


v3GPP TSG-RAN WG2 Meeting #125bis	R2-2403085
Changsha, China, 15 – 19 April 2024	


Agenda item:	7.21.3
Source:	Nokia
Title:	PRACH Mask for Msg1 repetition
WID/SID:	NR_cov_enh2-Core - Release 18
Document for:	Discussion and Decision
1	Introduction
In the previous RAN2#125 meeting, PRACH mask applicability for Msg1 repetition in case of CFRA was discussed at length and no conclusion could be reached. The following was then agreed:
	Try to support it and try to converge at next meeting and see if we can converge on a solution, if we don’t converge we don’t support it



This TDoc discusses options for the mask applicability.
2	Discussion
RAN1 had agreed to down-select the modelling for mask applicability from the following options out of which they eventually could not decide in RAN1#116 meeting [1]:
	Agreement
For multiple PRACH transmissions with indication of PRACH mask index, down-select one of the following options at RAN1#116
• Option 1: UE applies PRACH mask prior to RO group determination. RO group is determined based on the ROs indicated by the PRACH mask index.
• Option 2: UE applies PRACH mask after RO group determination. UE transmits PRACH with preamble repetitions only on a RO group with all the ROs indicated by the mask.
• Option 3: UE applies PRACH mask after RO group determination. UE transmits PRACH with preamble repetitions only on a RO group where at least one RO of this RO group is indicated by the mask
• Option 4: UE applies PRACH mask after RO group determination. The PRACH mask index indicates one or multiple RO groups for multiple PRACH transmission.
Note: this implies the PRACH mask index indicates the RO group instead of RO.



A detailed analysis of the 4 options follows:
Option 1:
This option is reasonable at high level and ultimately seems to result in the most literal extension of the legacy behavior to PRACH transmission with preamble repetitions. However, it has the disadvantage of resulting in different RO sets depending on the configured PRACH masks. This may be rather complex for the gNB to support, given that the latter could need to maintain different RO sets and time periods depending on the configured masks (at the same time). We note that this option is the only one causing this issue which could arguably be solved only by never configuring PRACH masks together with PRACH transmission with preamble repetitions, i.e., this would be equivalent to not supporting the applicability of PRACH masks to PRACH transmission with preamble repetitions in Rel-18.
	Option 2: 
This option implies that whenever all ROs of a set are not indicated by the mask then this would result in dropping the RO(s) indicated by the PRACH mask itself. Even more, all the ROs of the corresponding RO set would be dropped, irrespective of whether they are indicated by the mask or not. This would have the following two consequences:
1. It is not clear how NW could ensure that all the codepoints of PRACH masks would point to different sets/resources, as per original intention of the PRACH mask. This may complicate gNB’s scheduling quite substantially.
2. It may yield a new dropping rule peculiar to PRACH transmission with preamble repetitions, e.g., if UE is provided with a PRACH mask that does not indicate at least one RO of an RO set the PRACH transmission with preamble repetitions over that set is dropped. This seems to be against current agreements in RAN1, which stipulate that only existing dropping rules for Rel-15/Rel-16/Rel-17 PRACH are used.
3. It would result in a different behavior between single PRACH transmission and PRACH transmission with preamble repetitions when it comes to the effect of the mask configuration itself. Indeed, it would imply that even if some of the ROs of one RO set are indicated by the mask, but not all, then the PRACH would not be transmitted in case of PRACH transmission with preamble repetitions but would be transmitted in case of single PRACH transmission (since the MAC procedure prevents fallback between single and multiple PRACH once the choice between this two PRACH modes in made at MAC level).
For these reasons, Option 2 does not seem a suitable way forward.
	Option 3: 
This option solves most of the problems of Option 2, since if any RO of an RO set is indicated by the mask, then the RO set is used in case of PRACH transmission with preamble repetitions. Therefore, behavior across different PRACH modes is consistent and no new dropping rules peculiar to PRACH transmission with preamble repetitions would be needed. Specification impact would also be minor, since only additional words in the main sentence introducing the PRACH mask, would be needed to capture it in the specification, with no modifications to the RO set determination text. At the same time, this option would have a similar drawback as Option 2, since several codepoints of the PRACH mask would result in the same RO set indication according to this option. This seems to hinder the relevance of the PRACH mask itself, and reduces the extent of its applicability, since gNB would not be able to have the same fine control on the resource indication for PRACH as in previous releases.
The problem could be solved if the PRACH mask indicated the first valid RO of a set for PRACH transmission with preamble repetition, however this may result in a lower number of RO sets that can be indicated by the PRACH mask, within the time period.
	Option 4: 
This option is the only one that simultaneously guarantees:
1. RO sets position within a time period is independent on the PRACH mask;
2. finer RO set density control;
3. full applicability of the PRACH mask to PRACH transmission with preamble repetitions, given that all the codepoints would point to different sets/resources.
As such, it is welcome from a technical point of view especially since RAN1 did not agree on supporting very large configurable time offsets between starting ROs in Rel-18 (which would have allowed to configure only one RO set per time period, if needed). Option 4 would allow this. Additionally, it would allow to use the PRACH mask for what it was conceived, i.e., indicate separate resources with different PRACH masks, and also ease gNB’s implementation. At the same time, it would open at least one discussion on the behavior in case the PRACH mask value is incompatible with the actual number of groups in a time period and so on. 
Observation 1: The option 4 from the RAN1 defined options allows to use the PRACH mask for what it was conceived, i.e., indicate separate resources with different PRACH masks, and also ease gNB implementation.
No matter which option RAN2 would pick up, it is obvious RAN2 cannot (at least fully) really implement the related agreement but this should be done by RAN1. Hence, the following is proposed:
Proposal 1: UE applies PRACH mask after RO group determination. The PRACH mask index indicates one or multiple RO groups for multiple PRACH transmission.
Proposal 2: Send an LS in [2] to RAN1 tasking them to implement Proposal 1.
3	Conclusion
Observation 1: The option 4 from the RAN1 defined options allows to use the PRACH mask for what it was conceived, i.e., indicate separate resources with different PRACH masks, and also ease gNB implementation.
Proposal 1: UE applies PRACH mask after RO group determination. The PRACH mask index indicates one or multiple RO groups for multiple PRACH transmission.
Proposal 2: Send an LS in [2] to RAN1 tasking them to implement Proposal 1.
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