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1 Introduction
In RAN4#101-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 1-1-2: Whether to ask RAN2 to allow simultaneous configurations of pre-configured gap, concurrent gap and NCSG in RRC signalling design for forward compatibility
· Agreement
· Ask RAN2 to take joint operations (among Pre-MG, NCSG and concurrent gaps) into account in RRC signalling design for forward compatibility.
· Detail wording to be discussed in the LS draft.
Issue 2-1-2: Whether PRS measurement for positioning can only be exclusively associated with only one of the instance of multiple gaps at least for R17
· Agreement
· PRS measurement for positioning including all positioning frequency layers is associated with only one of the concurrent gaps 
· It is up to network whether to associate a concurrent gap only to PRS measurement
Issue 2-1-3: Whether to support 2G/3G measurement with concurrent gap 
· Agreement
· RAN4 to focus on NR and EUTRAN measurement requirements with concurrent gaps before considering 2G/3G. 
· It is up to RAN2 to decide whether to support gap association to 2G/3G from signalling perspective
· Note: The understanding of “2G/3G is not supported with concurrent gap” is that UE expects network to configure only one MG if any 2G/3G measurements are configured, regardless whether NR or EUTRAN measurements are configured.
Issue 2-2-3: Support of indices 11 and 12
· Agreement
· Support the 2 additional combinations (Index 11 and Index 12)
	Index
	# of simultaneous MG

	
	Per-FR1
	Per-FR2
	Per-UE

	11
	2
	0
	0

	12
	0
	2
	0


Issue 2-2-4: Clarification on gap pattern #24 and #25
· Agreement
· It is RAN4’s understanding that GP#24 and #25 are only used as per-UE gap. No change of this conclusion is expected in this WI.
Issue 2-2-5: Clarification on configuration limitations or restrictions regarding the GPs supported by the UE
· Agreement
· Besides the potential outcome of UE capability, applicability of existing MG patterns, and overhead cap discussions, no additional configuration limitations or restrictions regarding which of the GPs supported by the UE that can be configured as concurrent gap.
Issue 2-5-1: Whether to additionally consider the limitation that each reference signal can only be measured in one MG pattern
· Agreement
· Measurements for different frequency layers but with the same reference signal can be associated to different concurrent MGs
Issue 2-5-2: CSSF calculation
· Agreement
· CSSF should be calculated separately for each gap and only the frequency layers sharing this gap should be counted in 
· Note: how to deal with overlapping concurrent MGs is up to Sub-topic 2-3
Issue 2-6-1: How to capture the impact on L1 measurements due to concurrent gap
· Agreement 
· Take Rel-15 principle as a starting point, e.g.,
· L1 measurements are only expected to be performed outside gap.
· In FR1, L3 and L1 measurements can be performed at the same time.
· In FR2, L3 and L1 measurements are not expected to be perform at the same time.
· FFS how to specify the impact of concurrent gap on L1 measurement period in a generic manner.
Issue 2-7-1: Whether to introduce a transition period for gap configuration/deconfiguration
· Agreement
· Do not introduce a transition period for gap configuration/de-configuration


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 2: No
· Option 3: No need to further discuss
· Option 4: Yes, provided that UE supports LTE measurement with concurrent MGs, which is Up to UE capability
· Companies are encourage to provide reasons for the benefits or difficulty to support this configuration


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 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. 
Proposal 1: Concurrent gaps are allowed in the case when only non-NR RAT measurement objectives are configured. 
2.2 UE capability related issues
	Issue 2-2-1: Whether to allow simultaneous configuration of per-UE gap and per-FR gap to FR gap capable UEs
· Open issue
· FFS the use case of simultaneous configuring per-UE gap and per-FR gap. Consider the identified use cases to make decision in RAN4#101b-e meeting.
Issue 2-2-2: Max number of concurrent gap across all FRs for per-FR gap capable Ues (without considering MU-SIM and NTN)
· Open issue
· Option 1: 3
· Option 2: 4
· Option 3: Up to UE capability


This issue has been discussed for several meetings and there are still the following combinations not agreed whether to support. 
	Index
	# of simultaneous MG
	RAN4 conclusion

	
	Per-FR1
	Per-FR2
	Per-UE
	

	3
	1
	0
	1
	FFS

	4
	0
	1
	1
	FFS

	5
	1
	1
	1
	FFS

	6
	2
	2
	0
	FFS


Based on the principle of legacy gap configuration, the per-FR gap (FR1 gap or FR2 gap) cannot be configured with per-UE gap simultaneously. And technically speaking, when per-FR gap is supported, UE can receive and transmit in each FR independently, so it is not necessary to configure per-UE gap. But in previous 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, the combination of per-UE gap and per-FR gap need to be supported i.e. index 3, 4 and 5 in above table need to be supported. If we have supported per-UE gap for PRS measurement and per-FR gap already, there is no need to further restrict the combination of per-UE gap for RRM measurement and per-FR gap.
Since one per-UE gap is equivalent to configuring per-FR1 gap and per FR2 gap simultaneously. Once the configuration in index 5 is supported, index 6 should also be supported. And we also think each FR shall be treated equally for the per-FR gap capable UEs. So since it has been agreed the max number of concurrent gap in each FR is 2, there is no reason to preclude the configuration in index 6. 
Proposal 2: When UE supports per-FR gap, allow simultaneous configuring per-UE gap and per-FR gap. 
Proposal 3: The max number of supported concurrent gaps across all FRs for per-FR gap capable UE is 4. 
Proposal 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
	

	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 2-3-1: Proximity condition for overlapping
· Agreements (from GTW session on Nov 4th)
· Two measurement gap occasions are defined as colliding (overlapping) if at least one of the following conditions apply
· Condition #1: The gaps are physically fully or partially overlapping in time domain
· Condition #2: The gaps are not physically overlapping in time domain but the minimal distance between the two gap instances is equal or less to X
· X = 1 or 4 ms for FR1
· X = [1, 2, or 4] ms for FR2
· FFS if split between FR1/FR2 is needed
Issue 2-3-2: 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
· FFS whether to resume data scheduling during dropped gap occasions
· 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.  
· FFS whether the resume scheduling on those dropped gaps as well as the impact to other intra-frequency measurements
Issue 2-3-3: Company preference on introducing FO, FPO, PFO, PPO scenarios
· Postpone this decision to next meeting


In last meeting, the colliding (overlapping) conditions for concurrent gap is discussed and agreed. The remaining issue is the value of X for condition 2. Our initial preference is only condition 1, but since we are going to have some margin for UE implementation, we prefer 1ms for both FR1 and FR2. 
For the UE behavior during colliding gap occasion, we think the two options are similar. If only consider sharing factor 0% and 100%, it is equivalent to priority rule. Then for the colliding gap occasion, UE only perform measurement within the prioritized gap and the other one is dropped. During the time duration in the dropped gap occasion and not be covered by the prioritized gap, UE can still be scheduled as there is no measurement is performed and no RF retuning occurs in this period.  
For whether to introduce FO, FPO, PFO, PPO scenarios, based on the discussion of issue 2-3-2, 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 5: For colliding (overlapping) condition#2 for concurrent gap, X=1ms for both FR1 and FR2. 
Proposal 6: For UE behavior during colliding gap occasion, support option 5 (i.e. introduce gap sharing rule and only sharing factor 0% and 100% are considered in R17). 
Proposal 7: The data can be scheduled on the non-overlapped part in the dropped gap occasion. 
Proposal 8: Support to introduce FO, FPO, PFO, PPO scenarios. 
2.4 Overhead
	Issue 2-4-1: Whether to define the overhead cap
· Open issue
· Option 1: Yes
· Option 2: No 
· Option 3: Introduce a UE capability for those UE who does not need cap 


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.
Proposal 9: Not to define overhead cap for concurrent gap. 
2.5 Measurement requirements
	Issue 2-5-3: Measurement delay outside gap
· Open issue
· Companies are encouraged to provide proposals on how to modify the measurement delay requirements for concurrent gap
Issue 2-5-4: Measurement delay within gap
· Open issue
· Companies are encouraged to provide proposals on how to modify the measurement delay requirements for concurrent gap


For the measurement delay outside gap, the following cases are considered: 
· Case 1: All SMTC occasions are non-overlapped with any of the 2 MGs, 
· Case 2: All SMTC occasions are fully-overlapped with one of the 2 MGs (including both MGs), 
· Case 3: Some SMTC occasions are non-overlapped with MGs and some are not
For case 1, the current measurement requirements without gap with CSSFoutside_gap,i apply. 
For case 2, if the 2 MGs are fully non-overlapped, the current measurement requirements without gap with CSSFwithin_gap,i apply, the CSSFwithin_gap,i is based on the gap that fully-overlapped with SMTC. 
For case 2, if the 2 MGs are overlapped, the current measurement requirements without gap with CSSFoutside_gap,i apply if SMTC is fully overlapped with the dropped gap, and the current measurement requirements without gap with CSSFwithin_gap,i apply if it is overlapped with the prioritized gap in which the CSSFwithin_gap,i is based on the prioritized gap. 
For case 3, the measurement requirements are based on the number of SMTC occasions that non-overlapped with MG and the number of SMTC occasions that overlapped with MG. 
Proposal 10: For the measurement without gap, the following principles apply: 
· Case 1: All SMTC occasions are non-overlapped with any of the 2 MGs, 
· The current measurement requirements without gap with CSSFoutside_gap,i apply. 
· Case 2: All SMTC occasions are fully-overlapped with one of the 2 MGs (including both MGs), 
· For non-overlapping case of concurrent gap, the current measurement requirements without gap with CSSFwithin_gap,i apply, the CSSFwithin_gap,i is based on the gap that fully-overlapped with SMTC.
· For overlapping case of concurrent gap, the current measurement requirements without gap with CSSFoutside_gap,i apply if SMTC is fully overlapped with the dropped gap, and the current measurement requirements without gap with CSSFwithin_gap,i apply if it is overlapped with the prioritized gap in which the CSSFwithin_gap,i is based on the prioritized gap.
· Case 3: Some SMTC occasions are non-overlapped with MGs and some are not
· The measurement requirements are based on the number of SMTC occasions that non-overlapped with MG and the number of SMTC occasions that overlapped with MG.
For the measurement within gap, the association between MG and the frequency layers is provided. If the concurrent gaps are non-overlapped, the current measurement requirements within gap apply in which the CSSFwithin_gap,i is based on the associated MG. 
Proposal 11: For the measurement within gap, the current measurement requirements within gap apply in which the CSSFwithin_gap,i is based on the associated MG. 
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: When UE supports per-FR gap, allow simultaneous configuring per-UE gap and per-FR gap. 
Proposal 3: The max number of supported concurrent gaps across all FRs for per-FR gap capable UE is 4. 
Proposal 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
	

	3
	1
	0
	1
	Supported

	4
	0
	1
	1
	Supported

	5
	1
	1
	1
	Supported

	6
	2
	2
	0
	Supported


Proposal 5: For colliding (overlapping) condition#2 for concurrent gap, X=1ms for both FR1 and FR2. 
Proposal 6: For UE behavior during colliding gap occasion, support option 5 (i.e. introduce gap sharing rule and only sharing factor 0% and 100% are considered in R17). 
Proposal 7: The data can be scheduled on the non-overlapped part in the dropped gap occasion. 
Proposal 8: Support to introduce FO, FPO, PFO, PPO scenarios. 
Proposal 9: Not to define overhead cap for concurrent gap. 
Proposal 10: For the measurement without gap, the following principles apply: 
· Case 1: All SMTC occasions are non-overlapped with any of the 2 MGs, 
· The current measurement requirements without gap with CSSFoutside_gap,i apply. 
· Case 2: All SMTC occasions are fully-overlapped with one of the 2 MGs (including both MGs), 
· For non-overlapping case of concurrent gap, the current measurement requirements without gap with CSSFwithin_gap,i apply, the CSSFwithin_gap,i is based on the gap that fully-overlapped with SMTC.
· For overlapping case of concurrent gap, the current measurement requirements without gap with CSSFoutside_gap,i apply if SMTC is fully overlapped with the dropped gap, and the current measurement requirements without gap with CSSFwithin_gap,i apply if it is overlapped with the prioritized gap in which the CSSFwithin_gap,i is based on the prioritized gap.
· Case 3: Some SMTC occasions are non-overlapped with MGs and some are not
· The measurement requirements are based on the number of SMTC occasions that non-overlapped with MG and the number of SMTC occasions that overlapped with MG.
Proposal 11: For the measurement within gap, the current measurement requirements within gap apply in which the CSSFwithin_gap,i is based on the associated MG. 
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