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In the RAN1#102 e-meeting [1], the potential solutions for channels other than PUCCH and PUSCH have been discussed. The main agreements are summarized as following.
	Agreement:
· Study Msg3 PUSCH enhancement in NR coverage enhancement SI
· Study at least Msg3 PUSCH repetition
· FFS the aspects to be enhanced, e.g., signaling indication, repetition pattern, interplay between Msg1 and Msg3, DM-RS enhancements related to repetition etc.
· FFS multiple-antenna techniques.

· Study whether/how to enable potential techniques for early CSI and/or beam refinement for physical channels during initial/random access procedure.
· 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
· If PRACH enhancement is needed, study it in NR coverage enhancement SI, e.g. multiple PRACH transmissions.


In this contribution, the potential solutions for SS/PBCH, PRACH, and Msg3 PUSCH are discussed.
Potential solutions for enhancing SS/PBCH 
The SS/PBCH MPL difference between outdoor and indoor UEs served by outdoor gNB is near 30 dB for FR2 [4]. There is huge gap between the achieved coverage and a typical cell coverage (if the target ISD is 400 m / 500 m) in the outdoor gNB serving indoor UE scenario, and the gap should be reduced. There are several approaches to improve the link performance: 
a) Power boosting on the 20 RBs of SS/PBCH.
b) Detection by combining multiple SS/PBCH blocks in a half-frame and cross SS/PBCH periodicity. 
c) Diversity and redundancy provided by time or frequency. 
The first two approaches increase implementation cost both on the gNB and UE, and the third approaches can improve the SS/PBCH performance by a modest cost in spectrum efficiency. For example, in a channel bandwidth of 400 MHz (275 RBs), an SS/PBCH takes only 20/275 = 7.27%. 
[bookmark: _Ref31385592]Proposal 1: To achieve 400 m / 500 m ISD in FR2, time / frequency domain solutions to improve SS/PBCH performance should be studied. 
Potential solutions for enhancing PRACH 
The PRACH link performance is much worse than that of downlink channels and is of large gap to the target ISD of 400 m / 500 m [2], and the performance gap is larger if the maximum permissible exposure (MPE) is considered. The PRACH performance is proportional to the preamble time duration and cannot be improved using the methods in [3]. NR defined format B4 is with 12 OFDM symbols, and a new format will be longer than one time slot if further increasing the duration. This is not preferred for enhancing PRACH coverage since the new format will require at least two consecutive time slots in the TDD configuration of a cell. Hence, multiple transmissions in time / frequency / sequence domain which enables gNB combined detection can be considered. However, multiple transmissions in frequency or sequence domain degrades the power spectrum density and the overall performance improvements for PRACH detection will be limited. As a result, multiple transmissions in time domain is preferred for improving PRACH coverage performance. For example in Figure 1, a UE selecting an SS/PBCH block (SSB) #i can transmit two preambles in two consecutive time occasions associated to SSB #i. 
[bookmark: _Ref31385599]Proposal 2: PRACH enhancement for FR2 is needed if a target ISD 400 m / 500 m is considered, and multiple transmissions in time domain to improve PRACH performance should be studied. 
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Figure 1 Multiple PRACH transmission in time 
Potential solutions for enhancing Msg3 PUSCH
In [4], the evaluation results for Msg3 PUSCH show that the gap to meet the target coverage requirement is about 2.19 dB in Rural (NLoS O2I, ISD=1732 m) TDD scenario with 4 GHz carrier frequency, and in [2] the gap is up to 9.8 dB shortage in FR2 urban (NLOS O2O, ISD = 400 m, UE EIRP 23 dBm). As illustrated in Figure 2, about 2 dB gain can be obtained by doubling repetition times at 10% BLER, 6 dB gain can be obtained by 8 repetitions. The detailed simulation assumption is provided in [4].
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Figure 2 Required SINR (BLER=0.1) with different repetition times
Based on the above analysis, the coverage issue for Msg3 PUSCH can be solved by increasing repetition times. For different coverage limited scenarios, the required repetition times may be different. Hence it is hard to determine the maximal repetition times. The flexible indication for maximal repetition times should be considered to match different coverage requirements.  
Proposal 3: The scaling of maximal repetition times can be configurable according to the different coverage limited scenarios. 

For the repetition pattern, the repetition type A and type B can be considered as a starting point. For the DM-RS enhancements related to repetition, the joint channel estimation discussed in [3] can be considered. This joint channel estimation can improve channel estimation accuracy without increasing DMRS overhead. One straightforward way is joint utilization of the DMRS for channel estimation in different slots or different repetitions. As shown in figure 3, cross-slot channel estimation of multiple consecutive PUSCH slots is an example to be performed. By combing the overall DMRS of multiple slots, channel estimation performance can be further enhanced in this cross-slot channel estimation case. Based on the evaluation results in [3], joint channel estimation of 2 and 3 slots can obtain approximately 1.4 and 2.1 dB gain at 10% BLER, respectively.
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Figure 3 Cross-slot channel estimation

To enable the joint channel estimation, at least the uplink transmission power and precoding should keep the same to avoid the discontinuity of the phase for different repetitions. 
Proposal 4: Joint channel estimation can be studied for Msg3 PUSCH coverage enhancements.

In NR Rel-15 and Rel-16, the PUSCH repetition is only used for RRC connected UEs. In the initial access procedure, UE cannot receive the repetition configuration signaling until the RRC connection is established successfully. For the signaling design to enable Msg3 PUSCH repetition, one of the potential issues is that how gNB identifies whether a UE in the initial access procedure is legacy UE or new UE capable of Msg3 repetition.  If new type of PRACH resources or multiple PRACH transmissions are supported for new UE capability, gNB may recognize the UE type by detecting PRACH. Otherwise, gNB can schedule resources following the required Msg3 repetition times by received signal power level for PRACH and then gNB needs to blindly detect Msg3 in the corresponding candidate locations. For legacy UE, gNB would receive Msg3 in the resources associated to the first transmission.  For new UE capable of Msg3 repetition, gNB would receive Msg3 in the resources associated to the indicated repetition number.  
For Msg3 PUSCH transmission, the repetition indication can be explicitly indicated by RAR and PDCCH of Msg2. For example, the repetition indication can be added into the RAR UL grant. In this case, the payload of RAR UL grant would increase and the legacy UE cannot recognize this new type of RAR UL grant. To avoid this issue, methods without changing the RAR payload size can be considered. The redundant bits in RAR UL grant or padding bits in MAC RAR PDU can be used to indicate the repetition times. Furthermore, multiple PRACH transmission can be used to implicitly indicate Msg3 repetition.  
Proposal 5: Explicit signaling without changing the RAR payload size and implicit signaling using multiple PRACH transmissions for Msg3 PUSCH repetition should be studied. 

Conclusions 
Based on the above discussions, the following proposals are concluded.

Proposal 1: To achieve 400 m / 500 m ISD in FR2, time / frequency domain solutions to improve SS/PBCH performance should be studied. 
Proposal 2: PRACH enhancement for FR2 is needed if a target ISD 400 m / 500 m is considered, and multiple transmissions in time domain to improve PRACH performance should be studied. 
Proposal 3: The scaling of maximal repetition times can be configurable according to the different coverage limited scenarios. 
Proposal 4: Joint channel estimation can be studied for Msg3 PUSCH coverage enhancements.
Proposal 5: Explicit signaling without changing the RAR payload size and implicit signaling using multiple PRACH transmissions for Msg3 PUSCH repetition should be studied. 
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