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1. Introduction
At RAN#96-e meeting, revised WID on further NR coverage enhancements for NR was approved with the objective as follows [1]:
	· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.
·  Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
·  Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)



At RAN1#110bis-e meeting, following agreements were achieved for PRACH coverage enhancement. 
	Agreement
· For multiple PRACH transmissions with same beam, at least support to use same PRACH preamble during the multiple PRACH transmissions in one RACH attempt.
· FFS: whether different preambles can be utilized in different PRACH transmissions during the multiple PRACH transmissions in one RACH attempt.
Agreement
· For multiple PRACH transmissions with same beam, at least ROs located at different time instances can be utilized for the transmissions.
· FFS: whether/how the starting RB of ROs can be different at different time instances for multiple PRACH transmissions.
· FFS: whether/how multiple PRACH transmissions located in the same time instance, e.g., for UEs with multiple Tx chains.
Agreement
For multiple PRACH transmissions with same beam, for RAR monitoring, consider the following options.
· Option 1: One RAR window per each PRACH transmission, the RAR window follows the legacy design.
· FFS: RA-RNTI.
· Option 2: Only one RAR window for all of the multiple PRACH transmissions.
· FFS: the start position of the RAR window.
· FFS: RA-RNTI.



In this contribution, remaining issues for PRACH coverage enhancement are discussed.
2. Discussions
2.1 PRACH repetitions with the same beam
Issue 1: Application use case
According to the WID objectives, PRACH repetitions with the same beam will be specified for 4-step RACH procedure in Rel-18. Considering there are multiple RACH types, e.g., contention free RACH (CFRA) and contention based RACH (CBRA), application use cases for PRACH repetitions with the same beam needs to be clarified first.
From specification perspective, PRACH repetitions for CFRA may have smaller impact on legacy UEs and specification than PRACH repetitions for CBRA.
From coverage extension perspective, the realistic coverage would generally be determined based on initial access signal/channels. Thus, PRACH coverage extension during initial access (e.g., CBRA) would be very important. For RACH during CONNECTED MODE (e.g., CFRA and CBRA), PRACH coverage extension may also be needed. For example, multiple PRACH transmissions for CFRA can improve PRACH detection rate in SNR limited scenarios, e.g. for handover and beam failure recovery cases. 
Therefore, PRACH repetitions should be supported for both CBRA and CFRA, considering both RACH during initial access and RACH in CONNECTED mode in Rel-18.

Proposal 1: Support PRACH repetitions for RA during initial access (e.g. CBRA) and RA during CONNECTED MODE (e.g. CFRA and CBRA).

Issue 2: Number of PRACH repetitions
For different channel conditions, there would be different requirements on coverage for a UL transmission. Therefore, the number of PRACH repetitions needed for the coverage target would be different. If only one repetition level (i.e., number of PRACH repetitions) is supported for PRACH repetitions, the repetition level should be determined based on the worst case, which will lead to resource waste for those UEs which require only a few repetitions. Therefore, multiple repetition levels should be supported for PRACH repetitions with the same beam.
When UE-specific signaling is not available for RA, e.g., RA initiated for initial access, it should be allowed that UE determines the number of PRACH repetitions based on certain condition(s) by itself. RSRP of the selected SSB/CSI-RS may be helpful for a UE to expect the current channel condition and the required coverage. Therefore, RSRP of the selected SSB/CSI-RS can be used to determine the number of repetitions for RA without PDCCH order.
For PDCCH ordered RA, it is possible to indicate the number of repetitions in PDCCH order. Following PDCCH order indication is simpler and more efficient than UE autonomous determination based on certain condition.

Proposal 2: Support multiple repetition levels (i.e. number of PRACH repetitions) for PRACH repetitions with the same beam.
· For RA without PDCCH order, UE can determine the number of PRACH repetitions based on RSRP of the selected SSB/CSI-RS.
· For PDCCH ordered RA, the PDCCH order indicates number of PRACH repetitions.

Issue 3: RACH resource determination for PRACH repetitions
How to determine RACH resource for PRACH repetitions would be one of the most important issues to be clarified. From gNB perspective, the following directions can be considered for study:
· Option 1: PRACH repetitions cannot be identified. 
· Option 2: PRACH repetitions can be identified.
For option 1, gNB can’t identify multiple PRACH repetitions. Therefore, joint detection for multiple repetitions is not possible. Each PRACH repetition can be regarded as independent PRACH transmission. In this case, the simplest solution is to use shared PRACH resources for PRACH repetitions and PRACH without repetitions, since complicated resource separation or configuration has no obvious benefit.
For option 2, gNB can identify PRACH repetitions. The main benefit is that joint detection among multiple repetitions from a UE can be performed, thus achieving more performance gain. In order to guarantee the gNB to identify multiple PRACH repetitions from a UE, separate PRACH resources (i.e., RO resources and/or preamble resources) for PRACH with repetitions and without repetitions is needed, with two options for PRACH resource configuration:
· Option 2A: Separate RO resources for PRACH repetitions and PRACH without repetition.
· Option 2B: Shared RO resources with separate preamble resources for PRACH repetitions and PRACH without repetition.
For option 2B, if RO resources are shared with legacy UEs, the PRACH repetition latency is largely dependent on the configured number of ROs for per SSB. For example, up to 8 repetitions needs to span 8 association periods if only one RO is configured for per SSB in one association period. Therefore, option 2A with separate RO resources for PRACH repetitions and PRACH without repetition is preferred.
Regarding configuration details of option 2A, the separate RO resource configuration can be achieved by:
· Option 2A-1: Separate PRACH configurations for PRACH repetitions and PRACH without repetition.
· Option 2A-2: A common PRACH configuration, with new parameters in the common PRACH configuration to indicate separate RO resources for PRACH repetitions.
The features for RO resources for PRACH repetitions and RO resources for PRACH without repetition may be largely different, e.g. different SSB-RO mapping relationships or PRACH slot positions may be needed. Therefore, separate PRACH configurations for PRACH repetitions and PRACH without repetition would be better, and it can minimize the impact on legacy UE without PRACH repetition capability.

Moreover, as discussed in Issue #2, multiple PRACH repetitions levels may be needed considering different channel conditions. For this case, PRACH resource separation for different repetition levels is also needed, in order to make sure that gNB can differentiate multiple PRACH repetition levels. Three alternatives can be considered:
· Alt 1: Shared RO resources for different repetition levels, but different preamble resources for different repetition levels.
· Alt 2: Separate RO resources for different repetition levels.
· Alt 3: Separate RO resources for different repetition indexes.
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Fig 1: Example of Alt 1
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Fig 2: Example of Alt 2
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Fig 3: Example of Alt 3

For the above alternatives, Alt 1 is the simplest solution. Alt 2 is a little similar to Alt 3, but Alt 2 may require more ROs in time domain, to support different number of repetitions. For example, there would be 2/4/8 TDMed ROs separately for repetition level as 2/4/8. If these ROs are all TDMed, the latency may be largely increased. For Alt 3, the ROs configured for later repetitions (i.e. larger repetition indexes) may be seldomly used, which may be not good for resource efficiency. Therefore, Alt 1 is preferred.

Proposal 3: For PRACH repetitions with the same beam, two directions are possible:
· Option 1: PRACH repetitions cannot be identified.
· Shared PRACH resources (including RO and preamble resources) for PRACH repetitions and PRACH without repetition.
· Option 2: PRACH repetitions can be identified.
· Separate RO resources for PRACH repetitions and PRACH without repetition.

Proposal 4: For PRACH repetitions with the same beam, if PRACH repetitions can be identified, 
· Support separate PRACH configurations for PRACH repetitions and PRACH without repetitions.
· If multiple repetition levels are supported for PRACH repetitions, support additional configuration for preamble resource set separation for different repetition levels.

Issue 4: PRACH repetition frequency hopping
In Rel-15/16/17, frequency hopping is supported for PUSCH and PUCCH. Frequency hopping can provide more frequency domain diversity gain, which improves UL channel coverage, especially for UL channel with narrow band frequency resource allocation. With multiple PRACH repetitions supported, frequency hopping among multiple PRACH repetitions is possible. For PRACH sequency with length as 139/571/839/1151, the minimum number of PUSCH RBs for one PRACH transmission can be 1/7/2/13. Therefore, frequency hopping across multiple PRACH repetitions would be helpful for PRACH coverage extension, at least for certain PRACH configurations. 

Proposal 5: Support PRACH frequency hopping for multiple PRACH repetitions.

Issue 5: RAR reception
In legacy RACH procedure, UE will start RAR window after transmitting Msg 1. For PRACH repetitions, RAR reception behavior needs to be clarified considering multiple PRACH repetitions transmission. 
In RAN1#110bis-e meeting, an agreement was made that two options would be further considered for RAR monitoring for multiple PRACH transmissions.

	Agreement
For multiple PRACH transmissions with same beam, for RAR monitoring, consider the following options.
· [bookmark: _Hlk118400548]Option 1: One RAR window per each PRACH transmission, the RAR window follows the legacy design.
· FFS: RA-RNTI.
· Option 2: Only one RAR window for all of the multiple PRACH transmissions.
· FFS: the start position of the RAR window.



For option 1, gNB can send RAR for each PRACH repetition independently. Therefore, it doesn’t require gNB to identify multiple PRACH repetitions. For option 2, gNB can send only one RAR for multiple PRACH repetitions. Therefore, it requires gNB to be able to identify PRACH repetition bundle. In summary, down-selection between option 1 and option 2 is dependent on RACH resource configuration as discussed in Issue 3 as follows. 
· If there is no requirement on gNB to identify PRACH repetitions (as discussed in Issue 3), option 1 is the only choice for RAR reception.
· If gNB to identify PRACH repetitions is required (as discussed in Issue 3), option 1 and option 2 are both feasible. 

Moreover, we have observed the following for option 1 and option 2, respectively, in terms of the required specification impacts:
· For option 1, specification impact may include: RAR window starting/duration, RA-RNTI calculation, etc. Since UE receives only one RAR, UE behavior after RAR reception (i.e. Msg 3 transmission, Msg 4 reception, etc.) can follow legacy behavior. 
· For option 2, Since UE receives multiple RARs, UE behavior after RAR reception (i.e. Msg 3 transmission, Msg 4 reception, etc.) may need further discussion, e.g., single or multiple Msg 3 transmission, early termination, etc. Moreover, PDCCH monitoring considering overlapping of RAR windows and/or contention resolution windows may also need to be studied. 

Proposal 6: 
· If PRACH repetitions cannot be identified, support option 1, i.e. one RAR window per each PRACH transmission.
· If PRACH repetitions can be identified, support option 2, i.e. only one RAR window for all of the multiple PRACH transmissions.

2.2 Multiple PRACH transmissions with different beams
According to the WID objectives, whether to support multiple PRACH transmissions with different beams should be justified. In our understanding, with same number of repetitions/transmissions, the performance gain for multiple PRACH transmissions with different beams may be not as obvious as PRACH repetitions with same beam in terms of coverage, since UE may allocate some repetition/transmission resource to beam(s) with not good quality. However, PRACH beam sweeping by multiple PRACH transmissions with different beams could be beneficial for identifying the best UL beam for a DL beam (e.g., an identified SSB) in RACH procedure, which may be useful for Msg 3/4 beam refinement. Moreover, RACH latency can be reduced since UE can try another PRACH beam without waiting for RACH failure for the previous beam. If multiple PRACH transmission with different beams is supported, similar issues as discussed in section 2.1 for PRACH repetitions with the same beam should also be considered. Therefore, we think multiple PRACH transmissions with different beams can be studied if specification impact is not large, or specification impact introduced by PRACH repetitions with same beam can be reused as much as possible. 

Proposal 7: Study multiple PRACH transmissions with different beams.
3. Conclusion
In this contribution, we discussed possible solutions for PRACH coverage enhancements. We have following observation and proposals:
Proposal 1: Support PRACH repetitions for RA during initial access (e.g. CBRA) and RA during CONNECTED MODE (e.g. CFRA and CBRA).

Proposal 2: Support multiple repetition levels (i.e. number of PRACH repetitions) for PRACH repetitions with the same beam.
· For RA without PDCCH order, UE can determine the number of PRACH repetitions based on RSRP of the selected SSB/CSI-RS.
· For PDCCH ordered RA, the PDCCH order indicates number of PRACH repetitions.

Proposal 3: For PRACH repetitions with the same beam, two directions are possible:
· Option 1: PRACH repetitions cannot be identified.
· Shared PRACH resources (including RO and preamble resources) for PRACH repetitions and PRACH without repetition.
· Option 2: PRACH repetitions can be identified.
· Separate RO resources for PRACH repetitions and PRACH without repetition.

Proposal 4: For PRACH repetitions with the same beam, if PRACH repetitions can be identified, 
· Support separate PRACH configurations for PRACH repetitions and PRACH without repetitions.
· If multiple repetition levels are supported for PRACH repetitions, support additional configuration for preamble resource set separation for different repetition levels.

Proposal 5: Support PRACH frequency hopping for multiple PRACH repetitions.

Proposal 6: 
· If PRACH repetitions cannot be identified, support option 1, i.e. one RAR window per each PRACH transmission.
· If PRACH repetitions can be identified, support option 2, i.e. only one RAR window for all of the multiple PRACH transmissions.

Proposal 7: Study multiple PRACH transmissions with different beams.
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