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1. Introduction
In this contribution, we discuss control plane issues on PRACH coverage enhancements and provide our considerations.
2. Discussion
[bookmark: OLE_LINK119]2.1 Applicable scenarios
· CBRA & CFRA
[bookmark: OLE_LINK15]In the last RAN2 meeting, the following agreements were achieved:
	Agreements
-  RAN2 assumes that MSG1 repetition can be applicable to all 4-step CBRA procedures (FFS for SI request)
-  CFRA support is FFS


[bookmark: OLE_LINK10][bookmark: OLE_LINK13]For SI request (using CBRA resources, i.e. Msg3-based SI request), whether to support Msg1 repetition is FFS. We think it is beneficial and easy to support Msg1 repetition for CBRA based SI request. Firstly, if the UE supports Msg1 repetition, it can improve the SI request success rate using Msg1 repetition access when the UE locates on the edge of the cell, otherwise, access failure may occur when using single PRACH transmission, which will cause the SI can’t be updated timely, and using old SI may cause unexpected error. Secondly, CBRA for SI request has the similar processing procedure as other CBRA cases, so there is no additional effort to support this case.  
[bookmark: OLE_LINK126][bookmark: OLE_LINK118]Proposal 1: Msg1 repetition can be supported for CBRA for SI request.
[bookmark: OLE_LINK12]For CFRA, whether to support Msg1 repetition is FFS. In current specification, there are the following cases:
[bookmark: OLE_LINK120]- SI request using CFRA resources;
- Beam failure recovery;
[bookmark: OLE_LINK121]- Request by RRC upon synchronous reconfiguration;
- PDCCH order.
As we discussed in [2], we think Msg1 repetition is also useful for CFRA, e.g. to improve the RACH successs rate.
For SI request using CFRA resources (i.e. Msg1-based SI request), since the UE is in RRC_IDLE/ RRC_INACTIVE and may be located in different locations of the cell, the RSRP threshold may be necessary for determining whether to select Msg1 repetition RA or legacy RA. 
For beam failure recovery and synchronous reconfiguration, the network can directly configure specific repetition number in CFRA resources, and optionally configure RSRP threshold(s) used for Msg1 repetition.
For PDCCH order, the network can indicate specific repetition number by DCI to trigger Msg1 repetition..
[bookmark: OLE_LINK14]During last meeting, some company commented whether to support Msg1 repetition for CFRA should be determined by RAN1, however, we think RAN2 is responsible to make decision because most CFRA scenarios are RAN2 defined procedures. If RAN2 confirms the requirements and potential solution, we can consult RAN1 for double checking. Companies may also argue that Msg3/PUSCH repetition is not supported for CFRA, however, for Msg3 repetition, if the network wants, the network can enhance the PUSCH transmission by scheduling multiple UL grants after RAR. But for Msg1 repetition, there is no solution if the network wants to trigger CFRA but also ensure higher RACH success rate (e.g. for handover).
Observation 1: Msg1 repetition is effective to improve the RACH success rate for all CFRA cases.
Proposal 2: Msg1 repetition for CFRA is supported, and the specific scheme can be further discussed.
2.2 RACH configuration
· featureCombination configuration
Regarding RACH configuration for Msg1 repetition, RAN2 made below agreements in RAN2#121bis-e, the general idea is to reuse RACH partitioning framework, this is aligned with the new LS from RAN1 in [3].
	· 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)
· General assumption is that various feature combinations can be configured (which is up to network implementation), unless explicitly specified otherwise


Considering different repetition numbers are treated as a separate feature, we have provided a draft ASN.1 design as below:
FeatureCombination information element
-- ASN1START
-- TAG-FEATURECOMBINATION-START

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-Repetitions-r18spare4       ENUMERATED {true}                        OPTIONAL,  -- Need R
    spare3                     ENUMERATED {true}                        OPTIONAL,  -- Need R
    spare2                     ENUMERATED {true}                        OPTIONAL,  -- Need R
    spare1                     ENUMERATED {true}                        OPTIONAL   -- Need R
}

NSAG-List-r17 ::= SEQUENCE (SIZE (1.. maxSliceInfo-r17)) OF NSAG-ID-r17

-- TAG-FEATURECOMBINATION-STOP
-- ASN1STOP

FeatureCombinationPreambles information element
-- ASN1START
-- TAG-FEATURECOMBINATIONPREAMBLES-START

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
    groupBconfigured-r17                  SEQUENCE {
        ra-SizeGroupA-r17                     ENUMERATED {b56, b144, b208, b256, b282, b480, b640,
                                                        b800, b1000, b72, spare6, spare5,spare4, spare3, spare2, spare1},
        messagePowerOffsetGroupB-r17          ENUMERATED { minusinfinity, dB0, dB5, dB8, dB10, dB12, dB15, dB18},
        numberOfRA-PreamblesGroupA-r17        INTEGER (1..64)
    }                                                                                 OPTIONAL, -- Need R
    separateMsgA-PUSCH-Config-r17         MsgA-PUSCH-Config-r16                                     OPTIONAL, -- Cond MsgAConfigCommon
    msgA-RSRP-Threshold-r17               RSRP-Range                          OPTIONAL, -- Need R
    rsrp-ThresholdSSB-r17                 RSRP-Range                          OPTIONAL, -- Need R
    deltaPreamble-r17                     INTEGER (-1..6)                     OPTIONAL, -- Need R
    ...,
   [[
    msg1-RepetitionNum-r18               ENUMERATED { n2, n4, n8, spare1}   OPTIONAL -- Need R
   ]]
}

-- TAG-FEATURECOMBINATIONPREAMBLES-STOP
-- ASN1STOP

Proposal 3: Introduce msg1-Repetitions-r18 in FeatureCombination-r17 (e.g. replace spare4), and introduce a new field in FeatureCombinationPreambles-r17 to indicate the repetition number (e.g. IE definition is ENUMERATED {n2, n4, n8, spare 1}).
· featurePriorities configuration
Similar to other features, a new feature priority should be introduced for Msg1 repetition. A key issue is whether the priority of different repetition numbers is the same or different. According to the current RRC spec, different features (Note that RAN2 has agreed Msg1 repetition with different repetition numbers are treated as a separate feature) need to be configured with different priorities. But we think there are some differences for Msg1 repetition.
[bookmark: OLE_LINK17]Firstly, if we assume different repetition numbers should be configured different priorities, the reasonable configuration is the higher repetition number has a higher priority. For example, for the following feature combinations, if the UE’s RSRP of the downlink pathloss reference is less than the threshold for repetition number 8, the priority configurations should ensure that feature combination 3 is selected for improving the RA success rate. Therefore, from this perspective, we can simply agree that when multiple feature combinations with different repetition number are met, UE prioritizes feature combination with higher repetition number, instead of defining different priorities for different repetition number. 
- feature combination 1: feature A + Msg1 repetition with repetition number 2
- feature combination 2: feature A + Msg1 repetition with repetition number 4
- feature combination 3: feature A + Msg1 repetition with repetition number 8
[bookmark: OLE_LINK19]Secondly, the legacy priority value can only be configured to 0~7. If we introduce new feature priorities, the maximum priority value should be limited to less than 8 to avoid affecting the legacy priority. Considering the limited priority values and future usage, only defining one feature priority for Msg1 repetition is welcome.
Proposal 4: A single feature priority is configured for Msg 1 repetition, no need to differentiate different repetition numbers.
[bookmark: OLE_LINK16]2.3 RSRP threshold for triggering Msg1 repetition 
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Regarding the principle of triggering Msg1 repetition, RAN1 has made the following agreement in  RAN1#111, that is UE can request Msg1 repetition and determine the number of PRACH transmissions based on RSRP threshold(s) . The design of RSRP threshold(s) is up to RAN2. 
	RAN1#111 agreement
For multiple PRACH transmissions with same Tx beam, at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt.


Issue 1: Whether to configure different RSRP thresholds for different repetition numbers?
During RAN2#121bis-e, some company commented that RAN2 cannot progress on RSRP threshold right now because RAN1 is still discussing other triggering conditions. We checked the discussion in RAN1 as below and found supporting configuration of multiple SSB-RSRP threshold associated with different repetition numbers is a mainstream viewpoint.
	Companies [CATT, Xiaomi, China Telecom, vivo, Spreadtrum, ZTE, InterDigital, Apple, NEC, LG, Intel, Panasonic, Lenovo, MediaTek, NTT DOCOMO, ETRI] propose that the SSB-RSRP thresholds should be associated with the values configured for the number of multiple PRACH transmissions, which indicates SSB-RSRP threshold is configured per the value of multiple PRACH transmissions configured by the gNB. Furthermore, companies [CATT, Xiaomi, China Telecom, NTT DOCOMO] propose that for multiple PRACH transmissions with same beam, at least for the first RACH attempt, only SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions for CBRA.


Observation 2: Based on the discussion in RAN1, a large majority of companies think the SSB-RSRP thresholds should be associated with the values configured for the number of multiple PRACH transmissions.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK20][bookmark: OLE_LINK24][bookmark: OLE_LINK22]From RAN2 perspective, configuring multiple RSRP thresholds for different repetition numbers is reasonable, since the location of UE is related to the msg1 repetition number, considering the success rate of access and RACH resource utilization. For example, the UE with worse RSRP needs more repetition number to ensure the RACH success rate, on the other hand, if the UE locating not far away from cell center uses higher repetition number, it will waste RACH resources. Furthermore, even if RAN1 introduces new triggering conditions in the future, configuration of multiple RSRP thresholds is not conflicting to other potential conditions (if present). 
Proposal 5: RAN2 to agree to configure multiple RSRP thresholds for different repetition numbers. Other triggering conditions can be considered if agreed by RAN1.
· Issue 2: Whether to configure the RSRP thresholds per-BWP or per-featureCombination?
For the RSRP threshold used for Msg1 repetition selection, the other issue is whether it is per-BWP configured or per-featureCombination configured? Based on current specification, the RSRP threshold for requesting Msg3 repetition is configured per-BWP, so after BWP selection, the UE first evaluates the RSRP threshold and then select RACH resource set accordingly. 
Although per-featureCombination brings more flexibility (e.g. to configure different Msg1 repetition RSRP thresholds for RedCap UEs and non-RedCap UEs), we think the motivation is not so strong. Therefore, for Msg1 repetition, we suggest to adopt the same granularity of configuration.
Proposal 6: The RSRP threshold(s) for triggering Msg1 repetition are configured per-BWP.
2.4 UE capability 
Regarding UE capability for Msg1 repetition, RAN1 is now discussing the Rel-18 new feature groups, but so far, RAN1 has no plan to discuss the necessity of UE capability for indicating the support of Msg1 repetition, because RACH is mainly triggered by idle/inactive UEs, from RAN1 perspective, UE capability can only be obtained by the network after RACH completion. In Rel-17, the introduction of Msg3 repetition capability was discussed and determined in RAN2, so for Msg1 repetition, we think RAN2 is the right place for discussing Msg1 repetition capability.
Observation 3: In Rel-17, whether to introduce UE capability for Msg3 repetition was determined by RAN2. So far, RAN1 has no plan to discuss the UE capability for Msg1 repetition, so RAN2 should discuss this issue and make decision.
For UE capability, the following issues should be considered (extracted from [2]).
· Issue1: Whether to introduce UE capability for Msg1 repetition?
[bookmark: OLE_LINK27]Similar to Msg3 repetition, we think reporting UE capability for Msg1 repetition is needed for SON/MDT purpose. The network can monitor the performance of Msg1 repetition and further optimize RACH configurations based on the information of collected UE capabilities. In addition, the UE capability can also be used in configuring the RACH resources in dedicated BWP.
Proposal 7: From RAN2 perspective, UE capability for Msg1 repetition is needed.
· Issue2: Whether to introduce separate UE capabilities for different repetition numbers?
[bookmark: OLE_LINK9]From RAN2 perspective, we think it is unnecessary to introduce separate capabilities for different repetition numbers. Otherwise, it will cause market fragmentation and bring complexity to commercial configuration. For example, based on the cell coverage, the network may want to configure a RACH partition for “RedCap +Msg1 repetition 4”, but if some RedCap UEs only support repetition number 2 and some RedCap UEs only support repetition number 4 or 8, then the network will be forced to configure multiple RACH partitions for covering different UE types, e.g. “RedCap + Msg1 repetition 2”, “RedCap +Msg1 repetition 4” and “RedCap + Msg1 repetition 8”. This is complex and waste of RACH resources.
So, we haven’t seen clear motivation for introducing separate capabilities for different repetition numbers. For simplicity, we suggest to only introduce a single capability, and the presence of the capability indicates the UE supporting Msg1 repetition with repetition numbers {2, 4, 8}.
Proposal 8: From RAN2 perspective, there is no need to define separate UE capabilities for indicating the support of different Msg1 repetition numbers.
· [bookmark: OLE_LINK28]Issue3: The relation between Msg1 repetition capability and Msg3 repetition capability.
Regarding the relation of Msg1 repetition capability and Msg3 repetition capability, there are the following two understandings.
- Understanding 1: Msg1 repetition and msg3 repetition are independent features. A UE supporting Msg1 repetition may not support Msg3 repetition, vice versa.
[bookmark: OLE_LINK237][bookmark: OLE_LINK238][bookmark: OLE_LINK245]- Understanding 2: A UE supporting Msg1 repetition shall also support Msg3 repetition.
Technically, although Msg1 repetition and Msg3 repetition are designed for the same purpose (i.e. UL coverage enhancement), we don’t see the need to bind them together, it will also increase the UE implementation complexity, as the UE needs to pass the test for both functions in order to declare the support of Msg 1 repetition. 
On the other hand, the network should have the flexibility to enable only one function (not both), so we suggest to define independent capabilities for Msg1 repetition and Msg3 repetition.    
Proposal 9: From RAN2 perspective, UE capabilities for Msg1 repetition and Msg3 repetition are defined independently.
3. Conclusion
Based on the above discussion, we propose the following observations and proposals: 
Observation 1: Msg1 repetition is effective to improve the RACH success rate for all CFRA cases.
Observation 2: Based on the discussion in RAN1, a large majority of companies think the SSB-RSRP thresholds should be associated with the values configured for the number of multiple PRACH transmissions.
Observation 3: In Rel-17, whether to introduce UE capability for Msg3 repetition was determined by RAN2. So far, RAN1 has no plan to discuss the UE capability for Msg1 repetition, so RAN2 should discuss this issue and make decision.
Proposal 1: Msg1 repetition can be supported for CBRA for SI request.
Proposal 2: Msg1 repetition for CFRA is supported, and the specific scheme can be further discussed.
Proposal 3: Introduce msg1-Repetitions-r18 in FeatureCombination-r17 (e.g. replace spare4), and introduce a new field in FeatureCombinationPreambles-r17 to indicate the repetition number (e.g. IE definition is ENUMERATED {n2, n4, n8, spare 1}).
Proposal 4: A single feature priority is configured for Msg 1 repetition, no need to differentiate different repetition numbers.
Proposal 5: RAN2 to agree to configure multiple RSRP thresholds for different repetition numbers. Other triggering conditions can be considered if agreed by RAN1.
Proposal 6: The RSRP threshold(s) for triggering Msg1 repetition are configured per-BWP.
Proposal 7: From RAN2 perspective, UE capability for Msg1 repetition is needed.
Proposal 8: From RAN2 perspective, there is no need to define separate UE capabilities for indicating the support of different Msg1 repetition numbers.
Proposal 9: From RAN2 perspective, UE capabilities for Msg1 repetition and Msg3 repetition are defined independently.
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