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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#121bis-e meeting, preliminary agreements on MSG1 repetition were agreed [1]. In this document, we continue to discuss the CP issues for MSG1 repetition.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Discussion
2.1	Feature combining
In RAN2#121bis-e meeting, it was agreed that:
	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)

	Agreements
· General assumption is that various feature combinations can be configured (which is up to network implementation), unless explicitly specified otherwise


In our understanding, feature of different MSG1 repetition number, e.g., feature of MSG1 repetition number 2 and feature of MSG1 repetition number 4, cannot be combined. Otherwise, there may some unexpected issues. For example, when the UE selects the MSG1 repetition number based on the RSRP threshold, there may be misunderstanding between UE and gNB on when to start RAR window, considering RAR window is started after the last symbol of the last valid RO in the RO group corresponding to the multiple PRACH transmissions. Because the network can detect the Msg1 successfully based on Msg1 repetition number 2, but the UE has used Msg1 repetition 4, actually. 
Hence, it is proposed that:
[bookmark: _Toc134690232]Proposal 1: RAN2 clarifies that MSG1 repetition of different repetition number can’t be combined as one feature combination.
2.2	IE structure for feature of MSG1 repetition 
In Rel-17, one IE FeatureCombination was defined. And the following features are included in FeatureCombination [2].
FeatureCombination-r17 ::= SEQUENCE {
    redCap-r17                 ENUMERATED {true}                   OPTIONAL,  -- Need R
    smallData-r17              ENUMERATED {true}                   OPTIONAL,  -- Need R
    nsag-r17                   NSAG-List-r17                       OPTIONAL,  -- Need R
    msg3-Repetitions-r17       ENUMERATED {true}                   OPTIONAL,  -- Need R
    spare4                     ENUMERATED {true}                   OPTIONAL,  -- Need R
    spare3                     ENUMERATED {true}                   OPTIONAL,  -- Need R
    spare2                     ENUMERATED {true}                   OPTIONAL,  -- Need R
    spare1                     ENUMERATED {true}                   OPTIONAL   -- Need R
}
So, the spare bits left for future extension is quite limited. And In RAN2#112bis-e meeting, it was agreed that:
	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)


Based on the agreements, different repetition number {2, 4, 8} will be treated as a separate feature. There may be three options addressing how to associate different MSG1 repetition number to different RACH configurations.
Option 1: Using the spare bits in FeatureCombination indicating MSG1 repetition number.
It is straightforward is to use the spare bit indicating the MSG1 repetition number. One example is shown below:




FeatureCombination-r17 ::= SEQUENCE {
    redCap-r17                 ENUMERATED {true}                   OPTIONAL,  -- Need R
    smallData-r17              ENUMERATED {true}                   OPTIONAL,  -- Need R
    nsag-r17                   NSAG-List-r17                       OPTIONAL,  -- Need R
    msg3-Repetitions-r17       ENUMERATED {true}                   OPTIONAL,  -- Need R
    msg1-RepetitionNumber2-r18 ENUMERATED {true}                   OPTIONAL,  -- Need R
    msg1-RepetitionNumber4-r18 ENUMERATED {true}                   OPTIONAL,  -- Need R
    msg1-RepetitionNumber8-r18 ENUMERATED {true}                   OPTIONAL,  -- Need R
    spare1                     ENUMERATED {true}                   OPTIONAL   -- Need R
}

	FeatureCombination field descriptions

	redCap
If present, this field indicates that RedCap is part of this feature combination.

	smallData
If present, this field indicates that Small Data is part of this feature combination.

	nsag
If present, this field indicates NSAG(s) that are part of this feature combination.

	msg3-Repetitions
If present, this field indicates that signalling of msg3 repetition is part of this feature combination. This field is not configured in a set of preambles that is configured with 2-step random-access type.

	msg1-RepetitionNumber2, msg1-RepetitionNumber4, msg1-RepetitionNumber8
Only one field presents in FeatureCombination, if MSG1 repetition is supported. The field msg1-RepetitionNumber2 indicates the MSG1 repetition number is 2, msg1-RepetitionNumber4 indicates the MSG1 repetition number is 4 and msg1-RepetitionNumber8 indicates the MSG1 repetition number is 8.



In this solution, there is only one spare field left. Obviously, this is not friendly to future extension.




Option 2: Combining one flag in FeatureCombination and MSG1 repetition number in FeatureCombinationPreambles to indicate the MSG1 repetition number.
Another option is to combine the flag in FeatureCombination and Msg1 repetition number in FeatureCombinationPreambles. This is proposed by [3]. And the potential signalling structure is shown below:
[image: ]
Figure 1: Potential signaling structure combining msg1 repetition flag in FeatureCombination and msg1 repetition number in featureCombinationPreambles
In this option, 3 spare fields are left for future extension. But this may impact the current procedure.
Option 3: The UE determine the feature only based on msg1-RepetitionNumber in FeatureCombinationPreambles.
In this option, there is no change to the IE FeatureCombination. And only msg1-RepetitionNumber in FeatureCombinationPreambles is used to indicate the MSG1 repetition number. Therefore, 4 spare fields are all left.


Considering the Pros and Cons of these three options, it is proposed that:
[bookmark: _Toc134690233]Proposal 2: RAN2 to down select one option from the three options:
· Option 1: Using spare bits in featureCombination to indicate MSG1 repetition number {2, 4, 8} separately.
· Option 2: Combing one Msg1 repetition flag in featureCombination and MSG1 repetition number in featureCombinationPreambles;
· Option 3: The UE determines the feature only based on msg1-RepetitionNumber in FeatureCombinationPreambles.
2.3	Association with RPACH resources
In order to distinguish whether/which number is used for multiple PRACH transmissions, RAN1 sent LS [4] to RAN2 and confirms the following WA:
	Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, at least support that multiple PRACH are transmitted on separate ROs.
· Note: Separate RO means that the RO is separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.

Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, support that multiple PRACH are transmitted with separate preamble on shared ROs.
· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.


Hence, it has been agreed in RAN1 that either separate ROs or separate preamble on shared ROs will be adopted.
[bookmark: _Toc134690218][bookmark: _Toc131691873]Observation 1: For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, support that:
· multiple PRACH are transmitted with separate preamble on shared ROs;
· multiple PRACH are transmitted on separate ROs.
And in RAN2#121bis-e meeting, it was agreed that:
	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)


Hence, it is proposed that:
[bookmark: _Toc134690234]Proposal 3: Msg1 repetition with different repetition number {2, 4, 8} are and associated with specific PRACH resource, i.e. separate ROs or separate preamble on shared ROs.
Conclusion
In this document, we analyse CP issues for MSG1 repetition, and we find the observations and proposls as following:
Observations:
Observation 1: For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, support that:
·  multiple PRACH are transmitted with separate preamble on shared ROs;
· multiple PRACH are transmitted on separate ROs.
Proposals:
Proposal 1: RAN2 clarifies that MSG1 repetition of different repetition number can’t be combined as one feature combination.
Proposal 2: RAN2 to down select one option from the three options:
· [bookmark: _GoBack]Option 1: Using spare bits in featureCombination to indicate MSG1 repetition number {2, 4, 8} separately.
· Option 2: Combing one Msg1 repetition flag in featureCombination and MSG1 repetition number in featureCombinationPreambles;
· Option 3: The UE determines the feature only based on msg1-RepetitionNumber in FeatureCombinationPreambles.
Proposal 3: Msg1 repetition with different repetition number {2, 4, 8} are associated with specific PRACH resource, i.e. separate ROs or separate preamble on shared ROs.
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