 17 wherein the step of determining that the first 

25 request was not received by the network node comprises determining that no identifier 

indicating transmission of the second portion of system information was received by the 

terminal device during a transmission window. 

20. A method as in any one of paragraphs 1 to 16 wherein the determination that the 

30 requested second portion of system information has not been received successfully by 

the terminal device comprises determining that the second portion of system 

information was not received by the terminal device. 

21. A method as in paragraph 20 wherein, 
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the first portion of system information is transmitted periodically, and wherein the 

step of determining that the second portion of system information was not received by 

the terminal device comprises determining that a subsequent first portion of system 

information comprises an indication of transmission of the second portion of system 

5 information. 

22. A method as in paragraph 20 wherein determining that the second portion of 

system information was not received by the terminal device comprises determining that 

an identifier indicating transmission of the second portion of system information was 

10 received by the terminal device during a transmission window. 

23. A method as in any preceding paragraph wherein the first request comprises a 

random access preamble message. 

15 24. A method as in paragraph 23 when dependent on any one of paragraphs 17 to 

19, wherein the second request is transmitted with higher transmit power than the first 

request. 

25. A method as in any one of paragraphs 1 to 22 wherein the first request is 

20 transmitted as part of a radio resource control connection message. 

26. A terminal device for a wireless network, the terminal device configured to carry 

out a method as described in any one of paragraphs 1 to 25. 

25 27. A terminal device for requesting system information, the terminal device 

comprising: 

processing circuitry and a machine-readable medium storing instructions which, 

when executed by the processing circuitry, cause the terminal device to: 

receive, from a network node of the wireless network, a first portion of system 

30 information comprising an indication of a second portion of system information which is 

available upon request; 

transmit, to the network node, a first request requesting that the second portion of 

system information be transmitted to the terminal device; and 
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responsive to a determination that the requested second portion of system 

information has not been received successfully by the terminal device, transmit, to the 

network node, a second request for the second portion of system information. 

5 28. A terminal device as in paragraph 27 wherein the terminal device is operative in 

an idle or inactive state. 

29. A terminal device as in paragraph 27 or 28 wherein the indication of a second 

portion of system information comprises a list of system information blocks or system 

10 information messages belonging to the second portion of system information. 

15 

30. A terminal device as in any one of paragraphs 27 to 29 wherein the first portion of 

system information further comprises an indication of resources on which the second 

portion of system information is transmitted. 

31. A terminal device as in paragraph 30 wherein the resources comprise an 

indication of a transmission window in which the second portion of system information 

is transmitted. 

20 32. A terminal device as in any one of paragraphs 27 to 31, wherein the first portion 

of the system information is broadcast periodically by the network node. 

33. A terminal device as in any one of paragraphs 27 to 32 wherein the terminal 

device is operable to: 

25 set a first timer upon transmission of the first request, and 

determine that the requested second portion of system information has not been 

received successfully by the terminal device upon expiry of the first timer without 

receipt of the second portion of system information. 

30 34. A terminal device as in any one of paragraphs 27 to 33 wherein the terminal 

device is operable to: 

set a second timer upon transmission of the first request, and 

transmit the second request for the second portion of system information upon 

expiry of the second timer. 
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35. A terminal device as in any one of paragraphs 27 to 34 wherein the terminal 

device is operable to: 

responsive to a determination that the requested second portion of system 

5 information has not been received successfully by the terminal device, transmit, to the 

network node, a third request for the second portion of system information. 

36. A terminal device as in paragraph 35 when dependent on paragraph 34 wherein 

a duration of the second timer is increased for the third and subsequent requests for 

1 0 the second portion of system information. 

15 

37. A terminal device as in paragraph 36 wherein the duration of the second timer is 

increased linearly between consecutive requests for the second portion of system 

information. 

38. A terminal device as in paragraph 36 wherein the length of the second timer is 

increased exponentially between consecutive requests for the second portion of 

system information 

20 39. A terminal device as in any one of paragraphs 36 to 38 wherein a duration of the 

second timer is provided in the first portion of system information. 

40. A terminal device as in any one of paragraphs 35 to 39, wherein the terminal 

device is operable to: 

25 responsive to a determination that a total number of requests has reached or 

exceeded a maximum number; determine that a cell associated with the network node 

is barred, has limited service, or has one or more unavailable services. 

41. A terminal device as in paragraph 40 wherein the first portion of system 

30 information comprises an indication of the maximum number. 

42. A terminal device as in any one of paragraphs 27 to 41, wherein the terminal 

device is further operable to: 
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responsive to a determination that reception of the second portion of system 

information has failed, switch to a connected state and acquire the second portion of 

system information using dedicated signalling from the network node. 

5 43. A terminal device as in any one of paragraphs 27 to 42 wherein the terminal 

device is operable to determine that the requested second portion of system 

information has not been received successfully by the terminal device by determining 

that the first request was not received by the network node. 

10 44. A terminal device as in paragraph 43 wherein, 

the first portion of system information is transmitted periodically, and wherein 

wherein the terminal device is operable to: 

determine that the first request was not received by the network node by 

determining that there is no indication of transmission of the second portion of system 

15 information in a subsequent first portion of system information. 

45. A terminal device as in paragraph 43 wherein the terminal device is further 

operable to: 

determine that the first request was not received by the network node by 

20 determining that no identifier indicating transmission of the second portion of system 

information was received by the terminal device during a transmission window. 

46. A terminal device as in any one of paragraphs 27 to 42 wherein the terminal 

device is further operable to: 

25 determine that the requested second portion of system information has not been 

received successfully by the terminal device by determining that the second portion of 

system information was not received by the terminal device. 

47. A terminal device as in paragraph 46 wherein, 

30 the first portion of system information is transmitted periodically, and wherein the 

terminal device is further operable to: 

determine that the second portion of system information was not received by the 

terminal device by determining that there is an indication of transmission of the second 

portion of system information in a subsequent first portion of system information. 
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48. A terminal device as in paragraph 46 wherein the terminal device is further 

operable to: 

determine that the second portion of system information was not received by the 

5 terminal device by determining that an identifier indicating transmission of the second 

portion of system information was received by the terminal device during a 

transmission window. 

49. A terminal device as in as in any one of paragraphs 27 to 48 wherein the first 

1 0 request comprises a random access preamble message. 

15 

50. A terminal device as in paragraph 49 when dependent on any one of paragraphs 

43 to 45, wherein the second request is transmitted with higher transmit power than the 

first request. 

51. A terminal device as in any one of paragraphs 27 to 48 wherein the first request 

is transmitted as part of a radio resource control connection message. 

52. A terminal device for a wireless network, for requesting system information, the 

20 terminal device comprising: 

a first module configured to receive, from a network node of the wireless network, 

a first portion of system information comprising an indication of a second portion of 

system information which is available upon request; 

a second module configured to transmit, to the network node, a first request 

25 requesting that the second portion of system information be transmitted to the terminal 

device; and 

a third module configured to, responsive to a determination that the requested 

second portion of system information has not been received successfully by the 

terminal device, transmit, to the network node, a second request for the second portion 

30 of system information. 
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