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[bookmark: _Ref513464071]Introduction
In RAN1#102-e, RAN1 agreed to prioritize the study of certain schemes for improving coverage for initial access. More specifically, the following potential enhancements were identified (see Appendix for related agreements):
· PRACH (msg1) repetition
· PDCCH in common search space (including msg2)
· PUSCH msg3 repetition
· MsgA enhancement
· [bookmark: _Hlk53748131]Early CSI and/or beam refinement during initial/random access
This contribution identifies design considerations and specification impacts for the above enhancements and proposes to capture them in TR 38.830. It also provides a text proposal to TR 38.830 section 6.3.
Enhancements for PRACH
RAN1 identified support for multiple PRACH transmissions as a possible enhancement for initial access coverage. The existing random access procedure already supports a retransmission mechanism for PRACH. However, retransmission may only occur after timer expiry (random access response window) which increases latency. The enhancement under consideration consists of repeating PRACH in multiple occasions (possibly adjacent in time) before expiry of the window. This would enable the UE to use different narrow beams for each PRACH transmission, increasing probability of successful reception at the network side. Furthermore, if the network can inform the UE about the best PRACH repetition within the repetition bundle in random access response, the UE can then reuse the corresponding beam for PUSCH msg3 to improve coverage of that transmission as well.
Design aspects to be considered for PRACH repetition thus include:
· Configuration of PRACH occasions when repetition is supported
· Whether/how to indicate a best PRACH repetition among a repetition bundle in msg2
Proposal 1: Capture in TR 38.830 that specification impacts for PRACH enhancements relate to configuration of PRACH occasions and whether/how to provide indication of a best PRACH repetition among a repetition bundle in msg2.
Enhancements for PDCCH and msg2
RAN1 identified PDCCH in common search space as a possible target for enhancement. One possible enhancement is PDCCH repetition [2]. In PDCCH repetition, the UE may expect PDCCH with the same contents for more than one PDCCH candidate which may be in different PDCCH monitoring occasions. The UE can then combine more than one transmission to increase the probability of successful decoding.
One case where PDCCH repetition in a common search space may be likely to yield coverage gain benefits is when it carries the random access response (RAR or msg2) and in FR2. Beams used during initial access may be coarser than during normal operation which means that coverage bottleneck may occur at that point. Another potential benefit of supporting PDCCH repetition is that in enables the network to transmit using different narrow beams, increasing probability of successful reception at the UE side. If the UE can inform the network about the best PDCCH repetition among the repetition bundle in msg3 (or in a CSI report transmitted before msg4), the network can then reuse corresponding beam for msg4 to improve coverage of that transmission. This type of mechanism is one possible approach to enable beam refinement/early CSI during initial access.
Design aspects to be considered for repetition of PDCCH for random access response include:
· Configuration of PDCCH repetitions
· Whether/how to indicate a best PDCCH repetition, e.g. within msg3 or in early CSI report
Proposal 2: Capture in TR 38.830 that specification impacts for PDCCH enhancements for RAR relate to configuration of PDCCH repetitions and whether/how to provide indication of a best PDCCH repetition among a repetition bundle in msg3 or in early CSI report.
Enhancements for PUSCH msg3/msgA
RAN1 identified repetition of msg3 PUSCH as a possible enhancement. The motivation is that the total number of HARQ retransmissions required for msg3 in coverage-limited conditions can be quite high for initial access in FR2 given that refined beams may not be available. Repetition schemes for PUSCH are already available from R15 (type A) and R16 (type B) but are currently not supported for the case of msg3. Furthermore, DMRS enhancements proposed for PUSCH in the general case (e.g. bundling) could be applicable for msg3/msgA as well.
Design aspects to be considered for repetition of PUSCH msg3 include:
· How to determine number of repetitions (e.g. in RACH configuration or dynamically in RAR)
· Type of repetition mechanism that is supported (e.g. based on PUSCH repetition Type A/Type B/other)
· Whether to support DMRS bundling between PUSCH repetitions
Proposal 3: Capture in TR 38.830 that specification impacts for repetition of msg3 PUSCH relate to determination of number of repetitions, type of repetition mechanism such as PUSCH repetition Type A/Type B/Other, and whether to support DMRS bundling.
	Early CSI reporting
RAN1 identified early provisioning of CSI report and beam refinement during initial access procedure as possible enhancements. Beam refinement during initial access can be enabled by repetition techniques discussed in the above sections. Early CSI reporting would be beneficial for the selection of a proper MCS for msg4 PDSCH and subsequent PDSCH messages until the UE obtains a suitable CSI reporting configuration.
Design aspects to be considered for early CSI reporting include:
· Configuration of measurement resources (e.g. by system information)
· Triggering/Reporting resource (e.g. whether to support triggering from msg2, whether to report in msg3 PUSCH or in a PUCCH)
Proposal 4: Capture in TR 38.830 that specification impacts for early CSI reporting relate to configuration of measurement resources, triggering and reporting resource.


	TP to TR 38.830 section 6.3

	6.3	Coverage enhancements for channels other than PUSCH and PUCCH
Enhancements that may improve coverage during initial access procedure and their expected specification impact are identified in the following.
· PRACH repetition for msg1 or msgA
· PDCCH repetition for msg2
· PUSCH repetition for msg3 or msgA
· Beam refinement during initial access
· Early CSI reporting
The expected specification impacts of these enhancements are related to:
· Configuration of PRACH occasions in case repetition is supported;
· Whether/how to indicate a best PRACH repetition among a repetition bundle in msg2;
· Configuration of PDCCH repetitions;
· Whether/how to indicate a best PDCCH repetition among a repetition bundle within msg3 or in early CSI report;
· Determination of number of repetitions for msg3 or msgA;
· Type of repetition mechanism supported for PUSCH in msg3/msgB (e.g. PUSCH repetition Type A/Type B/other);
· Whether to support DMRS bundling between PUSCH repetitions for msg3/msgB;
· Configuration of measurement resources for early CSI reporting;
· Triggering and reporting resource for early CSI report (e.g. triggering from msg2, whether to report in msg3 PUSCH or in PUCCH).


 
Conclusion.
This contribution discussed potential enhancements to improve coverage during initial access procedure, and proposed the following:
Proposal 1: Capture in TR 38.830 that specification impacts for PRACH enhancements relate to configuration of PRACH occasions and whether/how to provide indication of a best PRACH repetition among a repetition bundle in msg2.
Proposal 2: Capture in TR 38.830 that specification impacts for PDCCH enhancements for RAR relate to configuration of PDCCH repetitions and whether/how to provide indication of a best PDCCH repetition among a repetition bundle in msg3 or in early CSI report.
Proposal 3: Capture in TR 38.830 that specification impacts for repetition of msg3 PUSCH relate to determination of number of repetitions, type of repetition mechanism such as PUSCH repetition Type A/Type B/Other, and whether to support DMRS bundling.
Proposal 4: Capture in TR 38.830 that specification impacts for early CSI reporting relate to configuration of measurement resources, triggering and reporting resource.
A TP to TR 38.830 section 6.3 capturing the above was provided.
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Agreements from RAN1#102-e

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. 

Others? 8/26
Agreements:
Enhancement to PUSCH scheduled by RAR UL grant will not consider the optimization specific for CFRA case in NR coverage SI.

Update from 8/28 GTW
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.  

