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Introduction
Joint working of pre-MG, con-MGs and NCSG is discussed in RAN4#104-e, and the outcomes are captured in [1]. Based on [1], the following issues need to be further discussed. 
· Scope and scenario 
· Updates to Rel-17 framework
· Max number of gaps
· Measurement requirements 
In this paper we will provide our views on joint working of pre-MG, con-MGs and NCSG.
Discussion
Scope and scenario 
Pre-MG + NCSG
	Issue 2-1: Whether to define requirements for one Pre-configured MG and one NCSG 
< Way forward >: 
· RAN4 to clarify whether one Pre-configured MG and one NCSG is included in Case 1 and/or Case 2
· FFS to explicitly set the priority of different combinations


This issue was discussed in RAN#97-e, and based on the updated WID [2], the scenarios that NCSG is considered in Case 1 and that Pre-configured MG is considered in Case 2 will be started after RAN#99. 
MR-DC
	Issue 2-3: NR SA and MR-DC 
< Way forward >: 
· FFS whether to deprioritize MR-DC in Rel-18


In our view, MR-DC should be de-prioritized for joint working of pre-MG, con-MGs and NCSG.
The objective is to “Define RRM requirements for UEs configured with a combination of pre-configured MGs, and/or multiple concurrent MGs and/or NCSG”. It is noted that pre-MG, con-MG and NCSG are all defined for NR SA only, so the combination between any of them should also be for NR SA only. 
If RAN4 is going to consider MR-DC for joint working of pre-MG, con-MGs and NCSG, each individual feature should be supported under MR-DC firstly. We are open to this scope extension, but it should be de-prioritized compared to the agreed scope of the WI, and should be discussed in RAN first.
Proposal 1: RAN4 to de-prioritize MR-DC for joint working of pre-MG, con-MGs and NCSG.
Legacy MG
	Issue 2-7: Legacy measurement gaps 
< Way forward >: 
· Proponents are encouraged to clarify the proposal “consider legacy MG, Pre-MG, concurrent MG, and NCSG when we discuss joint MG requirements.” in the next meeting. 


Based on discussions in last meeting, the confusion seems to be about the term “legacy MG”. In latest RAN2 spec, there are two ways to configure a MG, one via GapConfig and the other via GapConfig-r17. The MG configured via GapConfig-r17 can be configured with a MG ID and priority, otherwise it has no difference than the MG via GapConfig from RAN4 perspective, as long as preConfigInd-r17 or ncsgInd-r17 is not configured.
To enable better clarity in future RAN4 discussions, we suggest to use the following terms for discussion, and it can be FFS how to capture them into spec.
· Legacy MG: a gap configured via GapConfig
· Con-MG: a gap configured via GapConfig-r17 without preConfigInd-r17 or ncsgInd-r17   
In last RAN4 meeting it was agreed to support the configuration where one MG is configured via GapConfig and the other via GapConfig-r17, provided that the two MGs do not collide with each other. We suggest to also consider legacy MG for joint working of pre-MG, con-MGs and NCSG, since there seems to be no clear reason to exclude a configuration already supported in Rel-17.
Proposal 2: RAN4 to use the following terms for discussion (FFS how to capture them into spec)
· Legacy MG: a gap configured via GapConfig
· Con-MG: a gap configured via GapConfig-r17 without preConfigInd-r17 or ncsgInd-r17 
Proposal 3: RAN4 to consider also legacy MG for joint working of pre-MG, con-MGs and NCSG.
ePOS MG
	Issue 2-8: Positioning measurement gaps 
< Agreement >: 
· Rel-17 MGE Pre-MG for RRC-based POS is in the scope of this WI
< Way forward >: 
· FFS Rel-17 MAC-CE based ePOS gap is in or out of scope of this WI


This issue was discussed in RAN#97-e, and based on discussion, the common understanding is that ePOS gap does not belong to any of the pre-MG, con-MG or NCSG in the first objective of the WI, so it is out of scope of the current WI by definition. 
Updates to Rel-17 framework
Pre-MG
	Issue 2-9: Which Rel-17 Pre-MG principle(s) should be revisited 
< Way forward >: 
· FFS: For UE autonomous mechanism, only the measurements associated to the concerned pre-MG are used for the rule checking
· FFS: For Network-controlled mechanism, only the bits corresponding to the concerned pre-MG are used for determining the status
· FFS whether to consider the other potential enhancement


We support the first two bullets.
· For rule based activation and deactivation, in Rel-17 all the measurements are considered for determining the pre-MG status. When combined with con-MG, a pre-MG will not be used for all the configured measurements, but only those associated with it. Therefore, only the measurements associated to the concerned pre-MG should be used for the rule checking.
· For signaling based activation and deactivation, RAN2 has already considered the joint working between pre-MG and con-MG in Rel-17. As highlighted, UE should only use the bit corresponding to the concerned pre-MG for determining its status. If UE is configured with CA, pre-MG status for each active BWP or deactivated SCC will each include a bitmap, and UE should simply combine the bits from all the serving cells corresponding to the concerned pre-MG.
BWP-DownlinkDedicated ::=           SEQUENCE {
    pdcch-Config                        SetupRelease { PDCCH-Config }                                     OPTIONAL,   -- Need M
    pdsch-Config                        SetupRelease { PDSCH-Config }                                     OPTIONAL,   -- Need M
    sps-Config                          SetupRelease { SPS-Config }                                       OPTIONAL,   -- Need M
    radioLinkMonitoringConfig           SetupRelease { RadioLinkMonitoringConfig }                        OPTIONAL,   -- Need M
    ...,
    [[
    sps-ConfigToAddModList-r16          SPS-ConfigToAddModList-r16                                        OPTIONAL,   -- Need N
    sps-ConfigToReleaseList-r16         SPS-ConfigToReleaseList-r16                                       OPTIONAL,   -- Need N
    sps-ConfigDeactivationStateList-r16 SPS-ConfigDeactivationStateList-r16                               OPTIONAL,   -- Need R
    beamFailureRecoverySCellConfig-r16  SetupRelease {BeamFailureRecoveryRSConfig-r16}                    OPTIONAL,   -- Cond SCellOnly
    sl-PDCCH-Config-r16                 SetupRelease { PDCCH-Config }                                     OPTIONAL,   -- Need M
    sl-V2X-PDCCH-Config-r16             SetupRelease { PDCCH-Config }                                     OPTIONAL    -- Need M
    ]],
    [[
    preConfGapStatus-r17                BIT STRING (SIZE (maxNrofGapId-r17))                              OPTIONAL,   -- Cond PreConfigMG
    beamFailureRecoverySpCellConfig-r17 SetupRelease { BeamFailureRecoveryRSConfig-r16}                   OPTIONAL,   -- Cond SpCellOnly
    harq-FeedbackEnablingforSPSactive-r17 BOOLEAN                                                         OPTIONAL,   -- Need R
    cfr-ConfigMulticast-r17             SetupRelease { CFR-ConfigMulticast-r17 }                          OPTIONAL,   -- Need M
    dl-PPW-PreConfigToAddModList-r17    DL-PPW-PreConfigToAddModList-r17                                  OPTIONAL,   -- Need N
    dl-PPW-PreConfigToReleaseList-r17   DL-PPW-PreConfigToReleaseList-r17                                 OPTIONAL,   -- Need N
    nonCellDefiningSSB-r17              NonCellDefiningSSB-r17                                            OPTIONAL,   -- Need R
    servingCellMO-r17                   MeasObjectId                                                  OPTIONAL -- Cond MeasObject-NCDSSB
    ]]
}
	preConfGapStatus
[bookmark: _Hlk101786150]Indicates whether the pre-configured measurement gaps (i.e. the gaps configured with preConfigInd) are activated or deactivated upon the switch to this BWP. If this field is configured, the UE shall apply network-controlled mechanism for activation and deactivation of the pre-configured measurement gaps, otherwise the UE shall apply the autonomous activation/deactivation mechanism, as specified in TS 38.133 [14]. The first/leftmost bit corresponds to the measurement gap with gap ID 1, the second bit corresponds to measurement gap with gap ID 2, and so on. Value 0 indicates that the corresponding pre-configured measurement gap is deactivated while value 1 indicates that the corresponding pre-configured measurement gap is activated. The UE shall ignore the bit if the corresponding measurement gap is not a pre-configured measurement gap.


Proposal 4: For pre-MG, Rel-17 (de)activation requirements are re-used with the following clarification.
· For UE autonomous mechanism, only the measurements associated to the concerned pre-MG are used for the rule checking
· For Network-controlled mechanism, only the bits corresponding to the concerned pre-MG are used for determining the status
In last meeting, some companies proposed that UE should de-activate the pre-MG if MG is not required by any intra-frequency measurement, and the remaining inter-frequency measurement should be conducted with another con-MG. In our view, this is an optimization more related to the MO-MG association rather than the (de)activation mechanism, i.e. the association between frequency layers and MGs are changed dynamically based on the proposal.
We do not support this optimization. It can result in inconsistency between NW configuration and UE assumption. Also, it does not work for the scenario with pre-MG + pre-MG, or the RRC signalling based pre-MG (de)activatation. On the other hand, we do not see clear gain compared to NW implementation based solution, i.e. the same technical effect can be achieved if NW configures intra-frequency MOs associated with the pre-MG and inter-frequency MOs with the other con-MG.
Con-MG
	Issue 2-10: Which Rel-17 concurrent gap principle(s) should be revisited 
< Way forward >: 
· FFS which Rel-17 concurrent gap principle(s) should be revisited 


In last meeting, two possible optimizations to the MO-MG association are proposed.
One optimization is for pre-MG, where intra-frequency MOs are implicitly associated to the pre-MG. As discussed in section 2.2.1, we do not support such optimizations. 
Another optimization is for NCSG, where the MO for the deactivated SCell is implicitly associated to an NCSG if no explicitly association is configured. We think the issue addressed by this proposal is valid. In particular, an SCell MO can be configured to be associated to
· Case a: a legacy MG or a con-MG, if this MO requires MG when SCell is activated
· Case b: an NCSG, if this MO requires NCSG when SCell is activated
· Case c: none, if this MO does not requires MG or NCSG when SCell is activated
The problem raised in last meeting is for Case a, and the assumption is that NW configures a legacy MG/con-MG concurrently with an NCSG. The proposal is to implicitly associate the MO to an NCSG when the SCell is deactivated. We agree that the problem can be solved by the proposed solution.
Another problem not discussed last meeting is for Case c and when NW configure two NCSGs concurrently. In this case, it would be unclear which NCSG would be used for the MO when SCell is deactivated. It seems the problem cannot be solved by the proposed solution.
We suggest RAN4 to further study the issue before agreeing on the exact solution.
Proposal 5: RAN4 to further discuss the issue of association of SCell MO in following cases.
· Case a: the MO requires MG when SCell is activated
· Case c: the MO does not requires MG or NCSG when SCell is activated
Max number of gaps
	Issue 2-11: Max # of gaps for Case 1 (Pre-configured MG and multiple concurrent MGs) 
< Agreement >: 
· For the max number of gaps for Case 1 (Pre-configured MG and multiple concurrent MGs), the Rel-17 conclusions will be taken as the baseline.
< Way forward >:
· FFS whether to increase the max number
· FFS whether to introduce new UE capability for # of supported Pre-MG

Issue 2-12: Max # of gaps for Case 2 (NCSG and multiple concurrent MGs) 
< Agreement >: 
· For the max number of gaps for Case 2 (NCSG and multiple concurrent MGs), the Rel-17 conclusions will be taken as the baseline.
< Way forward >:
· FFS whether to increase the max number
· FFS whether to introduce new UE capability for # of supported NCSG


We do not support to increase the max number of gaps.
In our view, MG will have negative impacts to NW capacity and create complexity in NW scheduling. Thus, the use of MG would be limited as much as possible. From UE side, larger number of MGs also means increased complexity. We do not see clear motivation to support more MGs than what is supported in Rel-17 con-MG, which on the other hand, will clearly increase the spec efforts.
We also do not see the need to introduce new UE capability for # of supported pre-MGs or NCSGs. Our assumption is that new UE capability will be introduced for Case 1 and Case 2, and the capable UE should be able to support any number of pre-MGs or NCSGs within the framework of Rel-17 con-MG.
Proposal 6: RAN4 not to increase max number of gaps for Case 1 or Case 2. No new UE capability is defined for # of supported pre-MGs or NCSGs.
Collision handling 
Pre-MG
	Issue 2-14: Required changes for Pre-MG on collision 
< Agreement >: 
· For Case 1 (Pre-configured MG and multiple concurrent MGs), the baseline requirement considers collisions on Pre-MG is only considered when Pre-MG is activated.
< Way forward >: 
· FFS whether Pre-MG priority can be further decided by the associated Mos being measured or other signalling parameters


In last meeting, some companies proposed to support priority of a pre-MG to be based on associated MOs and whether certain MO (e.g. PCell MO) requires MG. We do not support such an optimization. 
In our view, the NW configured priority as defined in Rel-17 is reliable and sufficient. If NW would like to prioritize a certain MO (e.g. PCell MO), it could configure the associated MG as highest priority. We understand that this may not provide full flexibility when NW wants to use more than 2 priorities in a dynamic way, but we believe in most cases NW implementation based solution is sufficient. On the other hand, such dynamic changing of MG priority may create inconsistency between NW and UE, and increase UE complexity.
Proposal 7: RAN4 to stick to the NW configured priority for collision handling in Case 1.
NCSG
	Issue 2-15: Required changes for NCSG on collision 
< Agreement >: 
· When determining if a collision occurs between a NCSG instance and another gap instance, the baseline requirement considers the total NCSG duration, including both the VILs and the ML. 
< Way forward >:
· FFS other potential enhancements regarding spare RF chains, interruption due to collision on RRT, revised proximity condition, … etc.


In last meeting, some companies proposed enhanced requirements for collision handling in Case 2.
One enhancement is to support keeping both of the colliding MGs when one or both of them are NCSG, i.e. none of the colliding MGs will be dropped. The rationale is that measurement with NCSG is based on spare RF chain, so even if two NCSGs are colliding or NCSG is colliding with another MG (legacy MG, con-MG or activated pre-MG), both of these two MGs can be used for measurement.
To discuss the problematic of the proposal, assume two NCSGs are configured, MO for band X are associated to NCSG#1 and MO for band Y are associated to NCSG#2, and the two NCSGs are colliding. It is noted that UE supporting measuring band X and band Y with NCSG means UE supports measurement on band X simultaneously with the reception on the bands of the serving cells, and UE supports measurement on band Y simultaneously with the reception on the bands of the serving cells. However, it does not mean UE can support measuring band X and band Y at the same time (with or without the reception on the bands of the serving cells), so we cannot assume two colliding NCSGs can be used for measurement simultaneously.
Another enhancement is for the proximity condition and the proposal is to shorten the 4ms from Rel-17 to 2ms or 0 when one or both of the colliding MGs are NCSG. We do not see clear difference between MG collision and NCSG collision, i.e. UE still needs time to schedule another measurement with MG/NCSG, so the justification of the proposed enhancement is unclear. 
Based on above analysis, we suggest:
Proposal 8: RAN4 not to consider enhanced requirements for collision handling in Case 2.
Gap sharing rule
	Issue 2-16: general gap collision handling 
< Agreement >: 
· On gap collision handling, take priority rule and overlapping rules from Rel 17 concurrent gaps as the baseline 
< Way forward >:
· FFS whether to consider gap sharing rule


RAN4 has discussed both priority rule and sharing rule in Rel-17 for con-MGs, and the conclusion was to use the priority rule. The considerations were e.g. scalability and efficiency.
In Rel-18, in our view the considerations in Rel-17 con-MG still apply for either Case 1 or Case 2, and as such we do not see clear benefits to adopt sharing rule. We suggest to not to consider gap sharing rule for collision handling unless clear benefits are identified.
Proposal 9: RAN4 not to consider gap sharing rule for collision handling unless clear benefits are identified.
RRM requirements 
Pre-MG (de)activation
	Issue 2-17: Required changes for Pre-MG on related delays 
< Way forward >: 
· FFS whether the measurement requirements with concurrent MGs defined in Rel-17 can be reused except that only activated gaps are considered when defining CSSF
· FFS whether the pre-configured gap activation delay requirements need to be extended, when the activation procedures of multiple pre-configured gaps overlap.


On the second bullet, our view is that the (de)activation of each pre-MG is independent, so the (de)activation of one pre-MG should not impact that for another pre-MG. Therefore, the pre-MG (de)activation delay from Rel-17 is re-used when the (de)activation procedures of multiple pre-MG overlap.
Proposal 10: Pre-MG (de)activation delay from Rel-17 is re-used when the (de)activation procedures of multiple pre-MG overlap.
Measurement delay 
	Issue 2-17: Required changes for Pre-MG on related delays 
< Way forward >: 
· FFS whether the measurement requirements with concurrent MGs defined in Rel-17 can be reused except that only activated gaps are considered when defining CSSF
· FFS whether the pre-configured gap activation delay requirements need to be extended, when the activation procedures of multiple pre-configured gaps overlap.
Issue 2-18: Required changes for NCSG on measurement delay 
< Way forward >: 
·  FFS any change for the NCSG measurement reporting delay requirements is needed


In our view, the first bullet under issue 2-17 is reasonable. When a pre-MG is de-activated, all the measurements associated to it are expected to be performed outside MG, so the CSSF within gap would not apply for that pre-MG. Besides CSSF, the deactivated pre-MG would not impact Kp (for measurements without MG) or Kgap (for measurements performed in another MG). 
On the bullet under issue 2-18, in last meeting some companies proposed to study the definition of collision between NCSG and SMTC because SMTC overlapping with ML of an NCSG occasion should be treated differently from SMTC overlapping with VIL of the NCSG occasion. While we can agree on the technical aspect, we understand that the same issue already exists in Rel-17, i.e. when a single NCSG is configured, for the measurements that requires NCSG, the requirements apply provided that the SMTC is overlapped with NCSG, i.e. overlapped with the ML of the NCSG occasions. Therfore, we do not see particular issue to re-use the Rel-17 requirements. 
Proposal 11: Measurement requirements with concurrent MGs defined in Rel-17 can be reused except that only activated gaps are considered when defining CSSF, Kp and Kgap.
Conclusions
In this paper we provided our initial views on joint working of Rel-17 eMG features.
Proposal 1: RAN4 to de-prioritize MR-DC for joint working of pre-MG, con-MGs and NCSG.
Proposal 2: RAN4 to use the following terms for discussion (FFS how to capture them into spec)
· Legacy MG: a gap configured via GapConfig
· Con-MG: a gap configured via GapConfig-r17 without preConfigInd-r17 or ncsgInd-r17 
Proposal 3: RAN4 to consider also legacy MG for joint working of pre-MG, con-MGs and NCSG.
Proposal 4: For pre-MG, Rel-17 (de)activation requirements are re-used with the following clarification.
· For UE autonomous mechanism, only the measurements associated to the concerned pre-MG are used for the rule checking
· For Network-controlled mechanism, only the bits corresponding to the concerned pre-MG are used for determining the status
Proposal 5: RAN4 to further discuss the issue of association of SCell MO in following cases.
· Case a: the MO requires MG when SCell is activated
· Case c: the MO does not requires MG or NCSG when SCell is activated
Proposal 6: RAN4 not to increase max number of gaps for Case 1 or Case 2. No new UE capability is defined for # of supported pre-MGs or NCSGs.
Proposal 7: RAN4 to stick to the NW configured priority for collision handling in Case 1.
Proposal 8: RAN4 not to consider enhanced requirements for collision handling in Case 2.
Proposal 9: RAN4 not to consider gap sharing rule for collision handling unless clear benefits are identified.
Proposal 10: Pre-MG (de)activation delay from Rel-17 is re-used when the (de)activation procedures of multiple pre-MG overlap.
Proposal 11: Measurement requirements with concurrent MGs defined in Rel-17 can be reused except that only activated gaps are considered when defining CSSF, Kp and Kgap.
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