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In this paper, we provide our view on multiple concurrent and independent MG patterns for MG enhancements. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
In the last RAN4 meeting, one WF[1] was made for multiple concurrent and independent MG patterns. Based on the WF, we would like to continue discussing the following issues. 
	· 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

· Issue 2-2-3: Support of indices 11 and 12
· Support the 2 additional combinations (Index 11 and Index 12)
	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

	11
	2
	0
	0
	Supported

	12
	0
	2
	0
	Supported



· Issue 2-2-4: Clarification on gap pattern #24 and #25
· 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
· 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.

· Overlapping issues
· Issue 2-3-1: Proximity condition for overlapping
· 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
· 

· Overhead issues
· 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 

· Issue 2-4-2: how to define overhead cap 
· Open issue
· Option 1: The max overhead that UE can support in Rel-15/16.
· Option 2: 
· N : number of multiple MG patterns
· MGLr : MGL of referenced MG
· MGRPr : MGRP 
· Option 3: When concurrent MGs are configured, the MGRP for each MG cannot be smaller than 40ms
This issue is pending on the conclusion of Issue 5-1




· UE capability related issues  
In the last meeting, some companies proposed the following for simultaneous configuration of per-UE gap and per-FR gap.
· Simultaneous configuring per-UE gap and per-FR gap is only allowed when the per-UE gap is associated with PRS measurement.

According to the current specification, only either per-UE gap or per-FR gap can be configured in the network and used in UE. When network configures both per-UE gap and per-FR gap simultaneously, it is unclear which gap is used on UE side, i.e., either one of them, or both.
If GP#24 and #25 are allowed in per-FR gap for PRS measurement only when multiple concurrent MGs are configured, there is no ambiguity on UE side. However, RAN4 agreed that no change is expected that GP#24 and #25 are only used as per-UE gap in this WI. It can be discussed in a later release.

Proposal 1: Do not define simultaneous configurations of per-UE gap and per-FR gap for UE supporting per-FR gap in Rel-17.
Regarding proposal 1, index #3, #4 and #5 in issue 2-2-5 can be removed. For index #6, considering UE complexity, it is not supported.

· Overlapping issues  
For proximity condition #2 for overlapping, it does not need to split between FR1 and FR2 because processing time related to MG is expected to be the same.

Proposal 2: For minimum distance between two GPs of proximity condition #2, X = 1 or 4ms for both FR1 and FR2.
For UE behavior during colliding gap occasion, it was down-selected into 2 options.
· 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

For option 1, it is our preference and we think data scheduling can be resumed during dropped gap occasions resume scheduling.
· 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
· Data scheduling is resumed during dropped gap occasions

For option 5, it has some drawbacks. One thing is that if the sharing ratio is fixed between 0% and 100%, one MG always stays as being not used. It is not desirable. To use all multiple MGs, the sharing ratios need to be changed with 0% and 100% in the time. Another thing is that for other sharing ratios, it is not clear which gap is dropped. Eventually, UE can not resume scheduling on all gaps even though only one gap among multiple gaps is used. It is not efficient in the scheduling aspect.
Option 5 needs to be updated as follows.
· Option 5: Compromised proposal
· 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 sharing ratios can be configurable or fixed.
· The requirements for other sharing factors are FFS in later releases.  
· Data scheduling is assumed on those dropped gaps
· FFS the impact to other intra-frequency measurements

Proposal 3: Decide one option between the updated 2 options.
· Option 1
· 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
· Data scheduling is resumed during dropped gap occasions

· Option 5: Compromised proposal
· Introduce gap sharing rule. 
· Request RAN2 to reserve some RRC signaling for different sharing factors. 
· The signaling design may consider the possibility of resuming data scheduling on dropped gaps
· Rel-17 requirements will only consider sharing ratios 0% and 100%. 
· The sharing ratios can be configurable or fixed.
· The requirements for other sharing factors are FFS in later releases.  
· Data scheduling is assumed on those dropped gaps
· FFS the impact to other intra-frequency measurements

· Overhead issue  
With multiple MG patterns, the performance degradation can be too big compared to single MG. The overhead cap is needed to guarantee minimum performance. The following can be used as the overhead cap. 

Here, 
· N : number of multiple MG patterns
· MGLr : MGL of referenced MG
· MGRPr : MGRP of referenced MG

The value of threshold (K) needs further discussion with the starting point of 5%. 
Proposal 4: Define overhead cap.
Proposal 4-1 : 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 
Conclusion
In this contribution, we provided our views on multiple concurrent and independent MG patterns for MG enhancements. Proposals are as follows.

Proposal 1: Do not define simultaneous configurations of per-UE gap and per-FR gap for UE supporting per-FR gap in Rel-17.
Proposal 2: For minimum distance between two GPs of proximity condition #2, X = 1 or 4ms for both FR1 and FR2.
Proposal 3: Decide one option between the updated 2 options.
· Option 1
· 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
· Data scheduling is resumed during dropped gap occasions

· Option 5: Compromised proposal
· Introduce gap sharing rule. 
· Request RAN2 to reserve some RRC signaling for different sharing factors. 
· The signaling design may consider the possibility of resuming data scheduling on dropped gaps
· Rel-17 requirements will only consider sharing ratios 0% and 100%. 
· The sharing ratios can be configurable or fixed.
· The requirements for other sharing factors are FFS in later releases.  
· Data scheduling is assumed on those dropped gaps
· FFS the impact to other intra-frequency measurements

Proposal 4: Define overhead cap.
Proposal 4-1 : 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 
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