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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 discuss the following issues.
	· UE capability related issues
· When UE doesn’t support per-FR gap, 
· All concurrent gaps are per-UE
· The max number of supported concurrent gap is
· Option A: 2
· Option B: 3
· Option C: Up to UE capability
· When UE supports per-FR gap, 
· FFS whether to allow per-UE gap and per-FR gap to be configured simultaneously
· FFS the max number of supported concurrent gap
· FFS on the combination of the per-UE gap and/or per-FR gap to be configured simultaneously
· FFS whether a Per-FR gap capable UE can be configured with Per-UE concurrent gaps (e.g. not configured with Per-FR gaps but only per-UE concurrent gaps)
· FFS whether UE shall support combinations of concurrent gaps comprising of any UE supported MGPs
· FFS whether to introduce the applicability conditions that may limit the allowable combinations of MGs’ configurations  that can be configured concurrently
· Overlapping issues
· Definitions of fully overlapped, partial overlapped and fully non-overlapped concurrent gaps
· Start from per-UE gap. FFS how to extend to per-FR gap
· Fully non-overlapped (FNO): All gap occasions of 2 MGs are disjoint in time. 



· Fully-overlapped (FO): Every gap occasion of one MG is fully covered by every gap occasion of another MG with the same periodicity



· Partially overlapped
· Fully-partial overlapped (FPO): Every gap occasion of one MG is partially overlapped by every gap occasion of another MG with the same periodicity



· Partially-fully overlapped(PFO): Every gap occasion of one MG is fully covered by gap occasion of another MG with the different periodicity





· Partially-partial overlapped(PPO): Every gap occasion of one MG is partially covered by gap occasion of another MG with the different periodicity



· Requirement will be defined at least for FNO. FFS other cases
· FFS UE’s behavior in collided gap durations, if needed
· Overhead
· Whether to define an overhead cap
· Option A: Yes
· Option B: No



· UE capability related issues  
When UE doesn’t support per-FR gap, it was agreed that all concurrent gaps are per-UE. For maximum number of supported concurrent gap, preference is 2. The reason is that too many multiple MG patterns can increase limitation of UE transmission or reception of data. 

When UE supports per-FR gap, main issue is whether to allow per-UE gap and per-FR gap to be configured simultaneously. In general, either per-UE gap or per-FR gap is configured and used. Based on Rel-16 applicability rule of MGs, applicable MG patterns in per-FR gap can cover per-UE MG patterns except for #24 and #25. The MG patterns of #24 and #25 can be added for applicability of per-FR gap in multiple MG patterns. Therefore, it does not need to configure per-UE gap and per-FR gap simultaneously. For maximum number of supported concurrent gap, preference is 2 per FR with same reason above.

Proposal 1: Define 2 as maximum number of supported concurrent gap for UE not supporting per-FR gap.
Proposal 2: Not to allow per-UE gap and per-FR gap to be configured simultaneously for UE supporting per-FR gap.
Proposal 2-1: Define 2 for FR1 and 2 for FR2 as maximum number of supported concurrent gap for UE supporting per-FR gap.

· Overlapping issues  
For 5 overlapping types in WF[1], UE’s behaviour in collided gap duration needs to be clarified. In general, UE does not have different RF architecture depending on whether to support single MG pattern or multiple MG patterns. In other words, based on the common RF architecture, the UE is not required to conduct data reception/transmission from/to serving Cell(s) during the per-UE MGs or the per-FR MGs in the multiple MG patterns. 

Figure 2.1 shows the duration (red arrow) which the UE is not required to conduct data reception/transmission with the multiple MGs.




Figure 2.1 Duration which the UE is not required to conduct data reception/transmission

However, detail analysis on impact of RRM requirement related to the multiple MG patterns is needed. 

For FNO, 

· Total number of interrupted slots can be impacted by MG timing advance(MGTA) and time difference between the end of MG1 and the start of MG2
· MGTA
· X1 = time difference between the end of MG1 and the start of MG2

Figure 2.2, 2.3 and 2.4 show the interrupted slots by multiple MG patterns with FNO for synchronization scenarios. And, Figure 2.5, 2.6 and 2.7 show the interrupted slots by multiple MG patterns with FNO for asynchronization scenarios.
· Figure 2.2 & 2.5 : 
· {MGTA_MG1, MGTA_MG2} = {0ms, 0ms} , {0.5ms, 0.5ms}
· X1= 0ms 
· Figure 2.3 & 2.6: 
· {MGTA_MG1, MGTA_MG2} = {0ms, 0.5ms} , {0.5ms, 0ms}
· X1= 0.5ms 
· Figure 2.4 & 2.7: 
· {MGTA_MG1, MGTA_MG2} = {0ms, 0ms} , {0.5ms, 0.5ms}
· X1 = 1ms 




Figure 2.2 Interrupted slots for X1 = 0ms for Synchronization scenarios



Figure 2.3 Interrupted slots for X1 = 0.5ms for Synchronization scenarios



Figure 2.4 Interrupted slots for X1 = 1ms for Synchronization scenarios



Figure 2.6 Interrupted slots for X1 = 0ms for Asynchronization scenarios



Figure 2.7 Interrupted slots for X1 = 0.5ms for Asynchronization scenarios



Figure 2.8 Interrupted slots for X1 = 1ms for Asynchronization scenarios

Table 2.1 and Table 2.2 show the total number of interrupted slots by MG1 and MG1 for Synchronization scenarios and for Asynchronization scenarios respectively. Here, based on Rel-16, the followings are assumed.
· Y1/Y2/Y3/Y4 : total number of interrupted slots by MG1 for SCS of 15kHz,30kHz,60kHz and 120kHz respectively
· Z1/Z2/Z3/Z4   : total number of interrupted slots by MG2 for SCS of 15kHz,30kHz,60kHz and 120kHz respectively
Y1/Y2/Y3/Y4 and Z1/Z2/Z3/Z4 are assumed to be values for each MGL with MGTA of 0ms in Table 9.1.2-4 of TS38.133.
Table 2.1 Total number of interrupted slots by multiple MG patterns for FNO in Synchronization scenarios (assuming 2 MGs :MG1 & MG2)

	Timing difference btw MG1 and MG2
(X1) (ms)
	MGTA(ms)
	NR SCS (kHz)
	Total number of interrupted slots on serving cell(s)

	
	MG1
	MG2
	
	MG1(same as Rel-16)
	MG2(same as Rel-16)
	MG1+MG2

	0
	0
	0
	15
	Y1
	Z1
	Y1 + Z1

	
	
	
	30
	Y2
	Z2
	Y2 + Z2

	
	
	
	60
	Y3
	Z3
	Y3+ Z3

	
	
	
	120
	Y4
	Z4
	Y4+ Z4

	
	0.5
	0.5
	15
	Y1+1
	Z1+1
	Y1+Z1+1

	
	
	
	30
	Y2
	Z2
	Y2 + Z2

	
	
	
	60
	Y3
	Z3
	Y3+ Z3

	
	
	
	120
	Y4
	Z4
	Y4+ Z4

	0.5
	0
	0.5
	15
	Y1
	Z1+1
	Y1+Z1+1

	
	
	
	30
	Y2
	Z2
	Y2 + Z2

	
	
	
	60
	Y3
	Z3
	Y3+ Z3

	
	
	
	120
	Y4
	Z4
	Y4+ Z4

	
	0.5
	0
	15
	Y1+1
	Z1
	Y1+Z1+1

	
	
	
	30
	Y2
	Z2
	Y2 + Z2

	
	
	
	60
	Y3
	Z3
	Y3+ Z3

	
	
	
	120
	Y4
	Z4
	Y4+ Z4

	1.0 
	0
	0
	15
	Y1
	Z1
	Y1 + Z1

	
	
	
	30
	Y2
	Z2
	Y2 + Z2

	
	
	
	60
	Y3
	Z3
	Y3+ Z3

	
	
	
	120
	Y4
	Z4
	Y4+ Z4

	
	0.5
	0.5
	15
	Y1+1
	Z1+1
	Y1+Z1+2

	
	
	
	30
	Y2
	Z2
	Y2 + Z2

	
	
	
	60
	Y3
	Z3
	Y3+ Z3

	
	
	
	120
	Y4
	Z4
	Y4+ Z4

	Note : If X1 > 1.0ms, the total number of interrupted slots on serving cell(s) is same as that of X1 = 1.0ms.






Table 2.2 Total number of interrupted slots by multiple MG patterns for FNO in Asynchronization scenarios (assuming 2 MGs :MG1 & MG2)

	Timing difference btw MG1 and MG2
(X1) (ms)
	MGTA(ms)
	NR SCS (kHz)
	Total number of interrupted slots on serving cell(s)

	
	MG1
	MG2
	
	MG1(same as Rel-16)
	MG2(same as Rel-16)
	MG1+MG2

	0
	0
	0
	15
	Y1+1
	Z1+1
	Y1 + Z1+1

	
	
	
	30
	Y2+1
	Z2+1
	Y2 + Z2+1

	
	
	
	60
	Y3+1
	Z3+1
	Y3+ Z3+1

	
	
	
	120
	Y4+1
	Z4+1
	Y4+ Z4+1

	
	0.5
	0.5
	15
	Y1+1
	Z1+1
	Y1 + Z1+1

	
	
	
	30
	Y2+1
	Z2+1
	Y2 + Z2+1

	
	
	
	60
	Y3+1
	Z3+1
	Y3+ Z3+1

	
	
	
	120
	Y4+1
	Z4+1
	Y4+ Z4+1

	0.5
	0
	0.5
	15
	Y1+1
	Z1+1
	Y1+Z1+1

	
	
	
	30
	Y2+1
	Z2+1
	Y2 + Z2+2

	
	
	
	60
	Y3+1
	Z3+1
	Y3+ Z3+2

	
	
	
	120
	Y4+1
	Z4+1
	Y4+ Z4+2

	
	0.5
	0
	15
	Y1+1
	Z1+1
	Y1+Z1+1

	
	
	
	30
	Y2+1
	Z2+1
	Y2 + Z2+2

	
	
	
	60
	Y3+1
	Z3+1
	Y3+ Z3+2

	
	
	
	120
	Y4+1
	Z4+1
	Y4+ Z4+2

	1.0 
	0
	0
	15
	Y1+1
	Z1+1
	Y1 + Z1+2

	
	
	
	30
	Y2+1
	Z2+1
	Y2 + Z2+2

	
	
	
	60
	Y3+1
	Z3+1
	Y3+ Z3+2

	
	
	
	120
	Y4+1
	Z4+1
	Y4+ Z4+2

	
	0.5
	0.5
	15
	Y1+1
	Z1+1
	Y1 + Z1+2

	
	
	
	30
	Y2+1
	Z2+1
	Y2 + Z2+2

	
	
	
	60
	Y3+1
	Z3+1
	Y3+ Z3+2

	
	
	
	120
	Y4+1
	Z4+1
	Y4+ Z4+2

	Note : If X1 > 1.0ms, the total number of interrupted slots on serving cell(s) is same as that of X1 = 1.0ms.



In the Table 2.1 and Table 2.2, the cases which the total number of interrupted slots by MG1 and MG2 is 1 slot less than the sum of each total number of interrupted slots are highlighted with yellow colour.

From the Table 2.1 and Table 2.2, 

Proposal 3: When two MG patterns(MG1, MG2) are configured with FNO for Synchronization scenarios, the total interrupted slots on serving cell(s) is equal to the sum of each total number of interrupted slots except for following cases
· X1 = 0ms    & {MGTA_MG1 = 0 & MGTA_MG2 = 0} or
· X1 = 0.5ms & {MGTA_MG1 = 0 & MGTA_MG2 = 0.5} or
· X1 = 0.5ms & {MGTA_MG1 = 0.5 & MGTA_MG2 = 0} or
· In above exception cases
· sum of each total number of interrupted slots – 1
Proposal 4: When two MG patterns(MG1, MG2) are configured with FNO for Asynchronization scenarios, the total interrupted slots on serving cell(s) is equal to the sum of each total number of interrupted slots except for following cases
· X1 = 0ms    & {MGTA_MG1 = 0 & MGTA_MG2 = 0} or
· X1 = 0ms    & {MGTA_MG1 = 0.5 & MGTA_MG2 = 0.5} or
· X1 = 0.5ms & {MGTA_MG1 = 0 & MGTA_MG2 = 0.5} or
· X1 = 0.5ms & {MGTA_MG1 = 0.5 & MGTA_MG2 = 0} or
· In above exception cases
· sum of each total number of interrupted slots - 1


For FO, 

If MGs are fully overlapped as Figure 2.1(b1) and (b2), either MG1 or MG2 can be used in UE side. It needs to be indicated to UE which MG should be used. It can be decided from Network considering priority of measurement. Depending on indicated MG, total number of effectively interrupted slots needs to be defined. 

For example, in Figure 2.1(b2), if MG2 is MG with higher priority on measurement, the UE should perform measurement using MG2. After measurement with MG2 during MGL of MG2, the UE does not perform measurement using MG1 even though partial MGL of MG1 is remained. In other words, after the measurement based on MG2, the UE can be required to conduct data reception/transmission. And,, in this case, the total number of effectively interrupted slots on serving cell(s) needs to be specified based on the MG2.

For FPO, 

In case that MGs are fully partially overlapped as Figure 2.1(c), either MG1 or MG2 can be also used in UE side. It needs to be indicated to UE which MG should be used. It can be decided from Network considering priority of measurement. It is same story with FO.

For PFO, 

It is same story with FO (Figure 2.1 (b2)) for duration of overlapping with MG1 and MG2.

For PPO, 

It is same story with FPO for duration of overlapping with MG1 and MG2.


Proposal 5: Consider to indicate priorities of configured multiple MG patterns.
Proposal 5-1: Consider total number of effectively interrupted slots on serving cell(s) due to multiple MG patterns in cases of FO, FPO, PFO and PPO other than FNO.

· Overhead issue  
Desirable, it should be expected there is no significant performance degradation of serving cell(s) by multiple MG patterns. 
If multiple MG patterns are applied to UE, the UE is not required to transmit or receive data during 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 sum of ratio of  from 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 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 is 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 starting point of 5%. 

Proposal 6: 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. Observation and proposals are as follows.

Proposal 1: Define 2 as maximum number of supported concurrent gap for UE not supporting per-FR gap.
Proposal 2: Not to allow per-UE gap and per-FR gap to be configured simultaneously for UE supporting per-FR gap.
Proposal 2-1: Define 2 for FR1 and 2 for FR2 as maximum number of supported concurrent gap for UE supporting per-FR gap.
Proposal 3: When two MG patterns(MG1, MG2) are configured with FNO for Synchronization scenarios, the total interrupted slots on serving cell(s) is equal to the sum of each total number of interrupted slots except for following cases
· X1 = 0ms    & {MGTA_MG1 = 0 & MGTA_MG2 = 0} or
· X1 = 0.5ms & {MGTA_MG1 = 0 & MGTA_MG2 = 0.5} or
· X1 = 0.5ms & {MGTA_MG1 = 0.5 & MGTA_MG2 = 0} or
· In above exception cases
· Sum of each total number of interrupted slots – 1
Proposal 4: When two MG patterns(MG1, MG2) are configured with FNO for Asynchronization scenarios, the total interrupted slots on serving cell(s) is equal to the sum of each total number of interrupted slots except for following cases
· X1 = 0ms    & {MGTA_MG1 = 0 & MGTA_MG2 = 0} or
· X1 = 0ms    & {MGTA_MG1 = 0.5 & MGTA_MG2 = 0.5} or
· X1 = 0.5ms & {MGTA_MG1 = 0 & MGTA_MG2 = 0.5} or
· X1 = 0.5ms & {MGTA_MG1 = 0.5 & MGTA_MG2 = 0} or
· In above exception cases
· Sum of each total number of interrupted slots – 1
Proposal 5: Consider to indicate priorities of configured multiple MG patterns.
Proposal 5-1: Consider total number of effectively interrupted slots on serving cell(s) due to multiple MG patterns in cases of FO, FPO, PFO and PPO other than FNO.
Proposal 6: 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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