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[bookmark: _Ref506539118]Introduction
At the RAN1#102-e meeting, the following agreements were made for NR coverage enhancement for channels other than PUSCH and PUCCH [1]:
Agreements:
· Study Msg3 PUSCH enhancement in NR coverage enhancement SI
· Study at least Msg3 PUSCH repetition
· FFS the aspects to be enhanced, e.g., signalling indication, repetition pattern, interplay between Msg1 and Msg3, DM-RS enhancements related to repetition etc.
· FFS multiple-antenna techniques.
Agreements:
· Study whether or how to enhance MsgA PUSCH in NR coverage enhancement SI 
Agreements:
If PRACH enhancement is needed, study it in NR coverage enhancement SI, e.g. multiple PRACH transmissions.
Agreements:
Study whether/how to enable potential techniques for early CSI and/or beam refinement for physical channels during initial/random access procedure.
Agreements:
· If PDCCH enhancement is needed based on evaluation, study PDCCH enhancement for NR coverage enhancement 
· Study at least for broadcast PDCCH
· For broadcast PDCCH, it includes a PDCCH monitored in a Type0/0A/1/2-PDCCH CSS set.
· FFS unicast PDCCH
· Study the aspects to be enhanced, e.g., PDCCH repetition.
Agreements:
Further discuss the evaluation of PDSCH and discuss whether/how to enhance PDSCH in NR coverage enhancement SI. 
Agreements:
Enhancement to PUSCH scheduled by RAR UL grant will not consider the optimization specific for CFRA case in NR coverage SI.
Agreements:
· Capture the following structure in TR 38.830.
6.3 	Coverage enhancements for channels other than PUSCH and PUCCH
6.3.1 	Enhancements for Msg3 PUSCH
6.3.2 	Others
· Note: The above structure can be further updated by adding more sections under section 6.3 for other enhancements if justified.  

In the contribution, we discuss coverage enhancement for channels other than PUSCH and PUCCH. Our views on baseline coverage performance for FR1 and FR2 are described in our companion contributions [2] and [3], respectively. In addition, our views on coverage enhancement for PUSCH and PUCCH are described in our companion contributions [4] and [5], respectively.
Discussion on Msg3 coverage enhancement 
At the RAN1#102-e meeting, it was agreed that Msg3 PUSCH enhancement can be studied for NR coverage enhancement [1]. As defined in NR, coverage for Msg3 can be improved by employing HARQ retransmission. However, given the nature of contention based RACH procedure, it may be difficult for gNB to schedule Msg3 retransmission as gNB may not know whether UE does not receive RAR UL grant or UE actually transmits Msg3 but gNB fails to decode it. Further, Msg3 retransmission would lead to latency increase for 4-step RACH procedure, which may not be desirable from system operation perspective. 
To address this issue, one straightforward solution is to employ slot aggregation for Msg3 transmission for coverage enhancement during 4-step RACH procedure. In particular, similar to dynamic indication of aggregation level of PUSCH, the number of repetitions of Msg3 transmission may be explicitly indicated in the RAR or fallbackRAR UL grant. In order to ensure backward compatibility, some fields may be repurposed to indicate the repetition level of Msg3 transmission.
Further, repetition can also be applied for Msg3 retransmission, where the number of repetitions may be explicitly indicated in the DCI format 0_0 scrambled with TC-RNTI. In this case, gNB may dynamically change the number of repetitions between initial Msg3 transmission and Msg3 retransmission so as to adapt to the channel conditions. 
Figure 1 illustrates link level simulation results for Msg3 PUSCH with different number of repetitions. The simulation assumptions are described in our companion contribution [6]. Further, in the simulations, it is assumed DFT-s-OFDM waveform and intra-slot frequency hopping for PUSCH. In addition, it is assumed TBS = 56, MCS = 0, 3 DMRS symbols that are allocated in each slot and UE moving speed of 3km/h. From the figure, it can be observed that link level performance for Msg3 PUSCH can be improved by increasing the number of repetitions. More specifically, ~2dB performance gain can be observed with doubling the repetition levels for Msg3 PUSCH.
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[bookmark: _Ref52895482]Figure 1. Simulation results for Msg3 PUSCH with repetitions

Note that PUSCH repetition type A or type B may be applied for Msg3 (re)transmission. However, considering the fact that the motivation of PUSCH repetition type B is mainly targeted for latency reduction, which may not be applicable for 4-step RACH procedure, it is slightly preferred to only support PUSCH repetition type A for Msg3 (re)transmission. For PUSCH repetition type A, whether intra-slot or inter-slot frequency hopping for Msg3 (re)transmission can be configured by RMSI. 
Observation 1
· ~2dB performance gain can be observed when the repetition level for Msg3 PUSCH is doubled.
Proposal 1
· Repetition is supported for Msg3 PUSCH coverage enhancement for 4-step RACH procedure.
· Number of repetitions for Msg3 transmission is indicated in RAR or fallbackRAR UL grant.
· Number of repetitions for Msg3 retransmission is indicated in the DCI format 0_0 scrambled with TC-RNTI. 
· Only PUSCH repetition type A is supported for Msg3 (re)transmission.  

Discussion on MsgA coverage enhancement
At the RAN1#102-e meeting, it was agreed to study whether or how to enhance MsgA PUSCH in NR coverage enhancement SI [1]. Note that in Rel-16 2-step RACH, RSRP based RACH type selection mechanism was defined for selection between 2-step RACH and 4-step RACH. More specifically, when measured RSRP is greater than a threshold, 2-step RACH is used for RACH procedure. 
Based on the discussion above, it is evident that 2-step RACH is mainly targeted to UEs in good channel conditions, where coverage enhancement is not needed. Hence, in our view, further enhancement on MsgA PRACH and PUSCH is not considered in NR coverage enhancement WI.
Proposal 2
· Enhancement on MsgA PRACH and PUSCH is not considered in NR coverage enhancement WI.

Discussion on PRACH coverage enhancement
At the RAN1#102-e meeting, it was agreed to further study PRACH coverage enhancement including multiple PRACH transmissions, if PRACH enhancement is needed [1]. As described in our companion contribution [2], based on the presented link budget analysis for various deployment scenarios including urban, rural and rural with long distance in FR1, it is evident that PRACH needs further enhancement in terms of coverage. 
[bookmark: _Hlk53336679]Note that in our link budget analysis, PRACH format 0 is assumed for FDD system of 700MHz carrier frequency. In case when PRACH format 1 or 2 is employed, where the number of repetitions is 2 or 4, respectively, additional coverage improvement can be achieved, which can meet the target MIL performance. In this case, coverage enhancement for long PRACH format may not be needed. 
However, for short PRACH format, PRACH transmission is confined with a slot. To further improve the coverage, one straightforward approach is to enable repetition in different PRACH occasions, which are allocated in different time instances. Depending on coverage enhancement target for short PRACH format, number of repetitions can be properly defined and configured. Further, in order to differentiate PRACH repetition and legacy PRACH transmission, PRACH resource partitioning may need be considered to allow gNB to identify whether repetition is applied for PRACH transmission. 
Proposal 3
· Consider repetition of short PRACH format for PRACH coverage enhancement.
[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed coverage enhancement for channels other than PUSCH and PUCCH. Further, we summarize the observations and proposals as follows:
Observation 1
· ~2dB performance gain can be observed when the repetition level for Msg3 PUSCH is doubled.
Proposal 1
· Repetition is supported for Msg3 PUSCH coverage enhancement for 4-step RACH procedure.
· Number of repetitions for Msg3 transmission is indicated in RAR or fallbackRAR UL grant.
· Number of repetitions for Msg3 retransmission is indicated in the DCI format 0_0 scrambled with TC-RNTI. 
· Only PUSCH repetition type A is supported for Msg3 (re)transmission.  
Proposal 2
· Enhancement on MsgA PRACH and PUSCH is not considered in NR coverage enhancement WI.
Proposal 3
· Consider repetition of short PRACH format for PRACH coverage enhancement.
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