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1 Introduction
In last RAN4 meeting, a WF [1] on multiple concurrent and independent MG patterns was approved. 
In this contribution, we provide our views on the remaining issues.
2 [bookmark: OLE_LINK26][bookmark: OLE_LINK27]Discussion 
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 1a: Yes, provided that UE supports LTE measurement with concurrent MGs, which is up to UE capability
· Option 1b: Yes, under the condition that only one per-UE MG is configured for UE
· Option 2: No
Issue 2-1-2: Additional limitation when UE is configured with both E-UTRA and NR Mos
· Open issue
· FFS: When UE is configured with both E-UTRA and NR MOs, UE can be configured with concurrent MGs, but all E-UTRA MOs are expected to be associated with one single MG
Issue 2-1-3: Supporting concurrent gap in MR-DC scenario
· Agreement
· RAN4 to ask RAN2 to decide whether concurrent MGs is supported in MR-DC scenario


In our view, concurrent MGs are not expected when the UE is configured to perform only non-NR RAT measurements. But E-UTRAN measurement is applicable in concurrent gap operation under the condition that only one per-UE MG is configured for UE. And all E-UTRA MOs are expected to be associated with one single MG.
Proposal 1: All E-UTRA MOs are expected to be associated with one single MG when UE is configured with both E-UTRA and NR MOs and concurrent MG(s).
For the case when only E-UTRAN measurement objectives are configured, the similar agreement can also apply if all E-UTRA MOs are associated with one single MG and meanwhile only one per-UE MG is configured for UE. We expect the signalling for concurrent gaps can still apply for only E-UTRAN measurements, even though the MG configuration and UE behaviour is the same as the legacy per UE measurement.
Proposal 2: Concurrent gaps are allowed in the case when only E-UTRAN measurement objectives are configured under the condition that only one per-UE MG is configured for UE.
UE capability related issues
	Issue 2-2-2: Max number of concurrent gap across all FRs for per-FR gap capable Ues (without considering other Wis)
· Agreement
· The maximum number of concurrent gaps across all FRs for per-FR gap capable Ues is 
· 3 for SA case
· FFS for MR-DC case if it is supported


A list of all supported combinations can be found in below table for reference.
	Combinations of different gap types 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
	Supported when per-UE gap is associated to PRS measurement

	4
	0
	1
	1
	

	5
	1
	1
	1
	

	6
	0
	0
	1
	Supported

	7
	1
	1
	0
	Supported

	8
	1
	0
	0
	Supported

	9
	0
	1
	0
	Supported

	10
	2
	0
	0
	Supported

	11
	0
	2
	0
	Supported


For MR-DC, we think the max number of concurrent gaps can follow the agreements for SA. The max number of supported concurrent gaps across all FRs should not exceed 3.
Proposal 3: For MR-DC and SA, the max number of concurrent gaps across all FRs for per-FR gap capable UEs is 3.
Overlapping 
	Issue 2-3-1: X value in proximity condition for overlapping in FR1. 
· Agreement
· Consider as least X=4 in proximity condition for overlapping in FR1
· FFS to introduce X=0 as an optional UE capability
Issue 2-3-2: X value in proximity condition for overlapping in FR2
· Open issue
· FFS to consider as least X=4 in proximity condition for overlapping in FR2
· FFS to introduce X=0 as an optional UE capability
Issue 2-3-3: 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
· 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.  
· Agreement: CRs can be drafted based on Option 1 with the editor’s note: “The detail UE behavior can be revised based on the later RAN4 agreement on UE behavior during colliding gap occasion.”
Issue 2-3-4: Whether to resume data scheduling on the dropped gap occasions
· Agreement
· Data scheduling is resumed on the dropped gap occasions
Issue 2-3-5: Whether to introduce a UE capability to indicate whether UE supports only 0% and 100% gap sharing ratios or UE supports arbitrary configured sharing ratios. (If Option 5 in Issue 2-3-3 is agreed)
· Postpone to next meeting
Issue 2-3-6: Detail gap sharing ratios (If Option 5 in Issue 2-3-5 is agreed)
· Postpone to next meeting
[bookmark: _Hlk93076517]Issue 2-3-7: Whether to introduce FO, FPO, PFO, PPO scenarios.
· Open issue
· Option 1: Introduce all scenarios
· Option 2: Only introduce PFO, PPO scenarios 
· Option 3: Only introduce FO, FPO scenarios
Issue 2-3-8: Whether to introduce UE capability for different overlapping scenarios (FO, FPO, PFO, PPO).
· Agreement
· Do not introduce UE capability for different overlapping scenarios (FO, FPO, PFO, PPO)


We have agreed on the case of fully overlapping (FO). According to the WID, both priority rules and gap sharing mechanism are in the scope. Neither of them should be excluded. We slightly prefer option 1 to consider priority when measuring only in one MG in occasions where the two MGs are overlapped. But we can compromise to option 5 with the condition that Rel-17 requirements will only consider sharing ratios 0% and 100%. For other colliding gap occasions, e.g., FPO/PFO/PPO/FNO cases, we think they can be discussed in similar way. 
Proposal 4: Prefer option 1 (Priority rule) but can also compromise to option 5 (gap sharing rule) with only sharing ratios 0% and 100% in R17.
In our view, either priority rule or gap sharing rule with sharing ratios 0% and 100% for colliding occasions is feasible. As agreed, CRs can be drafted based on Option 1 with the editor’s note: “The detail UE behavior can be revised based on the later RAN4 agreement on UE behavior during colliding gap occasion.”
And the rules of UE behavior during colliding gap occasion can apply for all FO, FPO, PFO, PPO scenarios.
Proposal 5: The rules of UE behavior during colliding gap occasion can apply for all FO, FPO, PFO, PPO scenarios.
RAN4 has concluded new gap sharing rule which may bring some additional changes on top of current gap sharing. Finally, intra-frequency or inter-frequency MOs should consider sharing ratios not only due to overlapping between gaps (Y%) but also due to overlapping between SMTC and gaps (X%). The final sharing factor applied to the calculation of carrier specific scaling factor should be X% * Y%. 
For each gap, the legacy gap sharing configuration is applicable for MO collision. But for concurrent gaps, gap sharing configuration between gaps should be also considered based on RAN4’s conclusion (either option 1 or 5). If option 5 was concluded, sharing ratios (0%~100%) should be implemented in RAN2 spec considering forward compatibility. Therefore, new signaling for sharing ratios due to overlapping between gaps (Y%) needs be to be introduced because at least X (%) in measGapSharingScheme cannot cover all possible values (e.g., 0%). The details of signaling design should be left to RAN2.
Proposal 6: if RAN4 agreed to adopt gap sharing rule for overlapping between gaps, new signaling design should be considered to cover all the cases of sharing factors in concurrent gap.
Overhead 
	Issue 2-4-1: Whether to define the overhead cap
· Open issue
· Option 1: Yes
· Option 2: No 
· Option 3: Up to UE capability
Issue 2-4-2: Definition of overhead cap (if agreed in Issue 2-4-1)
· Open issue
· Option 1: The max overhead that UE can support in Rel-15/16
· Option 2: 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  
· Option 3: When concurrent MGs are configured, the MGRP for each MG cannot be smaller than 40ms


Overhead issues can be considered along with overlapping issues. In general, we think it is beneficial to both UE and network control to keep the balance between the measurement performance and throughput. We are open to discuss overhead issues but can accept to postpone it to later release.
Proposal 7: Open to discuss overhead issues but can also accept to postpone it to later release.
Measurement requirments
	[Outside gap] Kp & [Within gap] Kp
· FFS: extension to CSI-RS based L3 measurements


For legacy requirements of single gap, the definition of kp should not be impacted. For concurrent MG operation, we think the definition of Kp for SSB is also applicable for CSI-RS based L3 measurements.
Proposal 8: The definition of Kp is also applicable for CSI-RS based L3 measurements.
We propose the text proposal in draft CR [4].
	For Intra-frequency measurements without measurement gaps:
CSSFintra: it is a carrier specific scaling factor and is determined according to CSSFoutside_gap,i in clause 9.1.5.
[bookmark: _Hlk93912171]-	if intra-frequency CSI-RS resource is fully non- overlapping with any measurement gaps, Kp_CSI-RS=1;
-	if intra-frequency CSI-RS resource is partially overlapping with only one measurement gaps, Kp_CSI-RS = 1/(1- (CSI-RS resource period /MGRP)) , where CSI-RS resource period < MGRP, and the MGRP is the periodicity of measurement gap overlapping with CSI-RS resource.
-	If a UE which support concurrent measurement gaps has been configured with concurrent measurement gaps, Kp_CSI-RS is the scaling factor for a CSI-RS frequency layer to be measured outside gap which is defined as Kp_CSI-RS = Ntotal / Navailable
· For a window W of duration max(CSI-RS period,  MGRP_max), where MGRP max is the maximum MGRP across all configured per-UE MG and per-FR MG within the same FR as the CSI-RS frequency layer, and starting at the beginning of any gap occasions covering the CSI-RS resources: 
· Ntotal is the total number of CSI-RS resources within the window, ignoring any overlap with other MG occasions within the window, and
· Navailable is the number of CSI-RS resources that are not overlapped with any other MG occasion within the window W, after accounting for MG collisions by applying the selected gap collision rule.
· Kp_CSI-RS = 1 when Navailable = 0.
For CSI-RS based Inter-frequency measurements:
[bookmark: _Hlk93912146]If a UE which support concurrent measurement gaps has been configured with concurrent measurement gaps, Kp_CSI-RS is the scaling factor for a CSI-RS frequency layer to be measured within the associated MGP for a window W of duration max(CSI-RS period,  MGRP_max), where MGRP max is the maximum MGRP across all configured per-UE MG and per-FR MG within the same FR as the CSI-RS frequency layer, and starting at the beginning of any gap occasions covering the CSI-RS resources.
Kp_CSI-RS = Ntotal / Navailable, where Ntotal is the total number of associated gap occasions covering CSI-RS resources within the window, ignoring any overlap with other MG occasions within the window, and Navailable is the number of associated gap occasions covering CSI-RS resources that are not overlapped with any other MG occasion within the window W, after accounting for MG collisions by applying the selected gap collision rule. Specially Kp_CSI-RS =1 when Navailable = 0.
Otherwise Kp_CSI-RS =1.


3 Summary
In this contribution, we provided our views on concurrent and independent MG patterns.
Proposal 1: All E-UTRA MOs are expected to be associated with one single MG when UE is configured with both E-UTRA and NR MOs and concurrent MG(s).
Proposal 2: Concurrent gaps are allowed in the case when only E-UTRAN measurement objectives are configured under the condition that only one per-UE MG is configured for UE.
Proposal 3: For MR-DC and SA, the max number of concurrent gaps across all FRs for per-FR gap capable UEs is 3.
Proposal 4: Prefer option 1 (Priority rule) but can also compromise to option 5 (gap sharing rule) with only sharing ratios 0% and 100% in R17.
Proposal 5: The rules of UE behavior during colliding gap occasion can apply for all FO, FPO, PFO, PPO scenarios.
Proposal 6: if RAN4 agreed to adopt gap sharing rule for overlapping between gaps, new signaling design should be considered to cover all the cases of sharing factors in concurrent gap.
Proposal 7: Open to discuss overhead issues but can also accept to postpone it to later release.
Proposal 8: The definition of Kp is also applicable for CSI-RS based L3 measurements.
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