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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)



In this contribution, PRACH coverage enhancement solutions 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 different 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, e.g., RACH for beam failure recovery. 
Therefore, PRACH repetitions should be supported for 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: PRACH repetition pattern
How to transmit multiple PRACH repetitions should be studied. TDMed PRACH repetitions or FDMed PRACH repetitions can be considered.
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Figure 1: PRACH repetition pattern

FDMed PRACH repetitions may achieve smaller latency than TDMed PRACH repetitions. However, multiple PRACH repetitions in the same time domain resource for FDMed PRACH repetitions will reduce UL power density, which will limit the UL coverage. 
Since the motivation is to improve coverage, TDMed PRACH repetition should be supported.

Proposal 2: Support TDMed 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. Two directions can be considered for study:
· Option 1: Shared RACH resource (i.e., RO resource and/or preamble resource) for PRACH without repetitions and PRACH with repetitions.
· Option 2: Separate RACH resource (i.e., RO resource and/or preamble resource) for PRACH without repetitions and PRACH with repetitions.

Option 1 doesn’t require any modification on current RACH resource configuration/indication and determination rule. However, the collision for PRACH repetitions and PRACH without repetition may occur, which may increase PRACH occasion collision possibility than legacy case. Moreover, when gNB monitors a set of Ros without distinguishing UE supporting PRACH repetition and not supporting PRACH repetition, gNB could not know whether the multiple PRACH transmissions are sent from a single UE (i.e., PRACH repetitions) or from different UEs (i.e., not PRACH repetitions). In this case, gNB can’t perform joint detection for PRACH repetitions from a single UE. For a given number of PRACH repetitions, the gain by PRACH repetitions without joint detection would be smaller than PRACH repetitions with joint detection especially from coverage perspective. Moreover, gNB should send RAR for each PRACH repetition due to no awareness of PRACH repetition bundle.
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Figure 2: Example of Option 1for shared RACH resource (i.e. RO resource and/or preamble resource)

Option 2 with separate RACH resource (i.e., RO resource and/or preamble resource) can avoid collision for PRACH repetitions and PRACH without repetition, while it requires specification impact on RACH resource configuration/determination for PRACH repetitions. Considering RACH resource includes RO and preamble resource, two examples for option 2 can be considered.

· Case 1: separate RO resource for PRACH repetitions
If we consider separate RO resource for PRACH repetitions, which can be realized by explicit or implicit RO resource indication, e.g., separate RACH configuration to indicate separate ROs for PRACH repetitions, or to indicate separate ROs for PRACH repetitions other than the first repetition. Two examples can be considered for this case:
· Example 1-1: For ROs configured for PRACH repetition, there is no association between repetition index and a certain RO.
· Example 1-2: For ROs configured for PRACH repetition, a repetition index(es) is associated with a certain RO(s).
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Figure 3: Example 1-1/1-2 for separate RO resource for PRACH repetitions

In the example 1-1, when gNB receives multiple PRACH transmissions on multiple ROs, e.g. four PRACH transmissions as in the example, it would be difficult for gNB to determine whether they are four PRACH repetitions from one UE, or they are two repetitions from UE#1 and the other two repetitions from UE#2. Therefore, joint detection and single RAR for a PRACH repetition bundle are not applicable. 
In the example 1-2, a repetition index(es) is associated with a certain RO. When gNB receives multiple PRACH transmissions, gNB can know the corresponding repetition index based on the RO, then it would be possible for gNB to identify a PRACH repetition bundle. Therefore, joint detection and single RAR for PRACH repetition bundle are possible.
Comparing example 1-1 and example 1-2, example 1-2 has benefit of joint detection gain and not necessarily requiring independent RAR for each PRACH repetition. From this perspective, example 1-2 is a better solution. However, for example 1-2, fixed repetition index for each RO may increase latency since usage of the configured ROs is not very flexible. For example, to start Random Access procedure, even if more ROs are configured for PRACH repetitions, UE shall wait for a certain ROs for the initial PRACH transmission. If RA has started right after the RO corresponding to the first repetition, UE needs to wait for the next RO for the first repetition. 

· Case 2: separate preamble resource for PRACH repetitions
If we consider separate preamble resource for PRACH repetitions, which can be realized by configuring separate preamble groups for PRACH repetitions, or indicate separate preamble groups for PRACH repetitions other than the first repetition. Two examples can be considered for this case:
· Example 2-1: For preamble resources configured for PRACH repetitions, there is no association between repetition index and a certain preamble (group).
· Example 2-2: For preamble resources configured for PRACH repetitions, a certain max repetition number is associated with a certain preamble (group).
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Figure 4: Example 2-1 for separate preamble resource for PRACH repetitions
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Figure 5: Example 2-2 for separate preamble resource for PRACH repetitions

For the example 2-1, when gNB receives multiple PRACH transmissions on multiple ROs, e.g. four PRACH transmissions as in the example 2-1, it would be difficult for gNB to determine whether they are four PRACH repetitions from one UE, or they are two repetitions from UE#2 and the other two repetitions from UE#3. Therefore, joint detection and single RAR for PRACH repetition bundle are not applicable. 
For the example 2-2, when gNB receives multiple PRACH transmissions, gNB can know the corresponding max repetition number based on the preamble index, then it would be possible for gNB to identify PRACH repetitions. Therefore, joint detection and single RAR for PRACH repetition bundle can be possible.
Comparing example 2-1 and example 2-2, example 2-2 has benefit of joint detection gain and not requiring independent RAR for each PRACH repetition. However, more partitioned preamble groups are needed for example 2-2. 

· Case 3: separate RO and preamble resource for PRACH repetitions
For case 1 with only separate RO resource, example 1-2 can have better performance gain than example 1-1, while larger latency may happen. For case 2, without separate RO resource for PRACH repetitions, i.e., based on legacy RO configuration, when there is only one RO per SSB per association period, it would take a long time for UE to transmit the multiple PRACH repetitions. 
Considering the above analysis, one possible solution is to have separate RO and preamble resource for PRACH repetition, e.g. combination of example 1-1 and example 2-2.
· Example 3: 
· Separate ROs for PRACH with repetitions, while no association between repetition index (or number of repetitions) and certain ROs within the separate ROs for PRACH with repetitions
· Within the separate ROs for PRACH with repetitions, there is an association between a set of preamble indexes and the number of PRACH repetitions.
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Figure 6: Example 3 for separate RO and preamble resource for PRACH repetitions

For the example 3, it can avoid the drawback of example 1-2 (waiting for the RO for the 1st repetition) and drawback of example 2-1 (larger latency due to PRACH repetitions across ROs spread within potentially longer time duration). 

Proposal 3: For PRACH repetitions with the same beam, study RACH resource determination:
· Option 1: Shared RACH resource (i.e. RO resource and/or preamble resource) for PRACH without repetitions and PRACH with repetitions.
· Option 2: Separate RACH resource (i.e. RO resource and/or preamble resource) for PRACH without repetitions PRACH with repetitions.
· Further study whether to configure separate RACH resource for PRACH repetitions with different max repetition number or the repetition index.

Issue 4: 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. Two options can be considered: 
· Option 1: Single RAR for multiple PRACH repetitions.
· Option 2: Separate RAR for per PRACH repetition. 
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Figure 7: Single RAR for PRACH repetitions
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Figure 8: Separate RAR for per PRACH repetition

For option 1, gNB sends only one RAR for multiple PRACH repetitions. Therefore, it requires gNB to be able to identify a PRACH repetition bundle, which is dependent on RACH resource determination as discussed in Issue 3. When/how to monitor/detect the single RAR for multiple PRACH repetitions should be further studied, e.g. 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. 
Observation: Whether single RAR for multiple PRACH repetitions can be applicable is dependent on RACH resource configuration for PRACH repetitions. 

For option 2, gNB sends RAR for each PRACH repetition independently. Therefore, it doesn’t require gNB to identify a PRACH repetition bundle. RAR reception behavior (e.g., RAR window, RA-RNTI calculation, etc.) can follow legacy behavior as much as possible.  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.

Proposal 4: For PRACH repetitions with same beam, study impact on RAR reception behavior.

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, 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 is beneficial for identifying the best UL beam for a DL beam (e.g., an identified SSB) in RACH procedure, which may be good 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 5: 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:
Observation: Whether single RAR for multiple PRACH repetitions can be applicable is dependent on RACH resource configuration for PRACH repetitions. 

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 TDMed PRACH repetitions. 
Proposal 3: For PRACH repetitions with the same beam, study RACH resource determination:
· Option 1: Shared RACH resource (i.e. RO resource and/or preamble resource) for PRACH without repetitions and PRACH with repetitions.
· Option 2: Separate RACH resource (i.e. RO resource and/or preamble resource) for PRACH without repetitions PRACH with repetitions.
· Further study whether to configure separate RACH resource for PRACH repetitions with different max repetition number or the repetition index.
Proposal 4: For PRACH repetitions with same beam, study impact on RAR reception behavior.
Proposal 5: Study multiple PRACH transmissions with different beams.
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