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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
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 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 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



· 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
· Issue 4-2: Whether to define requirement for FO case
· Open issue
· Option 1: Yes
· Option 2a: No
· Option 2b: No in the 1st phase
· Option 2c: No for the same gap type (per UE/FR)
· Issue 4-3: Whether to define requirement for FPO case
· Open issue
· Option 1: Yes
· Option 2a: No
· Option 2b: No in the 1st phase
· Option 2c: No for the same gap type (per UE/FR)
· Issue 4-4: Whether to define requirements for PFO case
· Open issue
· Option 1a: Yes
· Option 1b: Yes, at least for PRS measurement
· Option 2a: No in the 1st phase
· Option 2b: No for the same gap type (per UE/FR)
· Issue 4-5: Whether to define requirement for PPO case
· Open issue
· Option 1a: Yes
· Option 1b: Yes, at least for PRS measurement
· Option 2a: No in the 1st phase
· Option 2b: No for the same gap type (per UE/FR)
· Issue 4-6: Whether to define gap cancelling rule for FNO
· Note: This issue is merged in Issue 6-1

· Overhead issues
· 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





· UE capability related issues  
So far, it was agreed to assume a maximum of 2 MGs for UE not supporting per-FR gap, and a maximum of 2 MGs in a FR for UE supporting per-FR gap as a starting point for defining the requirements related to overlapping, overhead cap, interruption, etc. 

Remaining issues are the maximum number across all FRs and whether to allow simultaneous configuration of per-UE gap and per-FR gap or not.

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 in UE side, i.e., either one of them, or both. It requires additional discussion time. Our preference is to treat both configurations  in Rel-18 regarding the remaining meetings.

That is, Index 3, Index 4 and Index 5 in Table 2.1 need to be postponed to Rel-18.
For maximum number of 4 across all FRs, i.e., whether to allow Index 6 (2 for FR1 and 2 for FR2) needs to check both benefits and UE complexity. 

Table 2.1: 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



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: Decide whether to allow both 2 MGs for FR1 and 2 MGs for FR2 simultaneously after investigating both benefits and UE complexity.

· Overlapping issues  
For FO, FPO, PFO and PPO, some options are listed for gap collision handling. 
Among them, priority on MG should be considered. Because the concurrent multiple MGs are associated with dedicated use cases. Indicating the priority of the MGs can guarantee the measurement of the dedicated use case(s). In addition, the data scheduling during the dropped gap instance can be expected, because network can know which MG is activated or not based on the priority. 
Figure 2.1(a) shows the corresponding example. MG2 has a higher priority than MG1. In that case, MG1 is dropped. As a result, UE is not required to conduct reception/transmission of data during the duration of A but is required to conduct reception/transmission of data during the duration of B. The duration A is MGL of MG2. The duration B is non-overlapped MGL of MG1 from MGL of MG2.
If priority is same, the gap sharing rule can be applied. For gap sharing, a network cannot know which MG among the configured multiple MGs is used in UE side. Figure 2.1(b) shows the corresponding example. In that case, UE is not required to conduct reception/transmission of data during the duration of A. The duration A can be an entire MGL of both MG1 and MG2.


Figure 2.1 Overlapping MGs with different/same priority

If the MGs are overlapped, and each MGRP is same, and different priorities are configured with constant value, then there can be no chance to measure for lower priority MG. 
Figure 2.2(a) shows this example. The priority is assumed to be configured with ‘1’ for MG1 and ‘2’ for MG2. In this case, there is no measurement to be expected with MG1. It is problematic. To solve it, MG2 can be configured with some pattern with lower priority and higher priority than MG1. 
In Figure 2.2(b), the priority of MG2 is configured with ‘2’ and ‘0’. In this case, UE can measure with both MG1 and MG2.
Figure 2.2(c) and Figure 2.2(d) show the case of different MGRP. 
In Figure 2.2(c), the priority is assumed to be configured with ‘1’ for MG1 and ‘2’ for MG2. In this case, there is no measurement to be expected with MG1 during the overlapped duration. However, it is not problematic, because the measurement can be expected with MG1 during the non-overlapped duration.
In Figure 2.2(d), the priority of MG2 is configured with ‘2’ and ‘0’. In this case, UE can measure with both MG1 and MG2 during the overlapped duration.
From Figure 2.2, priority needs to be configured so that any overlapped MG is not precluded during all overlapped duration.




Figure 2.2 Measurement of overlapped MGs with different priority


Proposal 3: Consider priority when measuring only in one MG on occasions where the two MGs are overlapped. 
Proposal 3-1: Consider gap sharing if each priority for two MGs is same. 
Proposal 4: Configure priority considering that any overlapped MG is not precluded during all overlapped duration.

[bookmark: _GoBack]Proposal 5: UE is not required to conduct reception/transmission of data during MGL of MG with high priority if priority between MGs is different in case of overlapped MGs. 
Proposal 6: UE is not required to conduct reception/transmission of data during entire MGLs of multiple MGs if priority between MGs is same in case of overlapped MGs. 
Proposal 7: UE is required to conduct reception/transmission of data outside of MGL of MG with higher priority in case of overlapped MGs. 

· Overhead issue  
If multiple MG patterns are applied to UE, the UE is not required to transmit or receive data during the MGL of the multiple MGs. It means performance degradation can occur higher than a single MG pattern. The performance degradation can be simply calculated with the sum of the ratio of  from the configuration of each MG pattern ID. 
For example, multiple MG patterns are configured with MG ID #0 and MG ID #1, performance degradation is about 22.5% and it is 7.5% higher than that of single MG ID #0. Instead of MG ID#1, using MG ID #5, performance degradation is about 18.75%. It is 3.75% higher than that of a single MG ID #0. 
It is necessary to define an overhead cap to avoid too much performance degradation. One way to define an overhead cap is to set the increased ratio as less than the threshold (K) comparing with the legacy/referenced single MG. 

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 8: 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: Decide whether to allow both 2 MGs for FR1 and 2 MGs for FR2 simultaneously after investigating both benefits and UE complexity.

Proposal 3: Consider priority when measuring only in one MG on occasions where the two MGs are overlapped. 
Proposal 3-1: Consider gap sharing if each priority for two MGs is same. 
Proposal 4: Configure priority considering that any overlapped MG is not precluded during all overlapped duration.

Proposal 5: UE is not required to conduct reception/transmission of data during MGL of MG with high priority if priority between MGs is different in case of overlapped MGs. 
Proposal 6: UE is not required to conduct reception/transmission of data during entire MGLs of multiple MGs if priority between MGs is same in case of overlapped MGs. 
Proposal 7: UE is required to conduct reception/transmission of data outside of MGL of MG with higher priority in case of overlapped MGs. 
Proposal 8: 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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