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1. Introduction
In RAN4#100-e multiple concurrent and independent MG patterns design was widely discussed. Corresponding agreement and open items are captured in the approved WF [1]. In this contribution, we continue discussing the concurrent gaps design with focus on the open issues listed in [1]. After that, we also provide discussion on the RAN2 incoming LS [2].
2. Discussion
2.1 Open issues in RAN4#101e
We will discuss the open issues following the order in the approved WF [1]
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
We still don’t think it is necessary to use concurrent gaps in the case when only non-NR RAT measurement objectives are configured. Reason is twofold, as we mentioned in the last meeting: 1) in LTE there is PSS, SSS and CRS every 5ms. Therefore, a MGP with 6ms MGL can cover any LTE cell. 2) multiple concurrent gap patterns are not supported in LTE. Allowing such feature will not only increase the complexity of LTE module, but also result in extra standard work.
Some company raised concern that precluding such case would result in extra standardization work. However, we think this can simply be handled by adding some clarification in RAN4 spec. Specifically, impact from concurrent gaps on inter-RAT measurement requirements are mainly on CSSFinterRAT , which is equal to CSSFwithin_gap. According to CR split discussion in the last meeting, there will be a dedicated CR to update the CSSF based on the new association between gap and dedicated use cases. One possible way is to clarify in the CSSF session that requirements don’t apply if only E-UTRAN measurement objectives are configured.
Proposal 1: not allow concurrent gap in the case when only non-NR RAT measurement objectives are configured. This can be handled by simply adding clarification in CSSF session in RAN4 spec.

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.
From system throughput perspective, we don’t see any benefit for NW to configure per-UE gap for the UE which supports per-FR gap. Because for every FR1 MGP there is a corresponding FR2 MGP with shorter MGL. One exception is for PRS measurement. According R16 PRS measurement design, PRS measurement is always with measurement gap. In our understanding the measurement gap for PRS measurement shall apply for all serving cells across FR1 and FR2. It is equivalent to per-UE gap.
[bookmark: _Ref85227748]Proposal 2: Simultaneous configuring per-UE gap and per-FR gap is only allowed when the per-UE gap is associated to PRS measurement. 

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
It was agreed in RAN4#99e that up to two MGP per FR is supported. On top of that we prefer to define the max number of concurrent gap across all FRs. On one hand, this can somehow reduce UE complexity. On the other hand, we think 3 concurrent gaps can handle most scenarios. However, one thing we would like to highlight is that in other ongoing R17 WI there is a need for RAN4 to support more concurrent gap patterns. For instance, in MUSIM RAN2 is expecting UE can support 3 concurrent gap patterns for SI reading in network B. In NTN UE may be configured with up to four different SMTC. If NW wants to cover all of them, up to four concurrent measurement gap patterns is needed.
Actually, this issue has been widely discussed for several meetings. For the sake of progress, we can compromise to option 3, i.e. up to UE capability.
[bookmark: _Ref85227754]Proposal 3: Max number of concurrent gap across all FRs for per-FR gap capable Ues (without considering MU-SIM and NTN):
· Option 1: 3
· Option 2: Up to UE capability

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
In condition 2, according to previous discussion, the gap is needed for UE to process the previous measurement and prepare measurement scheduling for the next gap occasion. Therefore, the necessary gap should be independent of frequency range. Conservatively, we propose 4ms for both FR1 and FR2.
Proposal 4: gap in proximity condition for overlapping is 4ms for both FR1 and FR2.

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
We support to consider sharing factor here. The reason is if we go with priority rule, then the possible use cases of configuring concurrent gaps would be quite limited, probably the only use is for PPO with high priority on the GP with longer MGRP:
[image: Timeline
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If we go with option 1, then FO and FPO is not supported at all, since one of the MGP will always be canceled. This is effectively saying only one MGP can be configured. For PFO and PPO, it can only be configured if the MGP in green (with longer periodicity) is configured with higher priority.
In option 5, we can achieve the same purpose in R17 by defining requirements only for 0% and 100%, without jeopardize the use cases of this feature. Therefore, option 5 is a reasonable compromise.
Observation 1: the feature would become less attractive if priority rule is considered in UE behavior during colliding gap occasion, since a lot of scenarios/configurations are not allowed.
Proposal 5: 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%.

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 
This issue has already been discussed for several meetings. We still believe it is necessary to introduce an overhead cap for concurrent gaps, in order to 1) avoid high throughput degradation. 2) avoid high UE complexity. 3) allow more UE to enjoy this feature. A compromised solution is to introduce a UE capability on the maximum overhead.
[bookmark: _Ref85227787]Proposal 6: it is necessary to introduce an overhead cap for concurrent gaps. RAN4 can introduce a UE capability indicating the supported maximum overhead.

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
In our view, option 1 could be the simplest solution considering all kinds of UE implementation. Option 2 seems a bit complicated, but the benefit is not that obvious. Option 3 is also a possible solution. However, the supported concurrent MG patterns are potentially less than option 1, at least for the UE which can support 20ms MGRP.
Proposal 7: to define overhead cap, the following option 1 is preferred and option 3 is also acceptable:
· 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

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

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.
The above issues can be directly discussed on the CR.

Issue 2-7-2: UE measurement behavior after transition
· Open issue
· Option 1: 
· The UE will continue and complete the ongoing measurement on MO1 using MGP1 and meet the corresponding measurement requirement based on MGP1 during this measurement period even if the MO1 is reconfigured to be measured using MGP2.
· UE will perform the measurement on MO2 using MGP2 immediately after the concurrent gaps reconfiguration, if MO2 can’t be measured by MGP1 due to gap offset or  if gap length is not enough.
· After one of concurrent gaps deconfiguration, data scheduling is expected on this disabled MG’s time occasions. 
· Option 2: 
· FFS whether/how to define UE measurement behaviour after transition.
We have concern on option 1. 
In the first sub-bullet, we don’t think we shall mandate UE to continue measuring MO1 using MGP1 if MO1 is reconfigured to be measured using MGP2. From requirement perspective, we never know how many samples are needed to “complete the ongoing measurement”. As usual, we may have to derive requirements based on the worst case which will result in longer latency for measurement after RRC reconfiguration. 
In the second sub-bullet, it is unclear if MO2 is configured to be measured using MGP1. However, it seems to us that it requests UE to “smartly” choose which MGP to use for each MO. This is some sort of over design in our understanding. UE shall just follow NW configuration. If NW configuration doesn’t work very well, we simply consider this as an error case. No requirements shall apply.
Proposal 8: for the open issue Issue 2-7-2: UE measurement behavior after transition in the last meeting, option 1 is not supported.
· Option 1: 
· The UE will continue and complete the ongoing measurement on MO1 using MGP1 and meet the corresponding measurement requirement based on MGP1 during this measurement period even if the MO1 is reconfigured to be measured using MGP2.
· UE will perform the measurement on MO2 using MGP2 immediately after the concurrent gaps reconfiguration, if MO2 can’t be measured by MGP1 due to gap offset or  if gap length is not enough.
· After one of concurrent gaps deconfiguration, data scheduling is expected on this disabled MG’s time occasions. 
· Option 2: 
· FFS whether/how to define UE measurement behaviour after transition.

2.2 RAN2 incoming LS
RAN2 approved an LS [2] in RAN2#116e. We are trying to provide response inline highlighted in blue:
	RAN2 would like to thank RAN4 for the LS on R17 NR MG enhancements – Concurrent MG [1]. RAN2 has discussed the operation and limitation for concurrent gap and reached the following agreements. 
RAN2 confirms the following understanding for concurrent gap operation:
1. Concurrent gaps are multiple measurement gaps and each gap pattern could be associated with one or multiple frequency layers.
2. Each frequency layer can be associated with only one of the concurrent gaps.
3. Without considering pre-configured MG, concurrent gaps are always activated if it is setup by the network.
4. No new gap pattern is introduced for concurrent gap, the existing R15/R16 gap pattern could be configured for the concurrent gaps.

RAN2 to clarify “frequency layer” and limitations as below:
PRS measurement can be associated with one gap pattern, no matter how many frequencies are measured for PRS.
Each measured SSB or LTE frequency is considered as one frequency layer.
Measured CSI-RS resources with the same center frequency is considered as one frequency layer. It is possible to have Multiple MOs including CSI-RS resources with same center frequency.
SSB and CSI-RS measurement in one MO are considered as different frequency layers.

Firstly, RAN2 would like to confirm with RAN4 that the above understanding is correct. 

[RAN4]: RAN4 confirms all above understanding is correct. Note that RAN4 may not define RRM requirements for yellow (since R16), even though it can be supported from RRC configuration point of view. 

In addition, RAN2 would like to ask the following questions.

RAN2 signaling could ensure to always provide an association between Rel-17 concurrent MGs and the frequency layers to be measured (at least in NR SA). However, since legacy MG do not provide this association: 
Q1 – Can Rel-17 concurrent gaps be configured together with legacy gap? If ‘yes’, what would be the UE behavior?
[RAN4]: Yes. However, from RAN4 perspective, it is important for NW and UE to have same understanding on which MG pattern to use for each MO. Therefore, for the MOs for which NW doesn’t provide the association, UE shall conduct measurement using the legacy MG.
Q2 – How many concurrent gaps could be configured simultaneously?
[RAN4]:
	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



Q3 – Could concurrent gaps be configured with different gap types (i.e., some gaps are per-UE while some gaps are per-FR)? If so, what is the maximum number of gaps that could be configured simultaneously for each gap type (per-UE /per-FR1/per-FR2)? 
[RAN4]: same as above.
Q4 – Is the legacy gap sharing configuration (configured in MeasGapSharingConfig) applicable to Rel-17 concurrent gaps? If ‘yes’, could RAN4 clarify how this would work?
[RAN4]: from flexibility perspective, it is beneficial to allow separate MeasGapSharingConfig for each MG pattern. This is feasible from RAN4 point of view, since both NW and UE know the category and which MG pattern to use for each MO.
Q5 – Could RAN4 help to clarify whether UTRAN-FDD measurement (configured in MeasObjectUTRA-FDD) is also applicable in concurrent gap operation?
[RAN4]: RAN4 agreed to leave it up to RAN2:
· Agreement in RAN4:
· 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.



3. Conclusion
In this contribution, we further discuss the concurrent gaps design. After discussion, the following conclusions are provided:
Proposal 1: not allow concurrent gap in the case when only non-NR RAT measurement objectives are configured. This can be handled by simply adding clarification in CSSF session in RAN4 spec.
Proposal 2: Simultaneous configuring per-UE gap and per-FR gap is only allowed when the per-UE gap is associated to PRS measurement. 
Proposal 3: Max number of concurrent gap across all FRs for per-FR gap capable Ues (without considering MU-SIM and NTN):
· Option 1: 3
· Option 2: Up to UE capability
Proposal 4: gap in proximity condition for overlapping is 4ms for both FR1 and FR2.
Observation 1: the feature would become less attractive if priority rule is considered in UE behavior during colliding gap occasion, since a lot of scenarios/configurations are not allowed.
Proposal 5: 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%.
Proposal 6: it is necessary to introduce an overhead cap for concurrent gaps. RAN4 can introduce a UE capability indicating the supported maximum overhead.
Proposal 7: to define overhead cap, the following option 1 is preferred and option 3 is also acceptable:
· 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
Proposal 8: for the open issue Issue 2-7-2: UE measurement behavior after transition in the last meeting, option 1 is not supported.
· Option 1: 
· The UE will continue and complete the ongoing measurement on MO1 using MGP1 and meet the corresponding measurement requirement based on MGP1 during this measurement period even if the MO1 is reconfigured to be measured using MGP2.
· UE will perform the measurement on MO2 using MGP2 immediately after the concurrent gaps reconfiguration, if MO2 can’t be measured by MGP1 due to gap offset or  if gap length is not enough.
· After one of concurrent gaps deconfiguration, data scheduling is expected on this disabled MG’s time occasions. 
· Option 2: 
· FFS whether/how to define UE measurement behaviour after transition.
Proposal 9: RAN4 response to RAN2 LS:
	RAN2 would like to thank RAN4 for the LS on R17 NR MG enhancements – Concurrent MG [1]. RAN2 has discussed the operation and limitation for concurrent gap and reached the following agreements. 
RAN2 confirms the following understanding for concurrent gap operation:
1. Concurrent gaps are multiple measurement gaps and each gap pattern could be associated with one or multiple frequency layers.
2. Each frequency layer can be associated with only one of the concurrent gaps.
3. Without considering pre-configured MG, concurrent gaps are always activated if it is setup by the network.
4. No new gap pattern is introduced for concurrent gap, the existing R15/R16 gap pattern could be configured for the concurrent gaps.

RAN2 to clarify “frequency layer” and limitations as below:
PRS measurement can be associated with one gap pattern, no matter how many frequencies are measured for PRS.
Each measured SSB or LTE frequency is considered as one frequency layer.
Measured CSI-RS resources with the same center frequency is considered as one frequency layer. It is possible to have Multiple MOs including CSI-RS resources with same center frequency.
SSB and CSI-RS measurement in one MO are considered as different frequency layers.

Firstly, RAN2 would like to confirm with RAN4 that the above understanding is correct. 

[RAN4]: RAN4 confirms all above understanding is correct. Note that RAN4 may not define RRM requirements for yellow (since R16), even though it can be supported from RRC configuration point of view. 

In addition, RAN2 would like to ask the following questions.

RAN2 signaling could ensure to always provide an association between Rel-17 concurrent MGs and the frequency layers to be measured (at least in NR SA). However, since legacy MG do not provide this association: 
Q1 – Can Rel-17 concurrent gaps be configured together with legacy gap? If ‘yes’, what would be the UE behavior?
[RAN4]: Yes. However, from RAN4 perspective, it is important for NW and UE to have same understanding on which MG pattern to use for each MO. Therefore, for the MOs for which NW doesn’t provide the association, UE shall conduct measurement using the legacy MG.
Q2 – How many concurrent gaps could be configured simultaneously?
[RAN4]:
	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



Q3 – Could concurrent gaps be configured with different gap types (i.e., some gaps are per-UE while some gaps are per-FR)? If so, what is the maximum number of gaps that could be configured simultaneously for each gap type (per-UE /per-FR1/per-FR2)? 
[RAN4]: same as above.
Q4 – Is the legacy gap sharing configuration (configured in MeasGapSharingConfig) applicable to Rel-17 concurrent gaps? If ‘yes’, could RAN4 clarify how this would work?
[RAN4]: from flexibility perspective, it is beneficial to allow separate MeasGapSharingConfig for each MG pattern. This is feasible from RAN4 point of view, since both NW and UE know the category and which MG pattern to use for each MO.
Q5 – Could RAN4 help to clarify whether UTRAN-FDD measurement (configured in MeasObjectUTRA-FDD) is also applicable in concurrent gap operation?
[RAN4]: RAN4 agreed to leave it up to RAN2:
· Agreement in RAN4:
· 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.
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