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Introduction
In the RAN1#102-e meeting, the following agreements were made on 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., signaling 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 this contribution, we provide our views on potential techniques for coverage enhancement for channels other than PUSCH and PUCCH in Rel-17.
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· Msg-3 PUSCH repetition
In the last RAN1#102-e meeting, it was identified Msg-3 PUSCH coverage is one of bottleneck channels based on simulation results and agreed to study Msg-3 PUSCH enhancement including at least Msg-3 PUSCH repetition in NR coverage enhancements SI. 
In Rel-15/16 NR, PUSCH transmission with repetition is configurable by RRC signaling after RRC connection and it is applicable for PUSCH scheduled by DCI format 0_1 or 0_2 [2]. Before RRC connection (i.e., RRC idle state), PUSCH scheduled by DCI format 0_0, including Msg-3 PUSCH, is transmitted without repetition. 
To enable Msg-3 PUSCH repetition, the following information needs to be informed to a UE before Msg-3 PUSCH transmission.
1) Whether to allow Msg-3 PUSCH repetition or not in a serving cell
When a UE perform random access procedure, a gNB can inform whether the UE in a serving cell is allowed to transmit Msg-3 PUSCH with repetition or not. 
2) Repetition number for Msg-3 PUSCH transmission
Once a UE is configured to enable Msg-3 PUSCH repetition in a serving cell, Msg-3 PUSCH repetition number can be configured by SIB1 as cell-specific or indicated by dedicated signaling.
Msg-3 PUSCH repetition number can be indicated explicitly by repetition number directly, or a value in TDRA table, which is applied for Msg-3 PUSCH repetition. In this case, similarly as pusch-TimeDomainAllocationList in ConfigCommon, a SIB1 may configure to use the new TDRA table with Msg-3 PUSCH repetition number.
3) Activation of Msg-3 PUSCH repetition
Activation of Msg-3 PUSCH repetition can be indicated to a UE. That is, Msg-3 PUSCH transmission with repetition can be allowed only if the activation is indicated to the UE. This information can be indicated by a DCI during random access procedure. 
The signaling for activation of Msg-3 PUSCH repetition can be optional. Without this activation, all of UEs (including non-coverage-limit UEs) may transmit Msg-3 PUSCH with repetition. Also, it is worth noting that the activation is implicitly indicated to the UE. For example, if the UE is indicated with Msg-3 PUSCH repetition number (larger than one), it can be regarded as activation of Msg-3 PUSCH repetition implicitly.
· Proposal 1: To enable Msg-3 PUSCH transmission with repetition, the following information needs to be informed to a UE. 
· Whether to allow Msg-3 PUSCH repetition or not in a serving cell
· Repetition number for Msg-3 PUSCH transmission
· Activation of Msg-3 PUSCH repetition
Before transmitting Msg-3 PUSCH (hereafter initial Msg-3 PUSCH transmission), a UE may receive the followings
1) SS/PBCH block(s), 
2) SIBs, 
3) DCI format 1_0 scrambled with RA-RNTI, 
4) RAR UL grant. 
Additionally, to retransmit Msg-3 PUSCH (hereafter Msg-3 PUSCH retransmission), a UE may receive the following, 
5) DCI format 0_0 with CRC scrambled by TC-RNTI. 
In detail, the following signaling may be further considered to indicate or configure the above information to be informed to a UE.
For the signalling whether to allow Msg-3 PUSCH repetition or not in a serving cell, it seems beneficial to configure via SIB1 due to the fact that the information represents cell capability
For the signalling of repetition number for Msg-3 PUSCH transmission, we think that dynamic adaptation of repetition number is not necessary and so semi-statically configured number of repetition would be enough for Msg-3 PUSCH transmission. In that sense, the repetition number can be configured in SIBs, same as in the first information. 
Further considerable points are to configure a repetition number for both initial Msg-3 PUSCH transmission and Msg-3 PUSCH retransmission or separate repetition numbers for each initial Msg-3 PUSCH transmission or Msg-3 PUSCH retransmission. For example, it may be sufficient to support a small number of repetition for initial Msg-3 PUSCH transmission to avoid unnecessary UL transmission and a large number of repetition for Msg-3 PUSCH retransmission. 
For the signalling for activation of Msg-3 PUSCH repetition, the activation of Msg-3 PUSCH repetition can be indicated by DCIs such as DCI format 1_0 scrambled with RA-RNTI, DCI format 0_0 with CRC scrambled by TC-RNTI, or RAR UL grant. 
· For the case by DCI format 1_0 scrambled with RA-RNTI, it can be indicated with a reserved bit (e.g., 1 bit from reserved 14 bits). However, since the DCI format 1_0 scrambled with RA-RNTI is intended to group of UEs using same preamble in Msg1, the activation is also informed to the group of UEs. Also, the DCI format 1_0 scrambled with RA-RNTI is used to schedule a PDSCH carrying RAR (Msg-2) so that it can be awkward to include PUSCH scheduling information in the DCI. 
· For the case by RAR UL grant, there is no reserved bit to use as an activation for Msg-3 PUSCH transmission. So, rather than indicating the activation explicitly, it would be better to indicate the activation implicitly. That is, the Msg-3 PUSCH repetition can be activated by some cases based on the information carried by RAR UL grant (e.g., a combination of Msg-3 PUSCH scheduling information in RAR such as MCS, TPC, etc.).
Note that DCI format 1_0 scrambled with RA-RNTI and RAR UL grant can be received before transmitting initial Msg-3 PUSCH transmission, there can be applicable to both initial Msg-3 PUSCH transmission and Msg-3 PUSCH retransmission. 
· For the case by DCI format 0_0 with CRC scrambled by TC-RNTI, the methods introduced above can be reused. That is, 1 bit from DCI format 0_0 with CRC scrambled by TC-RNTI can be used to indicate the activation of Msg-3 PUSCH repetition, or the Msg-3 PUSCH repetition can be activated by some cases on the information carried by DCI format 0_0 with CRC scrambled by TC-RNTI. 
· Proposal 2: To indicate information for Msg-3 PUSCH transmission with repetition, the following siganaling details should be further investigated. 
· For initial Msg3 PUSCH transmission, explicit indication in DCI format 1_0 scrambled with RA-RNTI or implicit indications in RAR UL grant or DCI format 0_0 with CRC scrambled by TC-RNTI, 
· For Msg3 PUSCH retransmission, explicit indication or implicit indication in DCI format 0_0 with CRC scrambled by TC-RNTI
Conclusion
In this contribution, we provided our views on issues related Msg-3 PUSCH enhancement including Msg-3 PUSCH repetition for Rel-17 coverage enhancement for channels other than PUSCH and PUCCH and the followings are proposed:
· Proposal 1: To enable Msg-3 PUSCH transmission with repetition, the following information needs to be informed to a UE. 
· Whether to allow Msg-3 PUSCH repetition or not in a serving cell
· Repetition number for Msg-3 PUSCH transmission
· Activation of Msg-3 PUSCH repetition
· Proposal 2: To indicate information for Msg-3 PUSCH transmission with repetition, the following siganaling details should be further investigated. 
· For initial Msg3 PUSCH transmission, explicit indication in DCI format 1_0 scrambled with RA-RNTI or implicit indications in RAR UL grant or DCI format 0_0 with CRC scrambled by TC-RNTI, 
· For Msg3 PUSCH retransmission, explicit indication or implicit indication in DCI format 0_0 with CRC scrambled by TC-RNTI
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