3GPP TSG RAN WG1 #105-e		                                    		  R1-2104863
e-Meeting, May 10th – 27th, 2021

Agenda Item:	8.8.3
Source:	InterDigital, Inc.
Title:	Type A PUSCH repetitions for Msg3
Document for:	Discussion and Decision
[bookmark: _Ref513464071]Introduction
In RAN1#104b-e, RAN1 made agreements on the mechanisms to request and indicate msg3 PUSCH repetitions (see appendix). This contribution addresses the following issues identified for further study[1]:
· Details of UE requesting of msg3 repetition via separate PRACH resources
· Details of indication of number of repetitions for msg3 initial transmission
· Determination of available slots for the repetitions.
Requesting of msg3 repetition
RAN1 agreed that a UE can request msg3 repetition with gNB indicating the number of repetitions, and further that a UE can perform such request via separate PRACH resources. Some additional details need to be discussed and agreed, such as:
· Whether the separate PRACH resources can be provided by separate PRACH occasion and/or by preamble partitioning;
· Condition (e.g. SS-RSRP, pathloss) for requesting msg3 repetition.
For the first question, there exists a precedent from the introduction of 2-steps RACH (i.e. Type-2 random access) in R16. The PRACH resources between 4-steps (Type-1) and 2-steps (Type-2) random access can be partitioned by separate PRACH occasions or by preamble partitioning with shared PRACH occasions. How the separation is achieved is up to network decision based on the type of deployment. The same principle can be applied here. For example, the network can configure a number of contention-based PRACH preambles along with a start index per SSB in some ROs for the UE to request msg3 repetition.
Proposal 1: Support configuration of PRACH resources for msg3 repetition by separate PRACH occasions.
Proposal 2: Support configuration of PRACH resources for msg3 repetition by PRACH partitioning with shared PRACH occasions.
Since msg3 repetition is not applicable to a Type-2 random access procedure, only one additional set of PRACH resources for msg3 repetition needs to be configured.
For the second question, the possibilities would be to either leave the selection to UE implementation or to specify a path loss or SS-RSRP threshold. One potential issue with leaving selection to UE implementation is that it may make the task of dimensioning PRACH resources for the respective types of random access more challenging from network perspective. In addition, when UL resources for PUSCH become more limited it may be useful for the network to lower the threshold for requesting msg3 repetition such that the resource can be used only for those UEs that would benefit the most from it.
Proposal 3: UE selects PRACH resource from the set configured for msg3 repetition only if SS-RSRP of selected SSB is below a threshold configured by RRC.
Number of repetitions for msg3 initial transmission
RAN1 agreed that the UL grant scheduling msg3 indicates the number of repetitions for msg3 initial transmission. However, the possibility of additionally using MAC RAR for indication is left open.
The uplink grant scheduling msg3 already contains a PUSCH time resource allocation (TDRA) field of 4 bits. For dynamically indicated PUSCH, indicating a number of repetitions using the TDRA field is already supported. Reusing the same approach for msg3 repetition seems to be the most natural solution. Given that 16 values are possible using TDRA field, it is unclear that additional mechanisms would provide any benefit justifying the complexity.
Proposal 4: The TDRA field of the UL grant scheduling msg3 indicates the number of repetitions for msg3 initial transmission.
Determination of available slots for the repetitions
RAN1 took a working assumption stating that the number of repetitions is counted on the basis of available slots for Type A PUSCH repetitions for Msg3. The exact definition of “available slots” is FFS. It is understood that this term is related to on-going discussions on enhancements to PUSCH repetition Type A within the same work item. However, as of RAN1#104b-e there is not yet an agreed definition for this term. It is therefore suggested to wait for further progress in the Type A PUSCH repetition discussion instead of attempting to define this term separately for the msg3 repetition case, and before confirming the working assumption.
Conclusion.
This contribution proposes solutions for the indication of the number of repetitions for initial transmission and re-transmission and differentiation from legacy UE.
Proposal 1: Support configuration of PRACH resources for msg3 repetition by separate PRACH occasions.
Proposal 2: Support configuration of PRACH resources for msg3 repetition by PRACH partitioning with shared PRACH occasions.
Proposal 3: UE selects PRACH resource from the set configured for msg3 repetition only if SS-RSRP of selected SSB is below a threshold configured by RRC.
Proposal 4: The TDRA field of the UL grant scheduling msg3 indicates the number of repetitions for msg3 initial transmission.
References
[1] RAN1 Chairman’s notes, RAN1#104-bis-e, Apr. 2021.
Appendix
Agreements from RAN1#104b-e
R1-2103829
Agreement: For Msg3 PUSCH repetition,  support the following modified Option 2-1. 
· Option 2-1: For UE requested triggered Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· A UE can request trigger RACH procedure with Msg3 PUSCH repetition via separate PRACH resources (FFS details, e.g., separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions after SSB association, etc.).
· Whether a UE would request trigger is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· If Msg3 PUSCH repetition is requested triggered by UE, gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions for Msg3 PUSCH 3 (re)-transmission.  
· FFS the UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual
· FFS details if any.

Update on 4/16
Agreements: For the determination of RV for Msg3 PUSCH repetition, 
· RV of the first repetition is determined in the same way as legacy.
· Use RV 0 for the first repetition of Msg3 PUSCH initial transmission.
· Use a dynamically indicated RV id via DCI 0_0 with CRC scrambled by TC-RNTI for the first repetition of Msg3 PUSCH re-transmission.
· FFS determination of the RV sequence.  

Agreements: For indication of the number of repetitions for Msg3 initial transmission, Option 1 (i.e., using UL grant scheduling Msg3) is adopted.
· FFS additionally using MAC RAR for indication.

Agreements: For indication of the number of repetitions for Msg3 re-transmission, Option 1 (i.e., using DCI format 0_0 with CRC scrambled by TC-RNTI) is adopted. 

Working assumption: The number of repetitions is counted on the basis of available slots for Type A PUSCH repetitions for Msg3.
· FFS: the determination of available slots.

Agreements from RAN1#104-e
Agreements:
· For indication of the number of repetitions for Msg3 initial transmission, down-select one option from the options below.
· Option1: UL grant scheduling Msg3.
· FFS details.
· FFS fallbackRAR UL grant. 
· Note: Optimization specific for fallbackRAR UL grant in 2-step RACH is not considered in Rel-17 CovEnh WI, if supported.
· Option2: DCI format 1_0 with CRC scrambled by RA-RNTI
· FFS details. 
· Option3: SIB1 only
· Any modifications of RAR UL grant or DCI format 1_0 with CRC scrambled by RA-RNTI for indicating Msg3 repetitions shall not impact the legacy UE interpretation of the RAR or DCI format 1_0 with CRC scrambled by RA-RNTI respectively


Agreements:
· For indication of the number of repetitions for Msg3 re-transmission, down-select one option from the options below.
Option1: DCI format 0_0 with CRC scrambled by TC-RNTI.
FFS details.
Any modifications of DCI format 0_0 with CRC scrambled by TC-RNTI for indicating Msg3 repetitions shall not impact the legacy UE interpretation of the DCI format 0_0 with CRC scrambled by TC-RNTI.
Option2: Can be determined based on the repetition number  for  Msg3 initial transmission

Agreements:
Support inter-slot frequency hopping for repetition of Msg3 initial and re-transmission.
FFS details, e.g., signaling etc.

Agreements:
For Msg3 PUSCH repetition,  the following options are considered, aiming for down-selection in RAN1#104b-e:
·  Option 1-1: For gNB scheduled Msg3 PUSCH repetition without UE request,
· A UE indicates to support of Msg3 PUSCH repetition via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.
· For a UE supporting Msg3 PUSCH repetition, gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions.
· FFS details if any.
· Option 1-2: For gNB scheduled Msg3 PUSCH repetition without UE request,
· gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions.
· For UE does not support Msg3 PUSCH repetition, UE transmits Msg3 PUSCH without repetition
· For UE does support Msg3 PUSCH repetition, UE transmits Msg3 PUSCH with repetition as indicated by gNB and UE uses, e.g., separate DMRS configuration or UCI multiplexing with Msg3 PUSCH (or other ways)
· Note: e.g., this can be for differentiation between UEs not supporting Msg3 PUSCH repetition and Rel-17 CE UEs supporting Msg3 PUSCH repetition or between RACH procedure with Msg3 PUSCH repetition and Msg3 PUSCH without repetition, etc.
· gNB blindly decodes Msg3 PUSCH with two different assumptions, w/ and w/o repetition.
· FFS details if any.
· Option 2-1: For UE triggered Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· A UE can trigger RACH procedure with Msg3 PUSCH repetition via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.
· Whether a UE would trigger is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· If Msg3 PUSCH repetition is triggered by UE, gNB decides the number of repetitions for Msg3 PUSCH 3 (re)-transmission.  
· FFS details if any.
· Option 2-2: For UE triggered Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions.
· If Msg3 PUSCH repetition is scheduled, UE transmits Msg3 PUSCH with or without repetition. If UE transmits Msg3 PUSCH repetition, the number of repetition follows the indication of gNB and UE uses e.g., separate DMRS configuration or UCI multiplexing with Msg3 PUSCH (or other ways)
· Whether a UE would trigger is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· FFS details if any.
· Other options are not precluded. 
