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1. Introduction

In RAN1#102-e, the coverage enhancement on NR channels other than PUSCH and PUCCH was discussed, and the following were agreed [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., signaling indication, repetition pattern, interplay between Msg1 and Msg3, DM-RS enhancements related to repetition etc.

· FFS multiple-antenna techniques.

Agreement:

· Study whether or how to enhance MsgA PUSCH in NR coverage enhancement SI 

Agreement:

If PRACH enhancement is needed, study it in NR coverage enhancement SI, e.g. multiple PRACH transmissions.

Agreement:

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.

Agreement:

Further discuss the evaluation of PDSCH and discuss whether/how to enhance PDSCH in NR coverage enhancement SI. 

Agreement:
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.

This contribution continues the discusses on the coverage enhancement for channels other than PUSCH and PUCCH.
2. Discussion
2.1. Msg3/Msg A PUSCH enhancement
Msg3 PUSCH was agreed to be studied NR coverage enhancement SI. It was also agreed to study whether or how to enhance MsgA PUSCH in NR coverage enhancement SI. 
For CFBA PUSCH, a RRC-Connected mode UE with C-RNTI can be scheduled for retransmission using non-fallback DCI. It has been agreed that Msg3 PUSCH for CFRA case is not considered in SI.
For CBRA, Msg3 PUSCH includes both Msg3 initial transmission scheduled by RAR UL grant and also Msg3 re-transmission scheduled by DCI format 0_0 scrambled by TC-RNTI. The solutions for Msg3 PUSCH coverage enhancement should be similar to those for eMBB PUSCH, e.g. repetition and frequency hopping. During initial access procedure, since the scheduling of Msg3 PUSCH is different from eMMB PUSCH in RRC-Connected mode, additional consideration is needed. For repetition information, it can be indicated through RAR or DCI format 0_0. Other enhancement can also be studied. 
Proposal 1: The main aspects to be enhanced for Msg3 PUSCH coverage should follow the enhancement for eMBB PUSCH. Additional aspects need be considered for Msg3 PUSCH in RACH procedure. 
For MsgA PUSCH transmission, the procedure of MsgA re-attempting with power ramping is similar to Msg1. The coverage and enhancement can be considered together with PRACH (Msg1) coverage enhancement. If the coverage of PRACH is not enhanced in SI, one option is that the coverage of MsgA PUSCH itself can be enhanced. Another option is that the coverage of MsgA PUSCH is also not enhanced. The former will have more standard complexity. In our view, the coverage enhancement should be unified for the whole MsgA. 
Proposal 2: MsgA, including PRACH and PUSCH, should have unified coverage enhancement solution. 
2.2. PRACH enhancement
UL coverage is always challenging due to limited antenna number and power class. The different PRACH formats design has taken the coverage target of PRACH into account in Rel-15. However, under some extreme coverage scenario, the coverage of PRACH may be a problem. Considering that PRACH transmission is responsible for initial access, timing synchronization, and radio link recovery, the coverage of PRACH is critical to system performance. For the important UL channel, such as PRACH, more link budget can be considered for some extreme coverage scenario, such as indoor. For FR2, with the much higher frequencies such as 28GHz or 39GHz, the coverage of PRACH becomes severe. 

For LTE MTC technologies, PRACH transmission repetition is applied with several CE levels. In NR, at least for FR2, repetition can be considered a potential solution for coverage enhancements for PRACH. Introducing new PRACH format is another potential option. In our view, coverage enhancements of PRACH can be considered, at least for FR2. It can be handled with second priority.

Proposal 3: The coverage enhancements of PRACH is considered during study item, at least for FR2.
For PRACH coverage enhancement, multiple PRACH transmission can be used to improve the coverage. The detecting results of the multiple PRACH will be helpful to the coverage of Msg3 PUSCH, e.g. by finer scheduling of PUSCH. The interplay between Msg1 and Msg3 can be further studied to enhance Msg3 additionally. 
Proposal 4: Multiple PRACH transmission is considered for PRACH coverage enhancement.
Proposal 5: Study whether the coverage of Msg3 can benefit from Msg1 coverage enhancement, and the interplay of them. 
2.3. PDCCH enhancements
The broadcast PDCCH should cover the UEs in the cell as much as possible. Compared to unicast PDCCH, broadcast PDDCH will have relative wider beam, and less beamforming gain. The broadcast PDCCHs carry important common control information, which are important for the NR operation. For type0 PDCCH, is important for the SIB1 reception of UE. Poor coverage will enlarge the latency of accessing the network. Other broadcast PDCCHs include type1-PDCCH for RAR, type2-PDCCH for paging, type3-PDCCH for SFI, and so on. The coverage of broadcast PDCCH can be protected by aggregation level in Rel-15. Similarly, more link budget can be reserved for some extreme coverage scenario, such as indoor.
For LTE MTC technologies, MPDCCH repetition is applied for coverage with reduced bandwidth of UE. In NR, repetition is also a potential solution for coverage enhancements for broadcast PDCCH. Higher aggregation level may be another potential option. In our view, coverage enhancements of broadcast PDCCH can be considered, at least for broadcast PDCCH. It can also be handled with second priority. For unicast PDDCH, it is not bottleneck channel based on initial evaluation results. It seems not a target channel for coverage enhancement in SI. 
Proposal 6: The coverage enhancements of PDCCH is considered during study item, at least for broadcast PDCCH.
If PDCCH coverage enhancement is considered, PDCCH repetition can be a way. Other aspects can also be considered, such as higher AL, larger CORESET. Before that, whether PDCCH enhancement is needed should be determined based on evaluation. 
3. Conclusions
In this contribution, coverage enhancement for channels other than PUSCH and PUCCH is discussed. The following are proposed.

Proposal 1: The main aspects to be enhanced for Msg3 PUSCH coverage should follow the enhancement for eMBB PUSCH. Additional aspects need be considered for Msg3 PUSCH in RACH procedure. 

Proposal 2: MsgA, including PRACH and PUSCH, should have unified coverage enhancement solution. 
Proposal 3: The coverage enhancements of PRACH is considered during study item, at least for FR2.
Proposal 4: Multiple PRACH transmission is considered for PRACH coverage enhancement.

Proposal 5: Study whether the coverage of Msg3 can benefit from Msg1 coverage enhancement, and the interplay of them. 
Proposal 6: The coverage enhancements of PDCCH is considered during study item, at least for broadcast PDCCH.
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