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[bookmark: _Toc415085486][bookmark: _Toc503902285]1	Introduction
In RAN1#112 meeting, for the Rel-18 work item Further NR Coverage Enhancement, some agreements were achieved, however there are some FFSes to be studied and discussed. This contribution is to make evaluation and analysis on these open issues and provide our proposals for RAN1 decision.
2		Discussion
In the following, based on the agreements and FFS in RAN1#112 [1], the open issues are investigated and discussed.

2.1 Reuse of R17 FeatureCombination 
	[bookmark: OLE_LINK19][bookmark: _Toc53783607]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. 
· [bookmark: OLE_LINK36]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. 
· [bookmark: OLE_LINK25]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.



[bookmark: OLE_LINK13][bookmark: OLE_LINK22][bookmark: OLE_LINK8][bookmark: OLE_LINK31]According to [2], since Rel-17 a feature combination (FC) can be configured by gNB to include one or more Rel-17 features which require early UE indication by PRACH. New preamble partitions corresponding to the Rel-17 feature combinations can be added in the legacy ROs, and additional ROs can be configured, which are visible to Rel-17 UEs and invisible to earlier UEs. The Rel-17 partitions, together with legacy partitions can be added in the additional ROs, only visible to Rel-17 UEs. By this scheme, partitions of new feature combinations have no impact on legacy UEs.
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
}

FeatureCombinationPreambles-r17 ::=   SEQUENCE {
    featureCombination-r17                FeatureCombination-r17,
    startPreambleForThisPartition-r17     INTEGER (0..63),
    numberOfPreamblesPerSSB-ForThisPartition-r17 INTEGER (1..64),
    ssb-SharedRO-MaskIndex-r17            INTEGER (1..15)                                           OPTIONAL, -- Need S
    ...


[bookmark: OLE_LINK47][bookmark: OLE_LINK49][bookmark: OLE_LINK33][bookmark: OLE_LINK48][bookmark: OLE_LINK32]In our understanding, Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 features, e.g. multiple PRACH transmissions. That means multiple PRACH transmissions as one feature can be added in the feature combination, and the R17 additional ROs configured can be applicable for this feature. For example, the enhancement of FeatureCombination-r17 can be as follows, whatever it is within the work scope of RAN2.
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
    multiple-Prach-Trans-r18   ENUMERATED {true}                                    OPTIONAL,  -- Need R
    spare3                     ENUMERATED {true}                                    OPTIONAL,  -- Need R
    spare2                     ENUMERATED {true}                                    OPTIONAL,  -- Need R
    spare1                     ENUMERATED {true}                                    OPTIONAL   -- Need R
}

[bookmark: OLE_LINK40][bookmark: OLE_LINK34][bookmark: OLE_LINK35]As a result, the additional ROs cannot be visible for legacy UEs, but visible for Rel-18 UEs. The multiple PRACH transmissions could only occur on these additional ROs. And the preambles could be further separated for multiple PRACH transmissions and legacy single PRACH transmission on additional ROs by the configuration of FeatureCombinationPreambles-r17, considering Rel-18 UEs can trigger both multiple PRACH transmissions and legacy PRACH transmission according to the radio signal measurement.
[bookmark: OLE_LINK4]Proposal 1: Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions.

2.2 RAR window and RA-RNTI for Rel-18 PRACH repetition
	Agreement
For multiple PRACH transmissions with same Tx beam, only one RAR window is supported for RAR monitoring for one RACH attempt.
· FFS: the start position of the RAR window.
· FFS: RA-RNTI



As discussed in previous meeting, there are two possible options for the start position of RAR window as follows.
· [bookmark: OLE_LINK16]Option 1:  RAR window starts after the end of the first PRACH transmission
· [bookmark: OLE_LINK42]Option 2:  RAR window starts after the end of the last PRACH transmission
Herein, the cons and pros of two alternatives are compared below. 
Pros of Option 1:
· [bookmark: OLE_LINK39]UE could terminate preamble detection earlier, thus the RA delay might be smaller than Option2.
Cons of Option 1:
· The gain might not be obtained based on combination detection for multiple PRACH transmissions.
· [bookmark: OLE_LINK38]The current RA scheme needs to be changed since the UE might transmit the preamble and monitor the RAR simultaneously.
· [bookmark: OLE_LINK41][bookmark: OLE_LINK11]The RAR window would be larger than legacy leading to more UE power consumption.
Pros of Option 2:
· The gain can be obtained based on combination detection for multiple PRACH transmissions.
· The legacy RAR window scheme needs no change.
· The RAR window would be smaller than that of Option 1, as a result less UE power consumption.
[bookmark: OLE_LINK37]Cons of Option 2:
· the RA delay might be larger than Option1 since the gNB needs to receive all the PRACH transmission before sending out RAR.
[bookmark: OLE_LINK5][bookmark: OLE_LINK14][bookmark: OLE_LINK44]Proposal 2: Option 2 is preferred that RAR window starts after the end of the last PRACH transmission.
[bookmark: OLE_LINK24]For option 1, RA_RNTI could only be corresponding to the first PRACH transmission due to the sequential transmissions after first PRACH do not occur when the RAR window starts. Thus UE cannot monitor those RA_RNTIs corresponding to the sequential PRACH transmissions. 
[bookmark: OLE_LINK45]For option 2, RA_RNTI could be corresponding to any one PRACH transmission, e.g. the first, last or any middle one specific.
[bookmark: OLE_LINK6]Proposal 3: If RAR window starts after the end of the last PRACH transmission, RA_RNTI could be corresponding to any one PRACH transmission, and for simplicity, the first or the last valid RO in one RO group.

2.3 [bookmark: OLE_LINK3]Configuration of ‘RO group’
	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


[bookmark: OLE_LINK50][bookmark: OLE_LINK51]As per the above discussion on reuse of R17 framework of feature combination and additional RACH configuration, the ‘RO group’ should be configured within the additional RACH configuration.
According to the agreement of last meeting, “For multiple PRACH transmissions with same Tx beam, gNB can configure one or multiple values for the number of multiple PRACH transmissions.”
[bookmark: OLE_LINK2][bookmark: OLE_LINK112][bookmark: OLE_LINK53]In our view, the number of ROs in one ‘RO group’ should be equal to the largest number of PRACH transmissions supported in the current cell. 
[bookmark: OLE_LINK54][bookmark: OLE_LINK77][bookmark: OLE_LINK57][bookmark: OLE_LINK55]For example, in case {2, 4} PRACH transmissions is configured for one RACH attempt in current cell, there should be at least 4 ROs in one ‘RO group’. In this case, if one UE determines to trigger 2 PRACH transmissions in one RA attempt according to the measured RSRP at one time point, the starting position of 2 PRACH transmissions can be the first RO or third RO in the ‘RO group’ configured by the current cell, if these ROs are valid.


Figure 1:  Example of one RO group for {2,4} PRACH transmissions
[bookmark: OLE_LINK110][bookmark: OLE_LINK109][bookmark: OLE_LINK111][bookmark: OLE_LINK108][bookmark: OLE_LINK107]And during one RA attempt, UE can only trigger multiple PRACH transmissions on the ROs within one ‘RO group’, i.e. not crossing over ‘RO group’. In one ‘RO group’, if some ROs collide with other features, the UE should discard the corresponding PRACH transmissions on such ROs, but not delay.
More detail specification of configuration of ‘RO group’ is up to RAN2.
[bookmark: OLE_LINK7][bookmark: OLE_LINK15]Proposal 4: During one RA attempt, UE can only trigger multiple PRACH transmissions on ROs within one ‘RO group’, i.e. not crossing over more than one ‘RO group’.
Proposal 5: In one ‘RO group’, the UE should discard the PRACH transmission corresponding to colliding ROs with other features.
Proposal 6: ROs can be shared by different number of PRACH transmissions in one ‘RO group’.
[bookmark: OLE_LINK113]Proposal 7: The number of ROs in one ‘RO group’ should be equal to the largest number of PRACH transmissions supported in the current cell.

3	Conclusions
In this contribution, we discussed the open issues in the last RAN1 meeting and after further evaluation the proposals are provided below,
Proposal 1: Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions.
Proposal 2: Option 2 is preferred that RAR window starts after the end of the last PRACH transmission.
Proposal 3: If RAR window starts after the end of the last PRACH transmission, RA_RNTI could be corresponding to any one PRACH transmission, and for simplicity, the first or the last valid RO in one RO group.
Proposal 4: During one RA attempt, UE can only trigger multiple PRACH transmissions on ROs within one ‘RO group’, i.e. not crossing over more than one ‘RO group’.
Proposal 5: In one ‘RO group’, the UE should discard the PRACH transmission corresponding to colliding ROs with other features.
Proposal 6: ROs can be shared by different number of PRACH transmissions in one ‘RO group’.
Proposal 7: The number of ROs in one ‘RO group’ should be equal to the largest number of PRACH transmissions supported in the current cell.
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