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Introduction
In RAN#90-e, a new WID on NR coverage enhancements (CE) was approved [1], with the following detailed objectives on enhancements for PUSCH, PUCCH and Msg3. 
	The detailed objectives of the work item are as follows:
· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
· Specification of PUCCH enhancements [RAN1, RAN4]
· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]


On the other hand, coverage recovery with up to 3 dB is needed for PUSCH and Msg3 for RedCap UEs considering the reduced antenna efficiency due to device size limitations [2]. The appropriate WI for handling coverage recovery aspects for RedCap UEs would be discussed in this plenary meeting according to the following note in [3]. 
	· The appropriate WI for handling of any potential coverage recovery aspects related to RedCap UEs devices will be considered at RAN#91e.


In this contribution, we provide our views on PUSCH and Msg3 enhancements for Redcap UEs in NR CE WI.
Discussion
For RedCap UEs, the following UE complexity reduction features are included in the WID. Among these features, only the first and the last features, i.e., reduced maximum UE bandwidth and duplex operation, may have impacts on PUSCH/Msg3 performance.
· Reduced maximum UE bandwidth
· Reduced minimum number of Rx branches
· Maximum number of DL MIMO layers
· Relaxed maximum modulation order for DL
· Duplex operation. 
However, looking into the three PUSCH enhancement aspects (i.e., enhancements to PUSCH repetition type A, TBoMS and joint channel estimation) to be specified for CE UEs, they are not limited to a given UE supported maximum BW or a given duplex operation mode. In other words, these enhancements can also be applied to RedCap UEs. Note that, the PUSCH enhancements in HD-FDD type A operation for RedCap UEs can reuse the same design as for HD-TDD operation for CE UEs. No additional enhancements are needed.  
As studied in RedCap SI, the amount of coverage recovery for PUSCH is up to 3 dB due to reduced antenna efficiency. The PUSCH enhancements specified for CE UEs would be sufficient for PUSCH coverage recovery of RedCap UEs. Thus, no RedCap-specific enhancements are needed. 
Proposal 1: The PUSCH enhancements to be specified for CE UEs are supported for RedCap UEs, and no additional RedCap-specific PUSCH enhancements are needed. 
For Msg3, only Msg3 PUSCH repetition is to be specified for CE UEs. Similarly, Msg3 PUSCH repetition does not rely on a specific UE supported maximum BW or duplex operation mode. Therefore Msg3 PUSCH repetition could be supported for RedCap UEs. In addition, Msg3 PUSCH repetition is sufficient to compensate the required Msg3 coverage recovery of RedCap UEs. Thus, no additional RedCap-specific Msg3 enhancement is needed. 
Proposal 2: Msg3 PUSCH repetition based enhancements to be specified for CE UEs are supported for RedCap UEs, and no additional RedCap-specific Msg3 enhancements are needed. 
Although PUSCH and Msg3 enhancements in CE WI are applicable and sufficient for coverage recovery of RedCap UEs, there may be some differences on UE features between CE UEs and RedCap UEs. The related discussion could be carried out during WI phase. 
Proposal 3: Specify UE features for Rel-17 CE PUSCH and Msg3 enhancements for RedCap UEs in WI phase.
In the context of the same set of Msg3 enhancements to be supported for both CE UEs and RedCap UEs, a follow-up question is ‘is there a need to differentiate between Rel-17 CE UEs and Redcap UEs before Msg3 transmission?’. 
· [bookmark: _GoBack]If the answer is ‘Yes’, then more separate PRACH configurations are required. In some cases, it may have certain advantages to decide flexibly whether Msg3 repetition is needed but this would need more specification efforts and may cause PRACH congestion or lower PRACH resource efficiency. 
· If it is ‘No’, the maximum initial BWP configured for CE UEs should not be larger than 20 MHz during initial access. Because the maximum supported UE bandwidth during initial access for RedCap UEs is 20 MHz, and gNB has to meet this requirement if it doesn’t know whether the accessing UE is a CE UE or RedCap UE. The physical channels during initial access basically requires very a few number of RBs and would not typically exceed 20MHz BW. In addition, the frequency selective fading within 20MHz could be diverse enough to achieve sufficient diversity gain. 
According to above analysis, whether/how to differentiate between Rel-17 CE UEs and Redcap UEs before Msg3 transmission is needed in WI phase. 
Proposal 4: Discuss whether/how to differentiate between Rel-17 CE UEs and Redcap UEs before Msg3 transmission in WI phase.
In our view, it is more efficient to let the same group of researchers/delegates who are familiar with CE enhancements to discuss above aspects. Thus, we suggest to add one note in CE WID to clarify that coverage recovery on PUSCH and Msg3 for RedCap UEs are included in Rel-17 CE WI, and the four proposals discussed above could be a baseline for the discussion in WI phase. This could also avoid duplicated work and potential inconsistency across different work items.
Proposal 5: Add one note in CE WID to clarify that coverage recovery on PUSCH and Msg3 for RedCap UEs are included in Rel-17 CE WI. 
Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: The PUSCH enhancements to be specified for CE UEs are supported for RedCap UEs, and no additional RedCap-specific PUSCH enhancements are needed. 
Proposal 2: Msg3 PUSCH repetition based enhancements to be specified for CE UEs are supported for RedCap UEs, and no additional RedCap-specific Msg3 enhancements are needed. 
Proposal 3: Specify UE features for Rel-17 CE PUSCH and Msg3 enhancements for RedCap UEs in WI phase.
Proposal 4: Discuss whether/how to differentiate between Rel-17 CE UEs and Redcap UEs before Msg3 transmission in WI phase.
Proposal 5: Add one note in CE WID to clarify that coverage recovery on PUSCH and Msg3 for RedCap UEs are included in Rel-17 CE WI. 
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