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1 Introduction
In RAN4#101bis-e meeting, the item on multiple concurrent and independent MG patterns was further discussed and some consensuses were reached. The agreements were captured in the approved WF [1] as Annex. 
The conclusions related to signalling design have been informed to RAN2 in the LS [2]. But there are still some issues having no conclusions and the candidate options are also captured in the approved WF [1]. In this paper, we have some further discussions on the remaining issues and give our proposals. 
2 Discussion
2.1 Applicability and configurations
	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


In our understanding, these two issues are discussing the same thing i.e. whether concurrent gaps can be configured when only E-UTRAN measurement is configured. As we commented for several times, we think the concurrent gaps should be allowed. It has been agreed in previous meeting that the association information between gaps and use cases shall be provided when concurrent gaps are configured. As long as this information is provided, there is no ambiguity on the usage of multiple gaps and no limitation is needed. Depending on NW implementation, it is possible to use multiple gaps for only non-NR measurement such as one for RRM measurement and one for positioning measurement. And this doesn’t bring additional efforts on defining requirements thus there is no reason to restrict the NW implementation.  And in our understanding, as long as UE knows the target MO and associated MG configuration, there is no UE implementation issue on performing E-URTAN measurement. 
Proposal 1: Concurrent gaps are allowed in the case when only non-NR RAT measurement objectives are configured. 
2.2 Overlapping issues
	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 2-3-5: Whether to introduce a UE capability to indicate whether UE supports only 0% and 100% gap sharing ratios or UE supports arbitrary configured sharing ratios. (If Option 5 in Issue 2-3-3 is agreed)
· Postpone to next meeting
[bookmark: _Hlk93076517][bookmark: _GoBack]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


For the X value in proximity condition, it was agreed to consider at least 4ms in FR1 and further discuss whether to introduce UE capability for X=0. Since the introduction of proximity condition is considering the UE implementation complexity when the concurrent gaps are close, we think it is fine to introduce X = 0 if UE can handle the close gap occasion. 
For FR2, our first preference is to use the same value as FR1, but considering the smaller RF retuning time in FR2, it will also be OK to use a smaller value e.g. X = 1. 
Proposal 2: Introduce X=0 as an optional UE capability for proximity condition in FR1 and FR2. 
For the UE behavior during colliding gap occasion, we don’t have strong view to use sharing rule or priority rule because if only consider sharing factor 0% and 100%, it is equivalent to priority rule. But in last meeting, the option is updated to introduce other sharing factors and we don’t think it is needed in this release. And based on the discussion in last meeting, when more gaps are introduced, priority rules are easier to implement than sharing rule from indication perspective. So we slightly prefer to use priority rule. 
Regarding whether to introduce FO, FPO, PFO, PPO scenarios, in our understanding, the requirements for all the four overlapping cases are similar. In order not to limit the configuration, we prefer to support and define requirements for the four cases. 
Proposal 3: Use priority rule for the colliding gap occasion. 
Proposal 4: Do not introduce UE capability for supported sharing factor. 
Proposal 5: Support to introduce FO, FPO, PFO, PPO scenarios. 
2.3 Overhead
	Issue 2-4-1: Whether to define the overhead cap
· Open issue
· Option 1: Yes
· Option 2: No 
· Option 3: Up to UE capability 


We think it should be left to NW implementation to decide whether and how to configure concurrent gap according to the measurement request and system throughput. And the overhead is under NW control when the gaps are configured considering data throughput. We don’t think introducing UE capability is reasonable, as this issue is about NW configuration and no technical reason why UE need the cap and why it depends on UE implementation. And also with the proximity condition of collision, the gap interval has been guaranteed, and we think there is no need to further define the overhead. 
Proposal 6: Not to define overhead cap for concurrent gap. 
2.4 Measurement requirements
For the measurement requirements with concurrent gaps, the definition of Kp has been generally agreed in last meeting. And we think the definition of Kp can be extended to CSI-RS based measurement. 
Proposal 7: The definition of Kp agreed for SSB frequency layers can be extended to CSI-RS based measurement. 
3 Summary
In this paper, we have some further discussions on the multiple concurrent and independent gap patterns and the following proposals are given：
Proposal 1: Concurrent gaps are allowed in the case when only non-NR RAT measurement objectives are configured. 
Proposal 2: Introduce X=0 as an optional UE capability for proximity condition in FR1 and FR2. 
Proposal 3: Use priority rule for the colliding gap occasion. 
Proposal 4: Do not introduce UE capability for supported sharing factor. 
Proposal 5: Support to introduce FO, FPO, PFO, PPO scenarios. 
Proposal 6: Not to define overhead cap for concurrent gap. 
Proposal 7: The definition of Kp agreed for SSB frequency layers can be extended to CSI-RS based measurement. 
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5 Annex
The agreements in RAN4#101bis-e meeting: 
	Issue 2-1-3: Supporting concurrent gap in MR-DC scenario
· Agreement
· RAN4 to ask RAN2 to decide whether concurrent MGs is supported in MR-DC scenario
Issue 2-2-1: Whether to allow simultaneous configuration of per-UE gap and per-FR gap to FR gap capable UEs
· Agreement
· UE can be configured with per-UE gap and per-FR gap simultaneously when
· 1) UE is capable of per-FR gap and concurrent gaps, and
· 2) per-UE gap is associated with PRS measurements
· Note: Additional use cases incl. Rel-17 MUSIM and Rel-17 NR NTN Wis are not precluded to be included in future releases.
Issue 2-2-2: Max number of concurrent gap across all FRs for per-FR gap capable Ues (without considering other Wis)
· Agreement
· The maximum number of concurrent gaps across all FRs for per-FR gap capable Ues is 
· 3 for SA case
· FFS for MR-DC case if it is supported
Issue 2-2-3: UE feature list
· Agreement
· Feature group: Concurrent measurement gaps
· Components: 
· Support of more than 1 per-UE measurement gap configurations 
· Support of more than 1 per-FR gap measurement gap configurations in an FR, or simultaneous 1 per-UE measurement gap plus 1 per-FR measurement gap configurations in an FR, or more than 1 per-UE measurement gap configurations for UE capable of Rel-15 per-FR gap (independentGapConfig)
· Note: The above 2 bullets are not 2 separate indications but a single indication with different interpretations, depending on the support of independentGapConfig.
· Consequence if the feature is not supported by the UE: UE cannot be configured with concurrent gaps
· Note: This is the baseline capability is to indicate UE support multiple concurrent gaps.
· Mandatory/Optional: Optional with capability signalling
Issue 2-2-4: UE indication of supported gap combination index
· Agreement
· Do not introduce UE capability indication of supported gap combination index 0 to 5.
	Index
	# of simultaneous MG

	
	Per-FR1
	Per-FR2
	Per-UE

	0
	2
	1
	0

	1
	1
	2
	0

	2
	0
	0
	2

	3
	1
	0
	1

	4
	0
	1
	1

	5
	1
	1
	1


Issue 2-3-4: Whether to resume data scheduling on the dropped gap occasions
· Agreement
· Data scheduling is resumed on the dropped gap occasions
Issue 2-3-8: Whether to introduce UE capability for different overlapping scenarios (FO, FPO, PFO, PPO).
· Agreement
· Do not introduce UE capability for different overlapping scenarios (FO, FPO, PFO, PPO)
Issue 2-5-1: [Outside gap] CSSF 
· Agreement
· The definitions for the applicable measurement types specified in Section 9.1.5.1 for CSSF outside gap can be re-used as a starting point with the modification to consider more than 1 measurement gaps
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 2-5-4: [Within gap] MGRP
· Agreement
· In the delay requirements of measurements within gap, indicate which MGRP to be selected between 2 configured measurement gaps
· 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
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.
Issue 2-7-1: Whether to specify transient UE behavior when concurrent MGs are re-configured
· Agreement
· Do not specify transient UE behavior when concurrent MGs are re-configured
Issue 2-7-2: CR handling in RAN4#101bis-e meeting
· Agreement
· All endorsed CRs are just a start point to move forward and are subject to further checking and revising in the next meeting.
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