3GPP TSG-RAN WG2 Meeting #123bis	R2- 2310606
Xiamen, China, 9th - 13th October, 2023

Title	RA procedure for Msg1 repetition
Source	LG Electronics
Document for	Discussion and Decision
Agenda Item	7.21.3
1 	Introduction	
In RAN2#121bis-e meeting [1], followings are agreed for PRACH repetition:
	Agreements
· Msg1 repetition with different repetition number {2, 4, 8} are treated a separate feature, and a RACH partition is associated with a specific repetition number (Stage 3 details are FFS, e.g. we should not use all the spare values in the current IE)
· RAN2 will not support the fallback from legacy RA to Msg1 repetition and vice versa; Other fall back scenarios are FFS



In RAN2#123 [2], followings are agreed for PRACH repetition:
	Agreements
=> Regarding the framework for Msg1 repetition and whether to support fallback from lower number to higher number, Fallback is supported. All repetitions are treated as a single feature, but within the feature, different repetition numbers are treated as different RACH type. 
=> NW indicates ONE MSG1 repetition number applicable for CFRA MSG1 repetition by RRC for Reconfiguration with sync.


This contribution continues the discussions on RA procedure for PRACH repetition.
2	Discussion
Support of fallback procedure from low repetition number to high repetition number
In RAN2#121bis-e meeting, it is agreed that fallback from legacy RA to Msg1 repetition number is not supported.
	Agreements
· Msg1 repetition with different repetition number {2, 4, 8} are treated a separate feature, and a RACH partition is associated with a specific repetition number (Stage 3 details are FFS, e.g. we should not use all the spare values in the current IE)
· RAN2 will not support the fallback from legacy RA to Msg1 repetition and vice versa; Other fall back scenarios are FFS



However, in the RAN2#123 meeting [2], the RAN2#121bis-e agreement in first bullet was reverted and agreed to treat each repetition number as a separate RA type, rather than a separate RACH partition, in order to support the fallback procedure from the low repetition number to high repetition number. 
	=> Regarding the framework for Msg1 repetition and whether to support fallback from lower number to higher number, Fallback is supported. All repetitions are treated as a single feature, but within the feature, different repetition numbers are treated as different RACH type. 



When the above agreement was made in RAN2#123 meeting, the following option 2.3 was also discussed as one of candidates in [3]. However, this option does not get many support since it causes huge MAC impact on RACH partitioning framework. Finally the above agreement is made after long discussion. 
· Option 2.3: Each repetition number is treated as a separate feature and we define fallback between features.
In our understanding, the main reason and intention for the above agreement to support the fallback procedure is to be aligned with the current RACH partitioning framework as much as possible, i.e., the fallback procedure from low repetition number to high repetition number is supported within the same RACH partition. In this sense, it is agreed that different repetition numbers are treated as another RA type, rather than a separate RACH partition.
On the other hand, in the e-mail discussion [Post123][801][4], the RACH partitioning framework for Msg1 repetition was discussed. For the RACH partition selection for Msg1 repetition, following rapporteur’s observation was discuss in order to deterrmine whether the RSRP is checked during the RACH partition selection. That is, determination of repetition number is mixed with the RACH partition selection procedure.
· Rapp’s observation 6: When selecting the RACH partition, the UE needs to consider both Msg1 repetition feature and UE’s applicable repetition number(s).
In detail, the following RA procedure is proposed as one option for the selection of RACH partition with Msg1 repetition:
· 1) UE determines whether the Msg1 repetition is applicable and the applicable repetition number(s), based on the DL RSRP.
· If the Msg1 repetition with higher repetition number is applicable, the UE considers that Msg1 repetition with lower repetition numbers are also applicable.
· 2) UE determines availability of each RACH partition based on the applicable repetition number(s). In this step, the UE considers followings to determine the availability:
· which repetition number(s) are included for the RACH partition for Msg1 repetition; and
· which repetition number(s) are applicable for RA procedure with the Msg1 repetition feature
· 3) Then, the UE selects the RACH partition among available RACH partition(s)
After above RACH partition selection procedure, in order to determine exact repetition number in the RACH partition having multiple repetition numbers, additional procedure should be defined after RACH partition selection procedure.
As described above, if determination of repetition number is mixed with the RACH partition selection procedure, the repetition number is considered in every step of RACH partitioning framework. That is, each repetition number looks like a separate RACH partition, rather than a separate RA type and this is definitely not aligned with the agreement made in RAN#123 meeting. 
Observation 1. If determination of repetition number is mixed with the RACH partition selection, each repetition number seems like a separate RACH partition, rather than a separate RA type which is not aligned with the agreement made in RAN#123 meeting.

Even if determination of repetition number is considered during RACH partition selection procedure, if a RACH partition with multiple repetition number is selected, anyway there should be an additional step defined to select exact repetition number at the later stage of RACH procedure. In this sense, if determination of repetition number is mixed with the RACH partition selection procedure as described above, the RACH partition framework and the corresponding RA procedure would be very complicated. Thus, we prefer to keep the agreement in RAN#123, i.e., each repetition number is considered as a separated RA type. 
According to the current RA procedure, the RA type (between 4-step RA and 2-step RA) is selected based on DL RSRP only if there is RA resource for both RA types within the selected RACH partition. That is, if there is only one RA type (either 2-step RA or 4-step RA) configured for the selected RACH partition, the RA type is determined without considering DL RSRP.
Similarly, if the Msg1 repetition is considered as a feature and the each repetition number is considered as another kind of RA type, the RACH partition selection procedure and the determination of repetition number would be simplified as follows:
· 1) UE determines whether the Msg1 repetition is applicable, based on the DL RSRP. The RSRP threshold can be newly defined or existing RSRP threshold for lowest repetition number can be reused. 
· 2) UE determines availability of each RACH partition based on the applicability of Msg1 repetition feature. 
· 3) Then, the UE selects the RACH partition among available RACH partition(s)
· 4) After that, if the selected RACH partition contains multiple repetition number, the repetition number is determined based on the DL RSRP.
The only issue to consider the each repetition number as a separate RA type is that the UE may select the RA resource having higher repetition number than required, but several redundant repetitions would not be a big problem and it can be avoided by the network configuration, e.g., by configuring low repetition number for the same partition.
Proposal 1. When UE selects RACH partition, the UE only considers “Msg1 repetition” feature. Then, the repetition number is determined within the selected RACH partition for Msg1 repetition.

If proposal 1 is not agreed, however, i.e., repetition number is considered during the RACH partition selection, the availability of the RACH partition should be determined based on the applicable repetition number and the configured repetition number. According to the e-mail [Post123][801][4], following text proposal is proposed to determine the availability of RACH partition with Msg1 repetition:
	1>	if msg1-Repetitions is set to true for a set of Random Access resources and the set of Random Access resources includes Random Access resources for Msg1 repetition number 2:
2>	consider the set of Random Access resources as not available for the Random Access procedure if Msg1 repetition with repetition number 2 is not applicable.
1>	if msg1-Repetitions is set to true for a set of Random Access resources and the set of Random Access resources includes Random Access resources for Msg1 repetition number 4:
2>	consider the set of Random Access resources as not available for the Random Access procedure if Msg1 repetition with repetition number 4 is not applicable.
1>	if msg1-Repetitions is set to true for a set of Random Access resources and the set of Random Access resources includes Random Access resources for Msg1 repetition number 8:
2>	consider the set of Random Access resources as not available for the Random Access procedure if Msg1 repetition with repetition number 8 is not applicable.


However, given that the availability of the RACH partition is described as a excluding condition, the above text proposal is not correct for the selection of RACH partition for Msg1 repetition. For example, 
· RA procedure: Msg1 repetition with DL RSRP < [rsrp-ThresholdMsg1-Num2], i.e., only Msg1 repetition number 2 is applicable
· RA partition configuration:
· Partition 1: Msg1 repetition (with repetition number 2 + 4)
· Partition 2: legacy partition (i.e. no feature)
Then, Partition 1 [Msg1 repetition (RepNum 2, RepNum 4)] should be selected by the current RA procedure, and the repetition number should be determined within the Partition 1. However, according to the second level 1 bullet of the above text (green highlight above), Partition 1 is determined as not available, since the Partition 1 includes the repetition number 4 while the current RA procedure is not applicable for Msg1 repetition number 4. 
In this sense, the above TP seems inaccurate to determine the availability of RACH partition. Therefore, the availability of the RACH partition should be determined as follows, i.e., “else if” condition should be used:
	1>	if msg1-Repetitions is set to true for a set of Random Access resources; 
2> if the set of Random Access resources includes Random Access resources for Msg1 repetition number 2:
3>	consider the set of Random Access resources as not available for the Random Access procedure if Msg1 repetition with repetition number 2 is not applicable.
2>	else if the set of Random Access resources includes Random Access resources for Msg1 repetition number 4:
3>	consider the set of Random Access resources as not available for the Random Access procedure if Msg1 repetition with repetition number 4 is not applicable.
2>	else (i.e., if the set of Random Access resources only includes Random Access resources for Msg1 repetition number 8):
3>	consider the set of Random Access resources as not available for the Random Access procedure if Msg1 repetition with repetition number 8 is not applicable.



Proposal 2. If proposal 1 is not agreed, adopt the above TP in Annex A to determine the availability of RACH partition.

Fallback from CFRA to CBRA procedure. 
In RAN2#123, it is agreed to configure ONE repetition number for CFRA by ReconfigurationWithSync case:
	=> NW indicates ONE MSG1 repetition number applicable for CFRA MSG1 repetition by RRC for Reconfiguration with sync.




On the other hand, according to the current RA procedure, fallback from CFRA to CBRA procedure may happen for ReconfigurationWithSync case, when the RSRP of SSB (or CSI-RS) is lower than the threshold. Considering that RACH partition selection is performed prior to the fallback case from CFRA and CBRA, it should be discussed on which should be selected for the CFRA with Msg1 repetition for ReconfigurationWithSync case.
Given that fallback from CFRA to CBRA is happened in low channel quality, if the CFRA is initiated with Msg1 repetition, the fallback to CBRA should be performed to CBRA with the same repetition number, if the CBRA resource for Msg1 repetition with the same repetition number is configured. Otherwise, the transmission of RA preamble would be failed, especially if the fallback is performed to CBRA with no Msg1 repetition.
Proposal 3. For the fallback from CFRA with Msg1 repetition to CBRA, if the CBRA resource for the same repetition number is configured, CBRA resource with same repetition number is selected.
If there is no restriction to configure CFRA resource with Msg1 repetition, in some cases, the corresponding CBRA resource with the same repetition number may not be configure. Then, it should be considered whether to allow fallback from CFRA with one repetition number to CBRA with another repetition number, including following cases:
· Case 1: CFRA with repetition 4  CBRA resource for no Msg1 repetition
· Case 2: CFRA with repetition 4  CBRA resource only for repetition 2 (lower repetition number than CFRA case)
· Case 3: CFRA with repetition 4  CBRA resource only for repetition 8 (higher repetition number than CFRA case)
In our view, if the fallback from CFRA with one repetition number to CBRA with another repetition number supported, the RA procedure would be complicated, since it needs to re-initialize the parameter specific to another repetition number. Especially, if the fallback is happened to lower repetition number (i.e., Case 1 or Case 2), the transmission of RA preamble would be failed in the bad channel quality. Therefore, in order to simplify the RA procedure as well as ensure the RA preamble transmission, the configuration of the CFRA with Msg1 repetition should be allowed only if the CBRA resource with the same repetition number is configured.
Proposal 4. CFRA resource with Msg1 repetition can only be configured if the CBRA resource for the same repetition number is configured.
If the Proposal 3 and Proposal 4 are agreed, it implies that following fallback cases are not supported.
· Case A: CFRA with Msg1 repetition   CBRA resource with no Msg1 repetition
· Case B: CFRA with one Msg1 repetition number  CBRA resource with another Msg1 repetition number
Proposal 5. If the CFRA with Msg1 repetition is initiated for ReconfigurationWithSync case, following fallback cases are not supported.
· Case A: CFRA with Msg1 repetition   CBRA resource with no Msg1 repetition
· Case B: CFRA with one Msg1 repetition number  CBRA resource with another Msg1 repetition number
Then, if the CFRA with Msg1 repetition is initiated for ReconfigurationWithSync case, RACH partition for Msg1 repetition with same repetition number should be selected. In detail, for CFRA procedure initiated by ReconfigurationWithSync case, RACH partition is selected as follows for non-RedCap UE:
· If ONE repetition number is indicated in RACH-ConfigDedicated, i.e., for CFRA with Msg1 repetition, RACH partition for Msg1 repetition with same repetition number is selected.
· If repetition number is not indicated in RACH-ConfigDedicated, legacy RACH partition (i.e. not associated with any feature) is selected.
For RedCap UE, same principle can be applied. That is, for CFRA procedure initiated by ReconfigurationWithSync case in RedCap UE, RACH partition is selected as follows:
· If ONE repetition number is indicated in RACH-ConfigDedicated, i.e., for CFRA with Msg1 repetition, 
· If there is one set of Random Access resources available that is configured with RedCap indication and Msg1 repetition with same repetition number, this RACH partition (i.e., RedCap + Msg1 repetition with same repetiution number) is selected
· Otherwise, RACH partition for Msg1 repetition with same repetition number is selected.
· Otherwise, it would be same as legacy procedure, i.e., 
· If there is one set of Random Access resources available that is configured with RedCap indication, this RACH partition (i.e. RedCap partition) is selected
· Otherwise, legacy RACH partition (i.e. not associated with any feature) is selected.
Proposal 6. If the CFRA with Msg1 repetition is initiated for ReconfigurationWithSync case, RACH partition for Msg1 repetition with same repetition number should be selected.
3	Conclusion
In this paper, we discussed our views on RA procedure to support the PRACH repetition. The discussion includes the following observation:
[bookmark: _GoBack]Observation 1. If determination of repetition number is mixed with the RACH partition selection, each repetition number seems like a separate RACH partition, rather than a separate RA type which is not aligned with the agreement made in RAN#123 meeting.
Based on the above observations, followings are proposaled:
Proposal 1. When UE selects RACH partition, the UE only considers “Msg1 repetition” feature. Then, the repetition number is determined within the selected RACH partition for Msg1 repetition.
Proposal 2. If proposal 1 is not agreed, adopt the above TP in Annex A to determine the availability of RACH partition.
Proposal 3. For the fallback from CFRA with Msg1 repetition to CBRA, if the CBRA resource for the same repetition number is configured, CBRA resource with same repetition number is selected.
Proposal 4. CFRA resource with Msg1 repetition can only be configured if the CBRA resource for the same repetition number is configured.
Proposal 5. If the CFRA with Msg1 repetition is initiated for ReconfigurationWithSync case, following fallback cases are not supported.
· Case A: CFRA with Msg1 repetition   CBRA resource with no Msg1 repetition
· Case B: CFRA with one Msg1 repetition number  CBRA resource with another Msg1 repetition number
Proposal 6. If the CFRA with Msg1 repetition is initiated for ReconfigurationWithSync case, RACH partition for Msg1 repetition with same repetition number should be selected.
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Annex A
	[bookmark: _Toc139032238]5.1.1c	Availability of the set of Random Access resources
1>	if msg3-Repetitions is set to true for a set of Random Access resources:
2>	consider the set of Random Access resources as not available for the Random Access procedure if Msg3 repetition is not applicable.
1>	if msg1-Repetitions is set to true for a set of Random Access resources; 
2> if the set of Random Access resources includes Random Access resources for Msg1 repetition number 2:
3>	consider the set of Random Access resources as not available for the Random Access procedure if Msg1 repetition with repetition number 2 is not applicable.
2>	else if the set of Random Access resources includes Random Access resources for Msg1 repetition number 4:
3>	consider the set of Random Access resources as not available for the Random Access procedure if Msg1 repetition with repetition number 4 is not applicable.
2>	else (i.e., if the set of Random Access resources only includes Random Access resources for Msg1 repetition number 8):
3>	consider the set of Random Access resources as not available for the Random Access procedure if Msg1 repetition with repetition number 8 is not applicable.
1>	if a set of Random Access resources is not configured with FeatureCombination:
2>	consider the set of Random Access resources to not associated with any feature.





