3GPP TSG-RAN WG2 Meeting #125bis	R2- 2403668
Changsha, China, 15th – 19th April, 2024

Title	PRACH Mask for CFRA with Msg1 repetition
Source	LG Electronics
Document for	Discussion and Decision
Agenda Item	7.21.3
1 	Introduction	
In RAN2#125 meeting[1], it is agreed to discuss on the details of the PRACH mask for CFRA with Msg1 repetition:
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

In this contribution, we provide our views on how to support PRACH Mask for CFRA with Msg1 repetition.
2	Discussion
According to RAN1 discussion and agreements [2], for Msg1 repetition, the concept of RO group is defined in order to identify a set of ROs for given number of Msg1 repetition. The RO group pattern is repeated for every time period X.
	RAN1#112
Agreement
For multiple PRACH transmissions with same Tx beam, "RO group" is assumed for multiple PRACH transmissions with separate preamble on shared ROs and/or multiple PRACH transmissions on separate ROs, and one RO group consists of valid RO(s) for a specific number of multiple PRACH transmissions.
· Note 1: All ROs in one RO group is associated with the same SSB(s).
· Note 2: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission.
· Note 3: whether/how to define “RO group” in specification will be discussed separately
· Note 4: Valid RO(s) refers to what is defined in existing specification
· FFS: whether and how to address collision between valid ROs for multiple PRACH transmissions and other existing ROs for legacy single PRACH transmission or other features, e.g., 2-step RACH.
· FFS: the time span of RO group.
· FFS: whether and how ROs can be shared between different RO groups for different number of multiple PRACH transmissions.
· FFS: other details

RAN1#113
Agreement
A set of RO group(s) for a configured number of multiple PRACH transmissions is determined/configured within a time period X, starting from frame 0. The determined/configured set of RO groups repeats every time period X.
· The time period X is K SSB-to-RO association pattern periods.
· Note: Whether/how to introduce SSB-to-RO group mapping.
· FFS: K is configured by the network or determined based on some rule.

RAN1#114
Agreement
For a given number of N multiple PRACH transmissions, to determine the starting RO of all the RO groups within a time period X:
· If a time offset is configured, then
· the starting RO of the first RO group for each  is determined from the first valid RO within the time period X, first in increasing order of frequency resource index for frequency multiplexed PRACH occasions; second in increasing order of time resource index.
· the starting RO of the n-th RO group for each  is determined as the RO at the time offset equal to a number of valid ROs from the starting RO of the (n-1)-th RO group for the same .
· If time offset is not configured, then
· the starting RO of the first RO group is the first valid RO within the time period X.
· the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.

RAN1#114bis
Agreement
All ROs in one RO group are associated with the same SSB(s), which means:
· If each RO is associated with one SSB, all ROs in one RO group are associated with the same SSB index.
· If each RO is associated with multiple SSB, all ROs in one RO group are associated with the same SSB indexes and each same SSB index of the SSB indexes is associated with the same preambles.
Note: Potential spec. impact will be further investigated.



In addition, when RO is shared by multiple Msg1 repetition numbers, one common time period X is defined based on the minimum number of SSB-RO associated period for all the configured numbers of Msg1 repetition.
	Agreement
For the number of SSB-to-RO association pattern periods K within the time period X,
· For multiple PRACH transmissions with different numbers, support 
One common K is implicitly determined as a minimum integer for all the configured number of multiple PRACH transmissions such that for each of  SSBs, there is at least one RO group per each configured number of multiple PRACH transmissions consisting of ROs associated with the SSB.



For example, assume that 4 ROs are FDM-ed, there are two SSBs (SSB0 and SSB1), and one SSB is mapped to 4 consecutive PRACH occasions (ssb-perRACH-Occasion = oneFourth). In this case, if an RO is shared for Repetition number = 2 and Repetition number = 8, time period X will be 8 SSB-to-RO association pattern period, which is common to Repetition number = 2 and Repetition number = 8. Then, 16 RO groups for Repetition number 2 can be defined within the time period X, as depicted in Figure 1.
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Figure 1. Example of RO group and Time period X for Rep_Num=2 and Rep_Num=4.
On the other hand, in the legacy CFRA procedure for Reconfiguration with Sync case, PRACH Mask index is indicated in ra-ssb-OccasionMaskIndex, in order to indicate the allowed RACH occasion. Given that RO index is reset per mapping cycle of consecutive PRACH occasions per SSB index, RO Mask is useful only if the number consecutive PRACH occasions for SSB is larger than one (i.e., only if ssb-perRACH-Occasion is set to one of [oneEighth, oneFourth, or oneHalf])
Given that the Msg1 repetition is supported in the CFRA for Reconfiguration with sync case, it was discussed in RAN1 for couple of meeting on whether and how to support the PRACH mask for CFRA with Msg1 repetition. During the RAN1#115 meeting and RAN1#116 meetings [3], following options are proposed but no consensus is achieved.
	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 index(es). 



Before discussing each option, we would like to emphasize one thing. The intention to define PRACH mask is to indicate the available RO group(s) among multiple RO group(s), so it is not essential to support the PRACH Mask for CFRA procedure with Msg1 repetition. Given that CE WI is already finished in the last year, if the details cannot be simply decided, it would be better not to support the PRACH Mask for CFRA with Msg1 repetition and there would be no critical harm not to support it. Therefore, in order to define the PRACH Mask for Msg1 repetition, following aspects should be considered:
· Further discussion on details or potential issues should be avoided;
· It should not be too restrictive to apply the PRACH Mask. Otherwise, PRACH Mask would not be beneficial.

For Option 1, given that the PRACH mask is indicated via dedicated signalling, if the PRACH mask is applied before the RO group design, each UE would determine different RO group, i.e., RO grouping pattern for UE 1 and RO grouping pattern for UE 2 be different. However, it would be complicated to define RO group after applying the PRACH mask, since the RO group should be determined based on the RO configuration and applied PRACH mask. In addition, there might be potential impact on defining time period X, which should be further investigated in RAN1.
For example, for Repetition number =2, assume that 4 ROs are FDM-ed, there are two SSBs (SSB0 and SSB1), and one SSB is mapped to 8 consecutive PRACH occasions (ssb-perRACH-Occasion = oneEighth). There are 3 UEs configured with different PRACH Mask index, e.g.,
· For UE 1, PRACH Mask =1
· For UE 2, PRACH Mask = 5,
· For UE 3, PRACH Mask = All occasions
Then, the RO group will be differently configured for each UEs, and potentially, additional time period X may be defined for PRACH Mask index, e.g., for PRACH Mask = 1, which is different from time period X for CBRA with Repetition number 2(i.e., time period X = one SSB-to-RO association pattern period).
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Figure 2. Exemplary case for PRACH Mask index with Option 1.
However, in our understanding, there was no discussion to define different size of time period X for CBRA procedure and CFRA procedure in RAN1 discussion. In this sense, for Option 1, further discussion may be needed based on different RO group configuration and time period X for each UE in RAN1, which is not desirable.

For Option 2, in some cases, it is impossible to select some RO groups, except for allowing all ROs. For example, assume that 4 ROs FDMed (i.e., PRACH-FDM = 4), the number of consecutive ROs per SSB is 8 (i.e., ssb-perRACH-Occasion = oneEighth), and the Repetition number is 2. Then, PRACH Mask index cannot be used except for [9, all odd occasions], [10, all even occasions], and [0, all occasions], since ROs in a RO group is associated with different number of RO index. For example, for SSB index 0, if the PRACH mask is 1, no RO group would be used since the RO group is associated with ROs with two RO indexes, i.e., one RO with RO index 1 and another RO with RO index 5.
[image: ]
Figure 3. Exemplary case for PRACH Mask index with Option 2.
Since it would be too restrictive to apply PRACH Mask only using certain value (e.g., [9, all odd occasions], [10, all even occasions], or [0, all occasions]), and the network does not have enough flexibility to indicate the available RO groups. In this sense, PRACH Mask using the Option 2 has clear limitations with no critical benefits, which is not desirable. 

For Option 3, in our view, it is the simplest way to reuse the existing RO group index to apply PRACH Mask. Since it is a new behaviour to indicate RO group by PRACH Mask for Msg1 repetition, it is not needed to strictly apply the legacy PRACH mask operation for Msg1 repetition, as long as the indicated RO group(s) by PRACH Mask are clear to UE and network. In addition, it is enough to indicate the first RO in RO group in Option 3, i.e., there is no need to indicate other RO(s) for the same RO group. 
For example, assume that 4 ROs FDMed (i.e., PRACH-FDM = 4), the number of consecutive ROs per SSB is 8 (i.e., ssb-perRACH-Occasion = oneEighth), and the Repetition number is 2. In this case, RO Mask index from 1 to 4 can be used to indicate the RO group. 
[image: ]
Figure 3. Exemplary case for PRACH Mask index with Option 3.
In this sense, Option 3 could be simplified as follows:
· UE applies PRACH mask after RO group determination. UE transmits PRACH with preamble repetitions only on a RO group where at least one the first RO of this RO group is indicated by the mask

For Option 4, it looks straightforward, since it directly indicates the index for RO group, instead of the RO. However, given that index for RO group has not been defined in current RAN1 specification, additional discussion is needed to define RO group index in RAN1, including follow aspects:
· How to order the index of RO groups; and
· Which time period the index of RO group is reset.
In addition, based on the RAN1 conclusion, further discussion in RAN2 may be needed, e.g., if RO group index is reset for time period X, based on the understanding that the RO group pattern is repeated for each time period X. 
For example, if the RO group index is reset for each time period X, assume that RA resource is configured same as depicted in Figure 5. Then, since the time period X is commonly defined for Msg1 repetition number 2 and Msg1 repetition number 8, there would be 16 RO groups for Repetition number 2. In this case, in order to indicate RO group 9 ~ RO group 16, new ASN.1 signalling and new table in MAC specification (i.e., clause 7.4 of TS 38.321) is needed for this non-critical issue on closed WI, which should be avoided.
[image: ]
Figure 5. Example for RO group indexing for time period X.

Otherwise, RO group resetting time period should be newly defined, considering that the maximum RO group index is 8. It definitely causes additional discussion in RAN1, which is not desirable for this closed WI.

Therefore, considering the flexibility and simplicity to define the PRACH Mask index, Option 3 with a little modification, i.e., to indicate the first RO reusing the existing RO Mask index, is preferred.
Proposal 1. UE applies PRACH mask after RO group determination. UE transmits PRACH with preamble repetitions only on a RO group where the first RO of this RO group is indicated by the mask.
If proposal 1 is agreed, the detailed operation to determine RO group based on indicated PRACH Mask should be specified in RAN1 specification, given that the definition of RO index and how to identify PRACH occasion based on PRACH Mask index for legacy RA procedure is specified in TS 38.213[4].
Therefore, from RAN2 perspective, it is only needed to clarify that the PRACH Mask index for CFRA with Msg1 repetition is determined as TS 38.213.
Proposal 2. Adopt TP in Annex A.

If proposal 1 is not agreed, given that further investigation for other options is needed, it is not desirable to discuss for multiple meetings to adopt the PRACH Mask for CFRA with Msg1 repetition. Therefore, it would be safer not to support PRACH Mask for CFRA with Msg1 repetition.
Proposal 3. If proposal 1 is not agreed, do not support PRACH Mask for CFRA with Msg1 repetition.
For proposal 3, it can be clarified in the field description of ra-ssb-OccasionMaskIndex included in RACH-ConfigDedicated that  of ra-ssb-OccasionMaskIndex is set to 0 (i.e., all occasions) if Msg1 repetition number is configured.
Proposal 4. Adopt TP in Annex B.
3	Conclusion
In this paper, we discussed our views to support PRACH Mask for CFRA with Msg1 repetition.. The discussion includes the following proposals:
Proposal 1. UE applies PRACH mask after RO group determination. UE transmits PRACH with preamble repetitions only on a RO group where the first RO of this RO group is indicated by the mask.
If proposal 1 is agreed, following is proposed:
Proposal 2. Adopt TP in Annex A.
If proposal 1 is not agreed, following are proposed:
Proposal 3. If proposal 1 is not agreed, do not support PRACH Mask for CFRA with Msg1 repetition.
Proposal 4. Adopt TP in Annex B.
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Annex A	MAC TP for proposal 1
	[bookmark: _Toc29239820][bookmark: _Toc37296175][bookmark: _Toc46490301][bookmark: _Toc52751996][bookmark: _Toc52796458][bookmark: _Toc155999603]5.1.1	Random Access procedure initialization
(…omitted)
-	ra-ssb-OccasionMaskIndex: defines PRACH occasion(s), or set(s) of PRACH occasions for Msg1 repetition as specified in TS 38.213 [6], associated with an SSB in which the MAC entity may transmit a Random Access Preamble (see clause 7.4);





Annex B	RRC TP for proposal 3
	–	RACH-ConfigDedicated

	CFRA field descriptions

	msg1-RepetitionNum
Indicates the MSG1 repetition number used for contention free 4-step random access type in TS 38.321 [3]. If this field is absent, the UE performs contention free 4-step random access without MSG1-Repetitions.

	occasions
RA occasions for contention free random access. If the field is absent, the UE uses the RA occasions configured in RACH-ConfigCommon in the first active UL BWP.

	ra-ssb-OccasionMaskIndex
Explicitly signalled PRACH Mask Index for RA Resource selection in TS 38.321 [3]. The mask is valid for all SSB resources signalled in ssb-ResourceList. If msg1-RepetitionNum is present, this field is set to 0.

	rach-ConfigGeneric
Configuration of contention free random access occasions for CFRA. The UE shall ignore preambleReceivedTargetPower, preambleTransMax, powerRampingStep, ra-ResponseWindow signaled within this field and use the corresponding values provided in RACH-ConfigCommon.

	ssb-perRACH-Occasion
Number of SSBs per RACH occasion.

	totalNumberOfRA-Preambles
Total number of preambles used for contention free random access in the RACH resources defined in CFRA, excluding preambles used for other purposes (e.g. for SI request). If the field is absent but the field occasions is present, the UE may assume all the 64 preambles are for RA. The setting should be consistent with the setting of ssb-perRACH-Occasion, if present, i.e. it should be a multiple of the number of SSBs per RACH occasion.
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