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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In last RAN4 meeting, a WF [1] for multiple concurrent and independent gap patterns was approved. In this paper, we discuss the open issues of the following sub-topics
· Applicability and configuration
· UE capability
· Overlapping
· Overhead
· Measurement requirements
· Others (including impact to other L1 measurements)
· Reply LS to RAN2
2 Applicability and configurations 
The open issues and agreements in [1] are captured below:
	· Issue 2-1-1: Whether concurrent gaps are allowed in the case when only E-UTRAN measurement objectives are configured
· Open issue
· Option 1: Yes
· Option 1a: Yes, provided that UE supports LTE measurement with concurrent MGs, which is up to UE capability
· Option 1b: Yes, under the condition that only one per-UE MG is configured for UE
· Option 2: No
· Issue 2-1-2: Additional limitation when UE is configured with both E-UTRA and NR MOs
· Open issue
· FFS: When UE is configured with both E-UTRA and NR MOs, UE can be configured with concurrent MGs, but all E-UTRA Mos are expected to be associated with one single MG


The 2 issues are regarding whether to allow concurrent gaps in the case when only E-UTRAN MOs are configured, and if so, what limitations would be. In our view, we do not see a strong motivation to add limitation to this scenario and neither the introduction of UE capability. It can be completely left to network to decide how to associate multiple gaps with different E-UTRAN MOs. Network can try to create some imbalanced associations to prioritize the measurement of a certain E-UTRAN MOs, e.g., a prioritized MO can be associated with a measurement gap exclusively, while all the other MOs share the other measurement gap. 
[bookmark: _Ref85360801]Proposal 1: No limitation to concurrent gap in the case when only E-UTRAN measurement objectives are configured. 
3 UE capability related issues 
The open issues and agreements in [1] are captured below:
	· Issue 2-2-2: Max number of concurrent gaps across all FRs for per-FR gap capable UEs (without considering other Wis)
· Agreement
· [bookmark: _Hlk95057450]The maximum number of concurrent gaps across all FRs for per-FR gap capable UEs is 
· for SA case
· FFS for MR-DC case if it is supported


The remaining issue is about the MR-DC case. According to RAN2 LS [2], RAN2 will prioritize NR SA in this WI, which means MR-DC is deprioritized. Therefore, we suggest no further discussion on this issue.
	From RRC signaling design, RAN2 aim to support joint working among Pre-MG, concurrent gaps, and NCSG
For all the 3 objectives in MG enh. WI, RAN2 prioritize the design in NR SA.



[bookmark: _Ref95070819]Proposal 2: No further discussion is needed for the maximum number of concurrent gaps across all FRs for per-FR gap capable UEs in MR-DC case.
4 Overlapping 
The open issues and agreements in [1] are captured below:
	· Issue 2-3-1: X value in proximity condition for overlapping in FR1. 
· Agreement
· Consider as least X=4 in proximity condition for overlapping in FR1
· FFS to introduce X=0 as an optional UE capability
· Issue 2-3-2: X value in proximity condition for overlapping in FR2
· Open issue
· FFS to consider as least X=4 in proximity condition for overlapping in FR2
· FFS to introduce X=0 as an optional UE capability
· Issue 2-3-3: UE behavior during colliding gap occasion
· Open issue
· Option 1: Priority rule 
· UE will only do the measurement w.r.t. the gap with higher priority on all colliding occasions
· The priority can be configurable or fixed
· Option 5: Compromised proposal from moderator
· Introduce gap sharing rule. 
· Request RAN2 to reserve some RRC signaling for different sharing factors. 
· The signalling design may consider the possibility of resuming data scheduling on dropped gaps
· Rel-17 requirements will only consider sharing ratios 0% and 100%. 
· The requirements for other sharing factors are FFS in later releases.  
· Agreement: CRs can be drafted based on Option 1 with the editor’s note: “The detail UE behavior can be revised based on the later RAN4 agreement on UE behavior during colliding gap occasion.”
· Issue 2-3-6: Detail gap sharing ratios (If Option 5 in Issue 2-3-5 is agreed)
· Postpone to next meeting
· Issue 2-3-7: Whether to introduce FO, FPO, PFO, PPO scenarios.
· Open issue
· Option 1: Introduce all scenarios
· Option 2: Only introduce PFO, PPO scenarios 
· Option 3: Only introduce FO, FPO scenarios


[bookmark: _Hlk95057782]Regarding the proximity condition for overlapping, we think it is fine to take X equals 4ms in both FR1 and FR2 for consistency. As for additional value of X (such as 0), we understand the motivation of this proposal is to allow more flexibility in network deployment for advanced UEs. However, we would prefer to consider the advanced UE capability in later releases, if there is no consensus to introduce it in this meeting which is the last meeting for Rel-17.
[bookmark: _Ref91698246]Proposal 3: Two measurement gap occasions are defined as colliding, if the minimal distance between the two gap instances is equal or less to X, where X = 4ms in both FR1 and FR2.
[bookmark: _Ref95070822]Proposal 4: Consider the X=0 in later releases if there is no consensus to introduce it in this meeting.

On UE behaviour during colliding gap occasion, it seems that in Rel-17 Option 1 and Option 5 have no fundamental difference in terms of UE behaviour and RAN4 requirements. The controversial part is about their potential extension in the future. Option 1 brings better forward compatibility when considering more gaps (like MUSIM or NTN gaps) in the later release, while Option 5 provides better potential extension for other sharing ratios which make some overlapping scenarios (e.g., FO) still meaningful. In our view either way has its own advantage and disadvantage. We do not have a very strong view to go with either of them. However, as this is the last Rel-17 core part meeting, it is important to make decision in this meeting.
· If we go with Option 1, we need to inform RAN2 to introduce a priority level for each concurrent gap. E.g., level N stands for the highest priority and level 1 for the lowest priority. RAN4 also needs to decide the number of priority levels to be introduced in Rel-17. Although currently only up to 3 gaps can be configured to UE, for forward compatibility, we would suggest asking RAN2 to define up to 5 levels (1 for the group of all MUSIM gaps and 1 for potential other gap like NTN)
· If we go with Option 5, we need to inform RAN2 about the sharing ratios to be introduced in Rel-17. A very intuitive way is to introduce the ratios which based on the granularity of 25%, which provides the forward compatibility in later release if we want to introduce a gap dropping patterns, e.g., 0000, 0001, … 1111. Therefore, we suggest introducing gap sharing ratios 0%, 25%, 50%, 75% and 100%. 
[bookmark: _Ref95070823]Proposal 5: Make decision on UE behaviour during colliding gap occasion in this meeting. If Option 1 is agreed, inform RAN2 to introduce 5 different priority levels for concurrent gaps for forward compatibility. If Option 5 is agreed, inform RAN2 to introduce gap sharing ratios 0%, 25%, 50%, 75% and 100%. One gap sharing ratio can be defined between the 2 per-UE gaps. Two gap sharing ratios can be configured for FR1 and FR2 gaps, respectively.

One suggestion to the CR drafting is to introduce a definition for dropped gap occasion, e.g., a gap occasion is considered as dropped if it is overlapped by an occasion of another gap pattern with a higher priority level. With this definition of dropped gap, we can easily address issues like resuming data scheduling and Kp calculations.
[bookmark: _Ref95070828]Proposal 6: Introduce the definition for dropped gap occasion in 9.1.2B, e.g., a gap occasion is considered as dropped if it is overlapped by an occasion of another gap pattern with a higher priority level.

As for requirements for FO, FPO, PFO, PPO scenarios, we do not see any need to preclude any scenario under the current gap collision framework. With either Option 1 or Option 5 agreed, FO and FPO may become useless because the low priority gap will never be used. Nevertheless, we still do not see any feasibility issue to introduce FO and FPO. 
[bookmark: _Ref95070829]Proposal 7: No need to preclude any of FO, FPO, PFO, PPO scenarios in the requirements.
5 Overhead 
The open issues and agreements in [1] are captured below:
	· Issue 2-4-1: Whether to define the overhead cap
· Open issue
· Option 1: Yes
· Option 2: No 
· Option 3: Up to UE capability
· Issue 2-4-2: Definition of overhead cap (if agreed in Issue 2-4-1)
· Open issue
· Option 1: The max overhead that UE can support in Rel-15/16
· Option 2: Consider overhead cap with   when configuring multiple MG patterns.
· 
· N : number of multiple MG patterns
· MGLr : MGL of referenced MG
· MGRPr : MGRP of referenced MG
· K is FFS  
· Option 3: When concurrent MGs are configured, the MGRP for each MG cannot be smaller than 40ms


There were 2 camps on whether to define an overhead cap for concurrent gaps. In our view, to reduce UE design complexity, it would be good to preclude some combinations at early stage. So that both network and UE do not need to spend time on those unlikely-deployed combinations. At the same time, we also believe that network will make the best decision in configuring measurement gaps to achieve a good balance between user throughput and mobility performance. To proceed, we suggest adding a new UE capability for overhead cap. 
Regarding the detail rule, our original preference was Option 1, i.e., the baseline UE supports the overhead cap no larger than the max overhead that it can support in Rel-15/16. However, considering other WI like MUSIM may introduce more gaps to be configured to UE. We now think Option 3 has a better forward compatibility. 
[bookmark: _Ref71234002][bookmark: _Ref85360811]Proposal 8: A baseline UE supports MGRP no smaller than 40ms for each concurrent MG.  An advanced UE capability can be added for the UE which does not need this overhead cap.
6 Measurement requirements 
The open issues and agreements in [1] are captured below:
	· Issue 2-5-2: [Outside gap] Kp
· Agreement
· The following is taken a starting point to proceed and is subject to further checking in the next meeting.
· The Kp value for a SSB frequency layer to be measured outside gap is defined as Kp = Ntotal / Navailable
· For a window W of duration max(TSMTC,  MGRP_max), where MGRP max is the maximum MGRP across all configured per-UE MG and per-FR MG within the same FR as the SSB frequency layer, and starting at the beginning of any SMTC occasion: 
· Ntotal is the total number of SMTC occasions within the window, ignoring any overlap with MG occasions within the window, and
· Navailable is the number of SMTC occasions that are not overlapped with any MG occasion within the window W, after accounting for MG collisions by applying the selected gap collision rule.
· FFS: extension to CSI-RS based L3 measurements
· Kp = 1 when Navailable = 0.
· In this case, the SMTC occasions are fully overlapped by MGs and the measurement should be conducted within gap.
· Issue 2-5-3: [Within gap] CSSF 
· Agreement
· The CSSF is calculated separately for each gap pattern, [provided that the association between measurement objects and gap pattern is configured by network.] 
· [Only the measurement objects associated to the same measurement gap pattern are counted when deriving CSSFwithin_gap,i for a target measurement object with index i.]
· FFS: how the dropped gap occasions will not be used in deriving CSSFwithin_gap,i
· RAN4 can revisit this agreement when the association implemented by RAN2 is clear.
· Issue 2-5-5: [Within gap] Kp
· Agreement
· The following is taken a starting point to proceed and is subject to further checking in the next meeting.
· The Kp value for a SSB frequency layer to be measured within gap is defined as Kp = Ntotal / Navailable
· For a window W of duration max(TSMTC,  MGRP_max), where MGRP max is the maximum MGRP across all configured per-UE MG and per-FR MG within the same FR as the SSB frequency layer, and starting at the beginning of any associated gap occasions covering the SMTC occasion: 
· Ntotal is the total number of associated gap occasions covering SMTC occasions within the window, ignoring any overlap with other MG occasions within the window, and
· Navailable is the number of associated gap occasions covering SMTC occasions that are not overlapped with any other MG occasion within the window W, after accounting for MG collisions by applying the selected gap collision rule.
· Requirements do not apply if Navailable =0
· FFS: extension to CSI-RS based L3 measurements


On Kp for outside gap and Kgap for within gap, the agreements in last meeting are good starting point for further wording refinement. According to the discussion in last meeting, we can revise the agreement in the following directions:
· Add a condition about when to fallback to single gap case. 
· As commented by several companies, it is desirable to keep the legacy requirement unchanged. We are fine to go with this direction. 
· In the calculation of Ntotal, the sentence “ignoring any overlap with other MG occasions within the window” can be replaced by “, including those overlapped with other MG occasions within the window”
· The calculation of Navailable, the sentence “after accounting for MG collisions by applying the selected gap collision rule” can be replaced by “an SMTC occasion is only considered as overlapped by gap, if the gap is not dropped.” 
· For Kgap, Navailable is the number of non-dropped associated gap occasions covering SMTC occasions.
We can handle these wording changes in the CR revisions, or we can still focus on the technical aspects in this meeting and work on the editorial wording alignment in May meeting.
Regarding CSSF within gap, the issue is about how to handle the dropped gap occasions. In our understanding, the gap occasions shall not be considered in the CSSF calculation if it is dropped according to the priority rule. The endorsed CR [2] already provides a very good example to address it. Therefore, we do not see an issue here anymore. 
	In case of collision between concurrent measurement gaps, some measurement gap occasions may be dropped according to clause [9.1.2B.x]. The dropped gap occasions will not be used in deriving CSSFwithin_gap,i.



One issue which does not have sufficient time for further discussion is the Kgap_EUTRA for LTE measurement delay requirements. Kgap_EUTRA can modified from Kgap for within gap with some modifications. The only difference between these 2 requirements is that LTE measurement does not rely on the SMTC occasions. In other words, UE can measure LTE frequency layers on every non-dropped gap occasions. With this in mind, we propose the following definition of Kgap_EUTRA with changes in blue.
· The Kgap_EUTRA value for an EUTRA frequency layer to be measured within gap is defined as Kgap_EUTRA = Ntotal / Navailable
· For a window W of duration MGRP_max, where MGRP max is the maximum MGRP across all configured per-UE MG and per-FR MG within FR1, and starting at the beginning of any associated gap occasions: 
· Ntotal is the total number of associated gap occasions within the window, including those overlapped with other MG occasions within the window, and
· Navailable is the number of non-dropped associated gap occasions.
· Requirements do not apply if Navailable =0
[bookmark: _Ref95070832]Proposal 9: The Kgap_EUTRA value for an EUTRA frequency layer to be measured within gap is defined as Kgap_EUTRA = Ntotal / Navailable
· For a window W of duration MGRP_max, where MGRP_max is the maximum MGRP across all configured per-UE MG and per-FR MG within FR1, and starting at the beginning of any associated gap occasions: 
· Ntotal is the total number of associated gap occasions within the window, including those overlapped with other MG occasions within the window, and
· Navailable is the number of non-dropped associated gap occasions.
· Requirements do not apply if Navailable =0 
7 Impact to other L1 measurements
The open issues and agreements in [1] are captured below:
	· Issue 2-6-1: P factor of L1 measurement 
· Agreement
· The following is taken a starting point to proceed and is subject to further checking in the next meeting.
· The P value for a L1 resource to be measured is defined as 
· Ntotal / Navailable in FR1
· Psharing * Ntotal / Noutside_MG in FR2 with Navailable = 0
· Ntotal / Navailable in FR2 with Navailable > 0
· For a window W of duration max(TL1,  MGRP_max), where MGRP max is the maximum MGRP across all configured per-UE MG and per-FR MG within the same FR as serving cell, and starting at the beginning of any gap occasions covering the L1 resource occasion: 
· Ntotal is the total number of L1 resource occasions within the window, ignoring any overlap with MG occasions or SMTC occasions within the window, and
· Noutside_MG is the number of L1 resource occasions that are not overlapped with any MG occasion within the window W, after accounting for MG collisions by applying the selected gap collision rule.
· Navailable is the number of L1 resource occasions that are not overlapped with any MG occasion nor any SMTC occasion within the window W, after accounting for MG collisions by applying the selected gap collision rule.
· TL1 is periodicity of the target L1 RS.


Regarding L1 measurements, the agreed WF also provide a good starting point for further wording refinement. The suggestions to Kp can also be applicable here. One error we found in the previous WF is that Navailable should be changed to Noutside_MG. We will submit a separate CR [4] to revise it. 
8 Conclusion
In the contribution, we discuss the issues for concurrent gap as well as the reply to RAN2 LS [3]. We have the following proposals:
Proposal 1: No limitation to concurrent gap in the case when only E-UTRAN measurement objectives are configured.
Proposal 2: No further discussion is needed for the maximum number of concurrent gaps across all FRs for per-FR gap capable UEs in MR-DC case.
Proposal 3: Two measurement gap occasions are defined as colliding, if the minimal distance between the two gap instances is equal or less to X, where X = 4ms in both FR1 and FR2.
Proposal 4: Consider the X=0 in later releases if there is no consensus to introduce it in this meeting.
Proposal 5: Make decision on UE behaviour during colliding gap occasion in this meeting. If Option 1 is agreed, inform RAN2 to introduce 5 different priority levels for concurrent gaps for forward compatibility. If Option 5 is agreed, inform RAN2 to introduce gap sharing ratios 0%, 25%, 50%, 75% and 100%. One gap sharing ratio can be defined between the 2 per-UE gaps. Two gap sharing ratios can be configured for FR1 and FR2 gaps, respectively.
Proposal 6: Introduce the definition for dropped gap occasion in 9.1.2B, e.g., a gap occasion is considered as dropped if it is overlapped by an occasion of another gap pattern with a higher priority level.
Proposal 7: No need to preclude any of FO, FPO, PFO, PPO scenarios in the requirements.
Proposal 8: A baseline UE supports MGRP no smaller than 40ms for each concurrent MG.  An advanced UE capability can be added for the UE which does not need this overhead cap.
Proposal 9: The Kgap_EUTRA value for an EUTRA frequency layer to be measured within gap is defined as Kgap_EUTRA = Ntotal / Navailable
· For a window W of duration MGRP_max, where MGRP_max is the maximum MGRP across all configured per-UE MG and per-FR MG within FR1, and starting at the beginning of any associated gap occasions: 
· Ntotal is the total number of associated gap occasions within the window, including those overlapped with other MG occasions within the window, and
· Navailable is the number of non-dropped associated gap occasions.
· Requirements do not apply if Navailable =0
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