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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#90e, a WID on NR coverage enhancements [1] was approved, and it was further updated in RAN#91e. One objective in the WID is to specify mechanism(s) to support Type A PUSCH repetitions for Msg3. 
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]
Based on the WID, we provide analysis on the differentiation between UEs supporting/not-supporting Msg3 repetition, and indication of the number of repetitions for Msg3 transmission.
Discussion
[bookmark: _Hlk68512910]Differentiation between CE UEs and legacy UEs 
For contention based random access, the gNB does not know UE capability before Msg3 scheduling. Therefore, mechanisms are needed to differentiate UEs supporting Msg3 repetition from UEs not supporting it. It was agreed in RAN1#104e to study following options for UE differentiation for Msg3 PUSCH repetition, 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. 
There are pros./cons. for different options. For option 1-1 and option 2-1, the gNB could know the UE capability of Msg3 repetition before scheduling Msg3. The difference is that for option 1-1, the PRACH resources are separated based on UE capability of Msg3 repetition only, while option 2-1 is based on if the UE is capable of Msg3 repetition and if it is undergoing a poor channel condition and might need Msg3 repetition. It is expected that only a smaller fraction of PRACH resources are needed for UEs in poor channel condition for option 2-1 than that for option 1-1. Therefore, option 2-1 might be better than option 1-1 from this point of view since it reduces the performance impacts to legacy UEs and additional system overhead required in terms of PRACH resources to support Msg3 PUSCH repetition. One issue of option 2-1 is that the measured channel condition is for DL and it might not match with that for UL. However, the DL channel condition could be a reference only for determining if Msg3 repetition might be needed, and the gNB could anyway measure the UL channel condition to determine the number of repetitions needed for Msg3 transmission.
For option 1-2 and 2-2, the gNB does not know the UE capability before scheduling Msg3. It may schedule Msg3 repetition even though the UE does not support this capability. This then causes UL resource wastage. Additionally, the gNB needs to perform blind detection to know if Msg3 repetition in the UE is performed, which requires additional gNB side complexity. Besides, the signals for blind detection, e.g., DMRS, might not be reliable enough since Msg3 is expected to be transmitted with only limited resources. 
Based on the pros./cons. of each option, option 2-1 is preferred for differentiating between UEs supporting/not-supporting Msg3 repetition.  
Proposal 1: Option 2-1 is supported for gNB identification of UEs that need Msg3 CE, i.e., a UE can trigger RACH procedure with Msg3 PUSCH repetition via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions. The triggering can be based on the measured channel condition. 
Indication of the number of repetitions for Msg3 transmission
Regarding the indication of the number of repetitions for Msg3 initial transmission, it was agreed in RAN1#104e that, 
· 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
In legacy, Msg3 is scheduled by RAR UL grant. Using RAR UL grant to schedule Msg3 repetition is therefore prioritized over other options. To meet the requirement of backward compatibility of not impacting legacy UE interpretation of RAR and given the fact that no reserved bits are available in MAC RAR UL grant, one solution could be configuring PUSCH TDRA table with repetitions in SIB1. However, since the size of TDRA table shall be aligned with legacy, while there might be a few candidates of repetitions to be introduced, the flexibility of time domain resource allocation might be impacted, especially if all Msg3 repetition capable UEs need to use the TDRA table with repetition. Alternatively, the usage of TDRA table with or without repetitions could be indicated by the reserved bit in RAR. Another option might be using the padding bits to indicate the number of repetitions, or even carry the RAR for CE UEs so that RAR size does not need to be aligned with legacy RAR. 
Proposal 2: Option 1 of indicating the number of repetitions for Msg3 initial transmission in RAR UL grant is supported. 

Conclusions
As a summary, we have the following observations and proposals on HD-UE operations for RedCap,
Proposal 1: Option 2-1 is preferred for gNB identification of UEs that need Msg3 CE, i.e., a UE can trigger RACH procedure with Msg3 PUSCH repetition via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions. The triggering can be based on the measured channel condition. 
Proposal 2: Option 1 of indicating the number of repetitions for Msg3 initial transmission in RAR UL grant is supported. 
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