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1 Introduction
During the RAN2 #98 meeting mechanism to transmit SI request was discussed and following agreements were made:

In this contribution we discuss the remaining issues (MSG1/MSG3 procedure details; SI acquisition failure handling; need of additional TX indication; and which and how many SI periods to monitor for receiving requested SIB) of on demand SI acquisition procedure. 
2 Discussion
2.1 MSG 1 Based Procedure
Figure 1 illustrates the operation for obtaining a SIB (e.g. SIB X) which is provided on demand (i.e. not broadcasted periodically) using MSG1 based SI request. MSI includes an indicator which indicates whether the SIB X is broadcasted or provided on demand. In this example, indicator is set to ‘1’ indicating that SIB X is provided on demand. 
1 UE interested in acquiring SIB X checks MSI and based on indicator for concerning SI-block i.e. SIB X determines that SIB X is provided on demand. 

2 UE then determines based on information in MSI that it has to indicate SI request using MSG 1 or MSG3. 
3 PRACH preamble and/or PRACH resource specific to each SI message or set of SI messages which the UE needs to acquire is included in minimum SI if network wants UE to indicate SI request using MSG 1. UE selects the PRACH preamble and/or PRACH resource corresponding to SI message which includes SIB X. 
4 UE then transmits PRACH preamble using selected PRACH preamble and/or PRACH resource. 
· Open Issue 1:  How does the UE calculate power for SI request transmission?

· Since closed loop power control is not possible in idle and inactive state, UE calculates the initial power for SI request transmission based on open-loop estimation with full compensation for the path loss in same manner as any other PRACH preamble transmission. There is no reason to design a new scheme to calculate power for transmitting PRACH preamble for SI request.
Proposal 1: The initial power for SI request (i.e. PRACH preamble) transmission is calculated in same manner like any other PRACH preamble transmission.
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Figure 1
5 As agreed in last meeting, network sends an acknowledgment in MSG 2 (i.e. RAR) to the UE’s SI request. 
· Open Issue 2:  When and where does UE receive RAR for UE’s SI request? 

· After sending the SI request i.e. PRACH preamble for receiving the SIB X, we propose that UE monitors the RAR window for receiving the RAR corresponding to its PRACH transmission indicating SI request. 

Proposal 2: After the PRACH preamble transmission indicating SI request, UE monitors the RAR window for receiving the RAR corresponding to its PRACH preamble transmission indicating SI request. Length of RAR window for receiving RAR corresponding to its PRACH preamble transmission indicating SI request is configured in MSI. 
· Open Issue 3: What should be included in RAR acknowledging SI request?

· RAR corresponding to PRACH transmission indicating SI request should at least include random access preamble identifier (RAPID). Other information such as timing advance, C-RNTI, etc are not needed. However, in order to have a single RAR format, the fields other than RAPID can be present, but they are ignored by the UE. We prefer to have a single RAR format. Multiple RAR formats increases UE’s complexity and testing efforts. Removing these fields, may reduce overhead of RAR (depending on minimum TBS size defined by RAN1). However, the gain in system capacity by removing these fields is not clear.

· It was proposed in [2] to acknowledge different SI requests from different UEs using a bitmap in RAR. UE monitors RAR window relative to its SI request and the probability of several SI requests in a short time window closer to UE’s request is very low. In case of beamforming, RAR is transmitted in DL TX beam identified by gNB based on received SI request. The probability of several SI requests from UEs in coverage of same DL TX beam and in a short time window closer to UE’s request is very low. So we do not see gain in optimising the format for multiplexing acknowledgements for multiple SI requests in RAR.

Proposal 3: RAR corresponding to PRACH transmission indicating SI request (MSG 1 based) should at least include random access preamble identifier (RAPID). A single RAR format is desirable for both MSG1 and MSG3 based approaches to reduce UE complexity and testing efforts.
· Open Issue 4: Which RA-RNTI is used for NR-PDCCH monitoring?
· UE monitors the NR-PDCCH for RAR identified by RA-RNTI in RAR window. As explained earlier, the probability of several SI requests from UEs in coverage of same DL TX beam and in a short time window closer to a UE’s request is very low. There is not much gain in using a common RA-RNTI. So we prefer to follow the same procedure as random access i.e. NR-PDCCH is addressed to RA-RNTI corresponding to RACH resource (time & frequency resource) in which SI request is received by gNB. RA-RNTI is calculated in the same manner for PRACH preamble transmission indicating SI request like any other PRACH preamble transmission.
Proposal 4:   UE monitor the NR-PDCCH for RAR identified by RA-RNTI in RAR window. RA-RNTI is calculated in the same manner for PRACH preamble transmission indicating SI request like any other PRACH preamble transmission.
6 If RAR is received by UE, it considers that SI request is successfully received by gNB. UE then monitors the SI window of the SIB X (according to scheduling information) in one or more SI periods of SIB X.
7 If RAR corresponding to its PRACH preamble transmission indicating SI request is not received by UE in RAR window, it is natural that UE retransmits the SI request (i.e. PRACH preamble transmission). 
· Open Issue 5:  How does the UE calculate power for SI request retransmission?

· During PRACH preamble re-transmission indicating SI request, power is ramped up like any other PRACH preamble re-transmission.

Proposal 5: If RAR corresponding to its PRACH preamble transmission indicating SI request is received by UE, it considers that SI request is successfully received by gNB. UE then monitors the SI window of the requested SIB in one or more SI periods of that SIB.
Proposal 6: If RAR corresponding to its PRACH preamble transmission indicating SI request is not received by UE, it considers that SI request is not successfully received by gNB. UE then retransmits the SI request. 

Proposal 7: During the PRACH preamble re-transmission indicating SI request, power is ramped up like any other PRACH preamble re-transmission.
2.2 MSG 3 Based Procedure
Figure 2 illustrates the operation for obtaining a SIB (e.g. SIB X) which is provided on demand (i.e. not broadcasted periodically) using the MSG3 based SI request. 

1 UE interested in acquiring SIB X checks MSI and based on indicator for concerning SI-block i.e. SIB X determines that SIB X is provided on demand. 

2 UE then determines based on information in MSI that it has to indicate SI request using MSG 1 or MSG 3. PRACH preamble and/or PRACH resource specific to each SIB or set of SIBs which the UE needs to acquire is not included in minimum SI if network wants UE to indicate SI request using MSG 3. 
3 UE then initiates the random access procedure. 
· Open Issue 6: Is there any need to reserve PRACH preamble and/or PRACH resources?

· There is no need for reserving set of PRACH preamble and/or PRACH resources SI purposes when MSG3 based approach is used. SI request can be transmitted in similar manner as RRC connection request, RRC connection resume request, etc during the random access procedure. UE selects PRACH preamble and PRACH resource from non SI specific RACH configuration in MSI for PRACH preamble transmission. UE transmits PRACH preamble using selected PRACH preamble and/or PRACH resource. 
Proposal 8:  PRACH Preambles and/or PRACH resources are not reserved for transmitting PRACH preamble in MSG 3 based approach. 

Proposal 9:   UE selects PRACH preamble and PRACH resource for PRACH preamble transmission from PRACH preambles and PRACH resources configured for initial access in minimum system information.

4 UE then monitors the RAR window for receiving the RAR corresponding to its PRACH transmission. UE monitor the NR-PDCCH for RAR identified by RA-RNTI in RAR window. RAR should at least include random access preamble identifier (RAPID), timing advance, temporary C-RNTI and UL grant.
Proposal 10: UE monitors the RAR window for receiving the RAR corresponding to its PRACH preamble transmission after transmitting the PRACH preamble. RAR should at least include random access preamble identifier (RAPID), timing advance, ‘temporary C-RNTI’ and UL grant. A single RAR format is desirable for both MSG1 and MSG3 based approaches to reduce UE complexity and testing efforts.
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Figure 2
5 After the successful reception of RAR, UE sends MSG3 including CCCH SDU i.e. system information request message in UL grant received in RAR. 

· Open Issue 7: What is included in MSG3?

· The information about the SIB(s) needed by UE is included in system information request message. For contention resolution, UE identity is also included in system information request message. There is no need of any cause value in system information request message. 

· Further, there is no need to optimize MSG3 used for RRC Connection Request, RRC Connection Resume and RRC Connection re-establishment to include SI request. If the UE intends to transition to connected state then the UE can make SI request through RRC signaling in connected state. There is no urgency identified to include SI request in RRC connection control messages.

Proposal 11: UE transmits SI request message in UL grant received in RAR. 
·    The information about the one or more SIB(s) needed by UE is included in SI request message. 
·    For contention resolution, UE identity is also included in SI request message. 
·   There is no need of any cause value in SI request message.
·   There is no need to include SI request in RRC connection control messages.
· Open Issue 8: Is there an acknowledgment in MSG4 for SI request in MSG 3?
· Similar to MSG1 based SI request we propose that acknowledgment is also needed for MSG3 based SI request to enable quick retransmission. It also simplifies specification and UE operation as it enables re-use of 4 step RACH procedure.

6 After sending SI request message, UE waits for MSG4. 

· Open Issue 9: What should be included in MSG 4 acknowledging SI request?
· The MSG 4 should include the UE Contention Resolution Identity i.e. CCCH SDU transmitted in MSG 3. It was proposed in [2] to acknowledge different SI requests from different UEs using a bitmap in MSG 4. UE monitors MSG 4 in subframe relative to its SI request and the probability of several SI requests at same time as UE’s request is very low. So we do not see gain in optimising the format for multiplexing acknowledgements for multiple SI requests in MSG 4.

· Open Issue 10: Which RNTI is used for NR-PDCCH monitoring?

· As explained earlier, UE monitors MSG 4 in subframe relative to its SI request and the probability of several SI requests at same time as UE’s request is very low. There is not much gain in using a common RNTI. So we prefer to follow the same procedure as random access procedure i.e. NR-PDCCH for MSG4 is addressed using temporary C-RNTI. Temporary C-RNTI is included in RAR.
Proposal 12: After sending SI request message, UE waits for MSG4 including UE Contention Resolution Identity i.e. CCCH SDU transmitted in MSG 3. NR-PDCCH for MSG4 is addressed using temporary C-RNTI. 
7 After receiving the MSG 4 including the UE Contention Resolution Identity which matches the CCCH SDU transmitted in MSG 3, UE monitors the SI window of the requested SIB in one or more SI periods of the requested SIB. 
8 In case of failure to receive the RAR or MSG 4, UE will retransmit the RACH preamble as in normal random access procedure.
Proposal 13: After receiving the MSG 4 including the UE Contention Resolution Identity which matches the CCCH SDU transmitted in MSG 3, UE monitors the SI window of the requested SIB in one or more SI periods of the requested SIB.
Proposal 14: In case of failure to receive the RAR or MSG 4, UE will retransmit the RACH preamble as in normal random access procedure.
2.3 SI Acquisition Failure Handling
If the SI request transmission is not successful even after transmitting the SI request (in both MSG1 and MSG 3 based approach) for maximum number of retries, UE may consider the camped cell as unsuitable (or barred) and perform cell re-selection, as UE cannot obtain the desired system information. In the absence of the desired system information, UE cannot obtain the desired service (associated with the system information which UE is not able acquire) from the camped cell.

Proposal 15: If the SI request transmission is not successful even after transmitting the SI request for maximum number of retries, UE may consider the camped cell as unsuitable (or barred) and perform cell re-selection.
2.4 Additional TX Indication
If minimum SI (MSI) indicates that a SIB is provided on demand (i.e. not broadcasted periodically) and network transmits that SIB based on UE request then whether the network indicates using an additional indication that the concerned SIB is being broadcasted at this instant is FFS. In this section we discuss whether such an additional indication is needed or not. 

Figure 3 illustrates the operation for obtaining a SIB (e.g. SIB X) which is provided on demand (i.e. not broadcasted periodically). MSI includes an indicator which indicates whether the SIB X is broadcasted or provided on demand. In this example, indicator is set to ‘1’ indicating that SIB X is provided on demand. 

1 UE interested in acquiring SIB X checks MSI and based on indicator for concerning SI-block i.e. SIB X determines that SIB X is provided on demand.

2 UE then sends SI request to receive SIB X. 

3 After receiving the SI request for SIB X, network starts transmitting SIB X in one or more SI periods (e.g. N, N+1) of SIB X. If the network does not want other UEs to send request for SIB X while it is transmitting the SIB X based on a UE’s request, it can set the indicator to zero until it transmits the SIB X and later resets the indicator to one as shown in Figure 3.
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Figure 3
Based on the above discussion we can observe that smart network implementation can minimise the SI requests from other UEs for a SIB while it is transmitting that SIB based on a UE’s request using a single indicator for that SIB in MSI. There is no need for an additional indication for this purpose.

Observation#1: Network can minimise the SI requests from other UEs for a SIB while it is transmitting that SIB based on a UE’s request using a single indicator for that SIB in MSI. There is no need for an additional indication.

Proposal 16:    No additional indication is needed to indicate that an on demand SI is actually being broadcast at this instant in time.
The toggling of on-demand indicator does not have any additional impact on behaviour of UE which has sent the request. After sending the SI request for receiving the SIB, UE monitors the SI window of the requested SIB (according to scheduling information obtained from MSI) in one or more SI periods of the requested SIB. UE does not need to reacquire the MSI after sending the SI request for receiving the requested SIB.

Observation#2: The toggling of indicator does not have any additional impact on behaviour of UE which has sent the request.
2.5 SI Period Monitoring
During the study item [3] it was agreed that after sending the SI request, UE monitors the SI window of the requested SIB in one or more SI periods. However it was not discussed which SI periods are monitored by UE. In this section we discuss this aspect and related UE behaviour.


[image: image4.emf]SI REQUEST

SI WINDOW SI WINDOW

SI PERIOD N+1 SI PERIOD N+2

SI WINDOW

SI PERIOD N

TX

SI REQ ACK

SI REQUEST

SI WINDOW

SI PERIOD N+1 SI PERIOD N+2

SI WINDOW

SI PERIOD N

TX

SI REQ ACK

TX

TX

(A)

(A)

(B)

(B)


Figure 4

After sending the SI request successfully, for receiving the requested SIB, UE monitors the SI window of the requested SIB in one or more SI period(s) of that SIB. After receiving the SI request for a SIB, network transmits that SIB in SI window of requested SIB in one or more SI periods of that SIB. If UE is not aware of the SI periods in which requested SIB will be transmitted then UE may unnecessarily monitor SI windows of requested SIB in several SI periods leading to UE power consumption. UE should only monitor the SI window of the requested SIB in one or more SI periods in which requested SIB is actually transmitted by network. 
To ensure that UE/network receive/transmit the request SIB in same SI periods, we propose that UE monitors the SI window of the requested SIB in up to ‘X’ SI periods after receiving the acknowledgment for SI request. The parameter ‘X’ is signaled in MSI. This is illustrated in Figure 4, where value of ‘X’ is 2. In Figure 4A, UE receives acknowledgment in SI period N; UE monitors SI window in SI period N+1 and if requested SIB is not received UE also monitors SI window in SI period N+2. In Figure 4B, UE receives acknowledgment in SI period N+1; UE monitors SI window in SI period N+2 and if requested SIB is not received UE also monitors SI window in SI period N+3.
Proposal 17: After receiving the acknowledgment for SI request, UE monitors the SI window of the requested SIB in up to ‘X’ SI periods. The parameter ‘X’ is signaled in MSI.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposals for MSG1 based on Demand SI Acquisition Procedure:

Proposal 1:  The initial power for SI request (i.e. PRACH preamble) transmission is calculated in same manner like any other PRACH preamble transmission.

Proposal 2: After the PRACH preamble transmission indicating SI request, UE monitors the RAR window for receiving the RAR corresponding to its PRACH preamble transmission indicating SI request. Length of RAR window for receiving RAR corresponding to its PRACH preamble transmission indicating SI request is configured in MSI. 

Proposal 3: RAR corresponding to PRACH transmission indicating SI request (MSG 1 based) should at least include random access preamble identifier (RAPID). A single RAR format is desirable for both MSG1 and MSG3 based approaches to reduce UE complexity and testing efforts.
Proposal 4:   UE monitor the NR-PDCCH for RAR identified by RA-RNTI in RAR window. RA-RNTI is calculated in the same manner for PRACH preamble transmission indicating SI request like any other PRACH preamble transmission.
Proposal 5: If RAR corresponding to its PRACH preamble transmission indicating SI request is received by UE, it considers that SI request is successfully received by gNB. UE then monitors the SI window of the requested SIB in one or more SI periods of that SIB.
Proposal 6: If RAR corresponding to its PRACH preamble transmission indicating SI request is not received by UE, it considers that SI request is not successfully received by gNB. UE then retransmits the SI request. 

Proposal 7: During the PRACH preamble re-transmission indicating SI request, power is ramped up like any other PRACH preamble re-transmission.
Proposals for MSG3 based on Demand SI Acquisition Procedure:

Proposal 8:  PRACH Preambles and/or PRACH resources are not reserved for transmitting PRACH preamble in MSG 3 based approach. 

Proposal 9:  UE selects PRACH preamble and PRACH resource for PRACH preamble transmission from PRACH preambles and PRACH resources configured for initial access in minimum system information.

Proposal 10:  UE monitors the RAR window for receiving the RAR corresponding to its PRACH preamble transmission after transmitting the PRACH preamble. RAR should at least include random access preamble identifier (RAPID), timing advance, ‘temporary C-RNTI’ and UL grant. A single RAR format is desirable for both MSG1 and MSG3 based approaches to reduce UE complexity and testing efforts.
Proposal 11: UE transmits system information request message in UL grant received in RAR. 
·    The information about the one or more SIB(s) needed by UE is included in SI request message. 
·    For contention resolution, UE identity is also included in SI request message. 
·   There is no need of any cause value in SI request message.
·   There is no need to include SI request in RRC connection control messages.
Proposal 12: After sending SI request message, UE waits for MSG4 including UE Contention Resolution Identity i.e. CCCH SDU transmitted in MSG 3. NR-PDCCH for MSG4 is addressed using temporary C-RNTI. 
Proposal 13: After receiving the MSG 4 including the UE Contention Resolution Identity which matches the CCCH SDU transmitted in MSG 3, UE monitors the SI window of the requested SIB in one or more SI periods of the requested SIB.
Proposal 14: In case of failure to receive the RAR or MSG 4, UE will retransmit the RACH preamble as in normal random access procedure.
Other Proposals:
Proposal 15: If the SI request transmission is not successful even after transmitting the SI request for maximum number of retries, UE may consider the camped cell as unsuitable (or barred) and perform cell re-selection.
Proposal 16: No additional indication is needed to indicate that an on demand SI is actually being broadcast at this instant in time.
Proposal 17: After receiving the acknowledgment for SI request, UE monitors the SI window of the requested SIB in up to ‘X’ SI periods. The parameter ‘X’ is signaled in MSI.

4 References

[1]    Report of 3GPP TSG RAN WG2 meeting #98
[2]     R2-1705384, Details on feedback to the SI requests, Lenovo, Motorola Mobility, Interdigital, NEC, Panasonic

[3]     3GPP TR38.804 V14.0.0, Study on New Radio Access Technology: Radio Interface Protocol Aspects
RAN2 #98 Agreements [1]


On demand SI request will maximize commonality with the RACH procedure


Network sends an acknowledgement in MSG2 to the UE’s SI request sent in Msg1 


FFS	Network sends an acknowledgement in MSG4 to the UE’s SI request sent in Msg3


Only progress on the two agreed approaches for delivering on-demand system information (via dedicated signalling to RRC_CONNECTED UEs; via SI-Message broadcast to RRC_IDLE and RRC_INACTIVE UEs) and refrain from introducing additional solution variants.
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