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1 Introduction
In RAN4#100-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 below. 
	Issue 1-1: Definition of a common period of time
· Agreement:
· Remove ‘common period of time’ in the definition of concurrent MGs
· RAN4 may revisit the definition in the 2nd phase when Pre-MG is considered jointly or after RAN2 concludes the signal design
Issue 2-1: UE behavior without association between gap and dedicated use cases
· GTW Agreement:
· When concurrent MGs are configured, the association between concurrent MGs and frequency layers (dedicated use case(s)) to be measured shall be RRC configured
· If it is not feasible from RAN2 perspective to ensure that association between concurrent MGs and frequency layers to be measured is always provided, then additional solution can be discussed on how to handle this use case.
Issue 2-3: A gap associated to LTE measurements only 
· Agreement:
· It is feasible that one of the concurrent gaps is purely used for measuring LTE and other gaps are used for other MOs, e.g.,
· One gap is associated with only LTE measurement 
· One gap is associated with other NR measurements.
Issue 2-4: Association between frequency layers and MG 
· Agreement:
· Each frequency layer can be associated with only one MG (leave it for RAN2 on how to implement the association)
· SSB, CSI-RS and PRS are treated as different frequency layers
· One MG can be associated with multiple frequency layers of the same or different use cases, while one frequency layer can only be associated to a single MG.
Issue 2-6: Use case limitation 
· Agreement:
· Any limitation to the use cases should be case-by-case discussed and will only be introduced based on RAN4 consensus.
Issue 6-1: Gap interruption
· Agreement:
· Legacy MG interruption requirements apply, e.g., a slot is considered to be interrupted by gap if it is interrupted by any one of the gaps
· Note: RAN4 may revisit this issue (e.g., gap cancellation to resume data transmission on cancelled gaps) after RAN4 reaches consensus on Issue 4-1
Issue 7-1: UE measurement assumptions for different frequency layers
· Agreement:
· Only one frequency layer is required to be measured in a single gap instance
Issue 8-3: Concurrent gap for MU-SIM 
· Agreement:
· RAN4 to wait for Plenary’s guidance on whether and how to handle the concurrent gap introduced by MU-SIM
Issue 8-4: Joint consideration with pre-MG and NCSG 
· Agreement:
· The issue is postponed to the 2nd phase of this WI.
· note, the outcome can have impact on RAN2 signalling design.


The conclusions related to signalling design have been informed to RAN2 in the LS [2]. But there are still many 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 2-2: Whether to allow concurrent gap in the case when only non-NR RAT measurement objectives are configured
· Open issues
· Option 1: No need to further discuss
· Option 2: Not allowed 
· Option 3: Allowed 
· Option 4: Up to UE capability
· FFS whether 2G/3G should be considered in concurrent MG work.
· Note:
· In this scenario, no NR measurement is configured to UE. 
· LTE measurement includes positioning measurement.
Issue 2-5: Association between PRS measurement and MG 
· Agreement:
· PRS measurement for positioning is [exclusively] associated with only one of the instance of multiple gaps at least for R17
· FFS whether to keep or remove “exclusively”
· How to handle the overlapping with the other gap can be discussed in a separate issue


For the case that only non-NR RAT measurement objectives are configured, we think the concurrent gaps should be allowed. It has been agreed in last 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. 
Proposal 1: Concurrent gaps are allowed in the case when only non-NR RAT measurement objectives are configured. 
As discussed above, based on the current conclusions, the association between use case and multiple gaps should be provided and in which PRS measurement is also included. We think the case that one gap is used for PRS measurement and the other gap is used for RRM measurement is already supported. 
The intention of issue 2-5 is not clear, if it is to add clarification that all positioning frequency layers for a positioning measurement are associated with only one gap pattern, we are fine with it although our first preference is not to add any limitation on the association configuration. But ‘exclusively’ should be removed which means other RRM layers can also be associated with the same gap pattern with PRS measurement. Since we cannot mandatorily require NW to configure a gap exclusively to UE. 
Proposal 2: It is feasible that PRS measurement for positioning is associated with only one of the instance of multiple gaps. 
2.2 UE capability related issues
	Issue 3-1: Whether to allow simultaneous configuring per-UE gap and per-FR gap for per-FR gap capable UEs
· Open issues
· Option 1: No
· Option 2: Yes 
· Option 2a: Simultaneous configuring per-UE gap and per-FR gap is only allowed when the per-UE gap is associated to PRS measurement
· Note: If Option 2 or 2a is agreed, inform RAN2 about the RAN4 decision.
Issue 3-2: Max number of concurrent gap across all FRs for per-FR gap capable UEs
· Open issues
· Option 1: 3
· Option 2: 4 
Issue 3-3: All possible combinations for per-FR gap capable UE
	Index
	# of simultaneous MG
	RAN4 conclusion

	
	Per-FR1
	Per-FR2
	Per-UE
	

	0
	2
	1
	0
	Supported

	1
	1
	2
	0
	Supported

	2
	0
	0
	2
	Supported

	3
	1
	0
	1
	FFS

	4
	0
	1
	1
	FFS

	5
	1
	1
	1
	FFS

	6
	2
	2
	0
	FFS

	7
	0
	0
	1
	Supported

	8
	1
	1
	0
	Supported

	9
	1
	0
	0
	Supported

	10
	0
	1
	0
	Supported





When per-FR gap is supported, UE can receive and transmit in each FR independently, and we think it is not necessary to configure per-UE gap. And from the current R16 higher layer specification [3], it can be seen the per-FR gap (FR1 gap or FR2 gap) cannot be configured with per-UE gap simultaneously. Since the multiple gaps are still selected from the legacy gap pattern, we prefer to follow the existing configuration principle i.e. per-UE gap and per-FR gap are not configured simultaneously. 
But in last meeting, it was agreed in R16 positioning maintenance that R16 PRS based measurements are supported with per-UE gaps only. Since the multiple gaps are still based on R16 gap patterns, to support simultaneous PRS measurement and RRM measurement, we can compromise to option 2. If we have supported per-UE and per-FR gap already, there is no need to further restrict the usage of per-UE gap. 
Proposal 3: When UE supports per-FR gap, allow simultaneous configuring per-UE gap and per-FR gap. 
Issue 3-2 can be discussed together with issue 3-3. Firstly, when only per-FR gaps are configured, as the gap configuration and UE behavior are independently for each FR, we think 2 gaps can be configured for each FR i.e. the max number of supported concurrent gaps across all FRs is 4. 
Secondly, if per-UE and per-FR gap are allowed to be configured simultaneously, the only difference between option 1 and option 2 is whether the configuration index 6 in issue 3-3 can be supported. In our understanding, if configuration index 5 is supported, since per-UE gap is applied for both FRs, it means there are two gaps exists simultaneously in each FR which is the same as configuration 6. So we think if configuration 5 in issue 3-3 is supported, configuration 6 should also be supported. 
Proposal 4: The max number of supported concurrent gaps across all FRs for per-FR gap capable UE is 4. 
Proposal 5: The following combinations of gap configuration for per-FR gap capable UE should be supported: 
	Index
	# of simultaneous MG
	RAN4 conclusion

	
	Per-FR1
	Per-FR2
	Per-UE
	

	3
	1
	0
	1
	Supported

	4
	0
	1
	1
	Supported

	5
	1
	1
	1
	Supported

	6
	2
	2
	0
	Supported


2.3 Overlapping issues
	Issue 4-1: Rule for colliding gap occasions, if one of FO, FPO, PFO, PPO cases is introduced
· Agreement:
· Define a general rule for UE from the following  aspects:
· Gap collision handling on UE’s measurement behavior if it is agreed to define the requirements for any or all of the FO/FPO/PFO/PPO/FNO cases
· Option 1: Define a sharing factor between 2 gaps, e.g., given X% gap sharing, the measurement w.r.t. one gap will share roughly X% of the time, while the other gap shares the remaining
· Option 2: Consider priority when measuring only in one MG in occasions where the two MGs are overlapped. Consider gap sharing if each priority for two MGs is same
· Option 3: Only priority rule, e.g., UE will only do the measurement w.r.t. the gap with higher priority on all colliding occasions.
· Option 4: Per-UE MG takes higher priority than per-FR MG for case2 when two MGs of different types overlap.
· Option 5: Define a priority pattern to indicate which gap will be prioritized within the collision gap instance once proximity condition is met, e.g., NW indicates the priority pattern based on the LCM of two gaps’ MGRPs. The data scheduling is expected during the dropped gap instance.
· Other options not precluded
· the proximity conditions to apply gap collision handling, e.g., a time domain minimal distance [X]ms between the two gap instances
· FFS whether the same gap collision handling can be applied to all of the FO/FPO/PFO/PPO/FNO cases
· If yes, RAN4 can further skip the discussion on issue 4-2,4-3,4-4,4-5,4-6. 
· Note: Focus on UE’s measurement behaviour. The scheduling opportunity (i.e., gap interruption) will be discussed in a separate issue. 


In last meeting, it was agreed to consider gap collision handling and the proximity conditions to apply gap collision handling FO/FPO/PFO/PPO/FNO cases. For the gap collision handling, we think the priority rule and gap sharing factors can be combined i.e. UE follow the defined priority rule of gap patterns to perform measurements and when the priority of two gap patterns are the same, UE will use the defined gap sharing factor to perform measurement in each gap occasion. The details of priority rules and gap sharing factor can be further studied. 
For defining the priority rule, there can be the following approaches: 
· Option 1: Pre-defined in the specification e.g. per-UE gap is prioritized or the gap with longer MGRP is prioritized etc. 
· Option 2: NW indicates the priority rule to UE based on UE capability. 
For gap sharing factor, there can be similar approaches as priority rule definition: 
· Option A: Define a fixed sharing factor between 2 gaps with same priority
· Option B: NW indicates sharing factor based on scenario
Both the priority rule and gap sharing factor are applied for overlapping cases. The proximity conditions should be defined to differentiate overlapping and fully non-overlapping case i.e. when the minimum time distance between two gaps is smaller than [X]ms, the two gaps can be regarded as fully non-overlapping. The time distance between two gaps is defined from the end of the first gap to the start of the second gap. 
Proposal 6: For the gap collision handling, the priority rule and gap sharing factors can be defined jointly i.e. UE follow the defined priority rule of gap patterns to perform measurements and when the priority of two gap patterns are the same, UE will use the defined gap sharing factor to perform measurement in each gap occasion.
Proposal 7: For defining the priority rule, there can be the following approaches: 
· Option 1: Pre-define the priority rule. 
· Option 2: NW indicates the priority rule to UE based on UE capability. 
Proposal 8: For gap sharing factor, there can be the following approaches: 
· Option A: Define a fixed sharing factor between 2 gaps with same priority
· Option B: NW indicates sharing factor based on scenario
Proposal 9: Define the proximity conditions to differentiate overlapping and fully non-overlapping case i.e. when the minimum time distance between two gaps is smaller than [X]ms, the two gaps can be regarded as fully non-overlapping. In which the time distance between two gaps is defined from the end of the first gap to the start of the second gap. 
When the priority rule or gap sharing factor is used, the time duration in the dropped gap and not be covered by the prioritized gap can be scheduled as there is no measurement is performed and no RF retuning occurs in this period. 
Proposal 10: The data can be scheduled on the non-overlapped part in the dropped gap occasion. 
2.4 Overhead
	Issue 5-1: Whether to define an overhead cap for concurrent gaps
· No consensus on defining an overhead cap for concurrent gaps in this meeting
· Open issue
· Option 1: Yes
· Option 2: No
· Option 3: Postponed to 2nd phase
Issue 5-2: How to define the overhead cap, if agreed to be introduced
· This issue is pending on the conclusion of Issue 5-1


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. 
Proposal 11: Not to define overhead cap for concurrent gap. 
2.5 Measurement requirements
	Issue 7-2: UE measurement assumptions for different reference signals
· Open issue:
· FFS whether to additionally consider the limitation that each reference signal can only be measured in one MG pattern
Issue 7-3: CSSF calculation
· Open issue:
· FFS whether CSSF is separately calculated for each MG, e.g., for a particular gap, only the dedicated frequency layers /use cases share this gap should be counted in.


In last meeting, it was agreed that one frequency layer can only be associated to a single MG, and we think this can cover issue 7-2. So there is no need to additionally define that each reference signal can only be measured in one MG pattern. 
In our understanding, for CSSF calculation, only MOs sharing this gap should be counted in. When multiple gap patterns are configured, the association information between frequency layer and gaps is provided and it is possible that the frequency layers to be measured in each gap are different. Some layers will never fall in a certain gap, so they should not be counted in CSSF calculation.  So we think the CSSF should be calculated separately for each gap. 
Proposal 12: No need to additionally define that each reference signal can only be measured in one MG pattern. 
Proposal 13: CSSF should be calculated separately for each gap and only the frequency layers sharing this gap should be counted in. 
2.6 Others
	Issue 8-1: Transition period for gaps configuration/ reconfiguration
· Open issue:
· Option 1: Introduce a transition period for gap configuration/deconfiguration
· After the concurrent gap application time, the measurement will be performed immediately for the MOs which could not be performed within legacy MG but can be within concurrent gaps.
· After concurrent gaps deconfiguration, both NW and UE should have the same understanding on when data will be scheduled on the disabled MG occasions.
· After concurrent gaps deconfiguration application time, data scheduling is expected on the disabled MG’s time occasions
· Option 2: Do not introduce a transition period for gap configuration/deconfiguration
· Option2a: Do not introduce a transition period if it’s agreed the RRC processing time is sufficient for gap configuration/deconfiguration.
Issue 8-5: Starting time of the 2nd phase, e.g., to jointly consider pre-MG, concurrent MG and/or NCSG 
· Background:
· Agreement in WF R4-2104096
· Before RAN4#100b (Q4’21), RAN4 focuses on the functionality and principles needed to support parallel MG patterns without considering pre-configured gap and NCSG.
· Open issue: Decide whether to start the 2nd phase in next meeting.


For the transition period for gaps configuration/ reconfiguration, we think it is not needed since the configuration of each gap is the same as R16 legacy gap. UE and NW behavior should also be the same as that for legacy gap. What we need to discuss is which gap is used when multiple gaps are collided. As long as the rules are decided, UE and NW behavior should be same as that for single gap configuration. So there is no need to define transition period for gap configuration/deconfiguration. 
Proposal 14: Do not introduce a transition period for gap configuration/deconfiguration. 
For joint discussion of pre-MG, concurrent MG and/or NCSG, we think it should be postponed since there are many open issues to be resolved for each single feature. Considering the timeline and the remaining issues so far, we would suggest the joint discussion of pre-MG, concurrent MG and/or NCSG to be postponed to next release. 
Proposal 15: Postpone the joint discussion of pre-MG, concurrent MG and/or NCSG to next release. 
The conclusions about applicability and UE capability should be informed to RAN2 if agreed, so we provide a draft LS in Annex based on the discussions above. 
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: It is feasible that PRS measurement for positioning is associated with only one of the instance of multiple gaps. 
Proposal 3: When UE supports per-FR gap, allow simultaneous configuring per-UE gap and per-FR gap. 
Proposal 4: The max number of supported concurrent gaps across all FRs for per-FR gap capable UE is 4. 
Proposal 5: The following combinations of gap configuration for per-FR gap capable UE should be supported: 
	Index
	# of simultaneous MG
	RAN4 conclusion

	
	Per-FR1
	Per-FR2
	Per-UE
	

	3
	1
	0
	1
	Supported

	4
	0
	1
	1
	Supported

	5
	1
	1
	1
	Supported

	6
	2
	2
	0
	Supported


Proposal 6: For the gap collision handling, the priority rule and gap sharing factors can be defined jointly i.e. UE follow the defined priority rule of gap patterns to perform measurements and when the priority of two gap patterns are the same, UE will use the defined gap sharing factor to perform measurement in each gap occasion.
Proposal 7: For defining the priority rule, there can be the following approaches: 
· Option 1: Pre-define the priority rule. 
· Option 2: NW indicates the priority rule to UE based on UE capability. 
Proposal 8: For gap sharing factor, there can be the following approaches: 
· Option A: Define a fixed sharing factor between 2 gaps with same priority
· Option B: NW indicates sharing factor based on scenario
Proposal 9: Define the proximity conditions to differentiate overlapping and fully non-overlapping case i.e. when the minimum time distance between two gaps is smaller than [X]ms, the two gaps can be regarded as fully non-overlapping. In which the time distance between two gaps is defined from the end of the first gap to the start of the second gap. 
Proposal 10: The data can be scheduled on the non-overlapped part in the dropped gap occasion. 
Proposal 11: Not to define overhead cap for concurrent gap. 
Proposal 12: No need to additionally define that each reference signal can only be measured in one MG pattern. 
Proposal 13: CSSF should be calculated separately for each gap and only the frequency layers sharing this gap should be counted in. 
Proposal 14: Do not introduce a transition period for gap configuration/deconfiguration. 
Proposal 15: Postpone the joint discussion of pre-MG, concurrent MG and/or NCSG to next release. 
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1	Overall description
RAN4 is working on multiple concurrent MG patterns in R17 NR and MR-DC measurement gap enhancements and has sent LS [1] to RAN2/1 about the progress in RAN4#100e meeting. RAN4 further discussed concurrent MG patterns in RAN4#101e meeting and reached the following further agreements: 
	· Concurrent gaps are allowed in the case when only non-NR RAT measurement objectives are configured. 
· It is feasible that PRS measurement for positioning is associated with only one of the instance of multiple gaps. 
· When UE supports per-FR gap, allow simultaneous configuring per-UE gap and per-FR gap. 
· The max number of supported concurrent gaps across all FRs for per-FR gap capable UE is 4. 
· The following combinations of gap configuration for per-FR gap capable UE should be supported: 
	Index
	# of simultaneous MG
	RAN4 conclusion

	
	Per-FR1
	Per-FR2
	Per-UE
	

	0
	2
	1
	0
	Supported

	1
	1
	2
	0
	Supported

	2
	0
	0
	2
	Supported

	3
	1
	0
	1
	Supported

	4
	0
	1
	1
	Supported

	5
	1
	1
	1
	Supported

	6
	2
	2
	0
	Supported

	7
	0
	0
	1
	Supported

	8
	1
	1
	0
	Supported

	9
	1
	0
	0
	Supported

	10
	0
	1
	0
	Supported





The discussion for concurrent gaps design is on-going in RAN4. RAN4 will provide further updates if the conclusions are reached.
RAN4 kindly asks RAN2 to take the above information into account when implementing the signalling support of concurrent MG patterns. 

2	Actions
To RAN WG2 
ACTION: 	RAN4 kindly asks RAN2 to take the above information into account when implementing the signalling support of concurrent MG patterns.  

3	Dates of next TSG RAN WG4 meetings
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]TSG RAN WG4 Meeting #101bis-e		Jan. 17 – 25, 2022		Electronic Meeting
TSG RAN WG4 Meeting #102-e		Feb. 21 – Mar. 3, 2022		Electronic Meeting
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