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Introduction
In RAN4#100-e meeting, RAN4 continued discussing requirements for multiple concurrent measurement gaps. Progress was captured in a WF [1]. In this paper, we discuss the following topics:
· Issues related to UE capability
· Overlapping MG
· MG overhead
· Measurement requirements
· Miscellaneous
· Reply LS to R2-2111472


Issues related to UE capability
The first issue is whether to allow simultaneous configuration of per-UE gap and per-FR gap for UEs that support per-FR gaps and multiple concurrent gaps [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.

The configuration in question should be allowed subject to UE capabilities for per-FR gaps and multiple concurrent gaps. One use case of interest is when the network configures the UE to perform NR measurements and PRS measurement simultaneously, which should be a typical scenario for UEs supporting NR positioning. Currently PRS measurements are only supported with per-UE MG [2], while RRM measurements with either per-UE or per-FR, subject to UE capability. Therefore, to support both types of measurements within gaps efficiently, simultaneous configuration of per-UE and per-FR gaps should be allowed. We expect that a new capability for indicating support of PRS measurements with per-FR gaps will be introduced in Rel-17. However, some UEs may not support that new capability.
Proposal 1: For UEs capable of per-FR gaps and multiple concurrent gaps, support simultaneous configuration of per-UE gap and per-FR gap when the per-UE gap is used for positioning measurements.
Regarding the maximum number of concurrent MG that can be configured, we support a maximum of  3.
Proposal 2: Support a maximum of 3 concurrent MG across FRs. Specifically, support concurrent MG combinations in rows 0-4 in the table below. 
NOTE: Rows 7-10 are supported in Rel-16.

	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



Proposal 3: The UE should be able to signal which concurrent MG configurations it supports from the table above as part of the UE capability.
Overlapping MG
RAN4 has reached the following agreement regarding the definition of colliding MG occasions [1]:
· 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


Regarding the value of the minimum distance between “colliding” gap occasions, we support X = 4 ms for both FR1 and FR2. In our view, the intention behind introducing a minimum distance between gap occasions is to account for processing time that the UE needs to prepare for the measurements to be performed in the next gap occasion. The processing time may not be strongly dependent on whether the gap occasion is used for FR1 or FR2. Additionally, if the MG is question is of type per-UE then it is not possible to predict on which occasions the UE will perform measurements on FR1 or FR2, when both FR1 and FR2 measurements are configured. Therefore, it is preferrable to apply the same minimum distance between gap occasions, independent of FR.
Proposal 4a: Two measurement gap occasions are declared to be “colliding occasions” if the minimum distance between them, from the end of the first occasion to the start of the second occasion, is equal or less than 4 ms, regardless of which FR is measured on each occasion.
Proposal 4b: Support of colliding MG would be subject to additional UE capability.
Additionally, in our view, the applicability of the above definition of “colliding occasions” should be clarified. The definition should not apply between MGs of type per-FR1 and per-FR2.
Proposal 5: The definition of colliding measurement gap occasions applies only between
a. two per-FR1 gaps, or
b. two per-FR2 gaps, or
c. one per-UE gap and one per-FR (FR1 or FR2) gap.

Note that with the definition above (condition#1 and condition#2 with X=4 ms) there are cases in which collisions can occur between more than two gap occasions. For example, Figure 1 shows three different cases in which one gap instance from one MG (blue) collides with two instances from another MG (orange).
Observation 1: There are cases in which collisions can occur between more than two gap occasions.
Any rules introduced to handle collisions between MG occasions should be robust and able to address, without ambiguity, scenarios where one instance from one MG collides with multiple instances from another MG or with multiple instances from different MGs.
Observation 2: The rules for resolving collisions between MG occasions should be able to address, without ambiguity, scenarios where one instance from one MG collides with multiple instances from another MG or with multiple instances from different MGs (if more than two concurrent MGs are supported).


[bookmark: _Ref91950160]Figure 1: Examples of colliding MG occasions. In each case, one occasion from one MG (blue) collides with two occasions from the other MG.

In RAN4#101-e, the following options were discussed to resolve gap collisions [1]:
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





Between the two options above, option 1 is preferrable for simplicity and robustness. Robustness would be achieved by requiring that each concurrent MG is configured with a unique priority, so that collisions between any instances of any of the MG can be resolved unambiguously. i.e. it would be clear which gap instance is kept and which ones are dropped in each collision. It would enable the network to schedule data transfers with the UE during the dropped gap instances.
Option 5 does not offer any advantages over option 1 if only sharing ratios of 0% and 100% are supported. Whether more flexible sharing ratios can be supported would depend on the signalling introduced by RAN2. Furthermore, additional rules may be needed to be able to resolve collisions unambiguously. If collisions cannot be resolved unambiguously, data transfers cannot be scheduled during any gap occasions involved in a collision.
In our view, RAN4 should aim to simplify this feature of concurrent MG by limiting the number of overlapping configurations, if any, that may be supported and agree to simple rules to handle gap collisions.
We do not see a good motivation to support concurrent MG with the same MGRP when all gap instances overlap fully or partially.
Proposal 6: Support priority rule (option 1) to resolve collisions between concurrent MG instances. Each concurrent MG should be assigned a unique priority so that collisions can be resolved without ambiguity and data transfers can be scheduled during the dropped gap instances.
Note that with either option above to resolve gap collisions, for fully-overlapping (FO) and fully-partially-overlapping (FPO) concurrent gaps, all the gap instances from one of the configured MGs would be dropped. Since this is predictable based on MG configuration, it would be equivalent to configuring only one of the MGs.
Proposal 7: Do not introduce support FO or FPO concurrent MG in Rel 17.
MG overhead
In our view, the network should take into account MG overhead, i.e. the penalty of lost throughput, when configuring multiple concurrent gaps. Nonetheless, it may not be necessary to introduce a hard limit on MG overhead. It can be left up to the network to decide.
Observation 3: Calculating MG overhead would need to account for any rules for resolving gap collisions and per-FR vs. per-UE gaps.
Proposal 8: Do not introduce a hard limit on MG overhead. It would be up to the network to control MG overhead by choosing efficient MG configurations.


Measurement requirements
In RAN4#101-e the following agreement was reached about how to calculate CSSF for concurrent measurement gaps [1]:
CSSF calculation
· Agreement
· CSSF should be calculated separately for each gap and only the frequency layers sharing this gap should be counted in 
· Note: how to deal with overlapping concurrent MGs is up to Sub-topic 2-3


Regarding the note in the agreement above, we understand that CSSF within gap would need to account for longer measurement delay due to MG instances that are dropped when collisions occur. This can be achieved modifying the existing factor  (e.g. see TS 38.133, section 9.1.5.2.2) so that it accounts for MG instances that are dropped due to collisions. Currently,  only accounts for MG instances that are unavailable because there are used for “long-periodicity” measurements. Our proposal is to modify the definition of  to include also gap instances that are dropped due to MG collisions.

Proposal 9: Modify the definition of Ri for CSSFwithin_gap,i as follows: Ri is the maximal ratio of the number of measurement gap where measurement object i is a candidate to be measured over the number of measurement gap where measurement object i is a candidate and not used for a long-periodicity measurement defined above and not dropped due to measurement gap collisions.
For NR intra-frequency measurements without measurement gaps, when some SMTC instances ovelap with MG instances, the measurement delay is scaled by a factor Kp = 1/(1- (SMTC period /MGRP)), where SMTC period < MGRP. In general, that formula does not work when SMTC collides with multiple concurrent MGs. Figure 2 shows an example where SMTC collides with instances of two concurrent MGs. In the example, only one out of four SMTC occasions does not overlap with a measurement gap and Kp should be equal to 4. The existing formula for Kp does not work.


 
[bookmark: _Ref92009566]Figure 2: Example of intra-frequency SMTC period overlapping with concurrent MGs.

Proposal 10: Modify the definition of Kp for NR intra-frequency measurements without gaps as follows: Kp is the reciprocal of the fraction of SMTC occasions that do not overlap with measurement gaps.
For L1-RSRP measurements, a similar modification of the P scaling factor in TS 38.133 clauses 9.5/9.5A should be introduced to account for the fraction of SSB or CSI-RS occasions that overlap with concurrent MGs.
Proposal 11: Modify the definition of the P scaling factor for L1-RSRP measurements: P is the reciprocal of the fraction of SSB (or CSI-RS) occasions that do not overlap with measurement gaps.


Miscellaneous
In this section we address an open issue regarding UE measurement behavior when MG reconfiguration occurs. The options below were captured in the WF from RAN4#101-e [1].
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.


In our view, this issue is not specific to concurrent MGs. It is a general issue concerning transient UE behavior during a MG reconfiguration, regardless of the number of MGs configured before and after the transition. In our understanding, transient behavior is not currently specified when legacy MG is reconfigured. The same approach can be followed for concurrent MGs.
Proposal 12: No need to specify transient UE behavior when concurrent MGs are re-configured.


Discussion of reply LS to R2-2111472
RAN2 has sent a reply to LS R4-2115343 [2] to confirm their understanding of the operation of multiple concurrent MG. The LS reply included five questions from RAN2 and we will address them in this section.
[bookmark: _Hlk92206467]First, RAN4 should clarify the meaning of “frequency layer” for SSBs. In our understanding, SSBs belonging to the same frequency layer share the same center frequency and subcarrier spacing. i.e. SSBs in the same frequency layer satisfy the conditions for intra-frequency measurements. This should be clarified in the LS reply to RAN2.
The five questions from RAN2 are addressed below.
A draft reply LS in included in the Appendix.
Question 1: Can Rel-17 concurrent gaps be configured together with legacy gap? If ‘yes’, what would be the UE behavior?
It may be possible to configure a legacy gap together with a Rel-17 concurrent gap but RAN4 would need to discuss corresponding assumptions and UE behavior to define association of measurement objects to both types of gaps and handling of collisions, if any, between legacy MG instances and Rel-17 MG instances. From a configuration perspective, the main differences we can identify between the two types of gaps are
a. that measurement objects cannot be explicitly associated with a legacy MG, and
b. there is no explicit priority assigned to a legacy MG to resolve collisions.
RAN4 would need to define rules to determine implicit association and priority for legacy MG. Once those rules are in place, the UE behavior would be well defined and there would be no difference in UE behavior w.r.t. to the case where the UE is configured with an equivalent Rel-17 concurrent MG. i.e. there would not be any benefit to configuring a legacy MG vs. a Rel-17 concurrent MG.
[bookmark: _Hlk92206814]Question 2: How many concurrent gaps could be configured simultaneously?
RAN4 has sent additional information regarding this question in a follow-up LS to RAN2 [4]. RAN4 should respond by referring RAN2 to the latest LS.
Question 3: 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 has sent additional information regarding this question in a follow-up LS to RAN2 [4]. RAN4 should respond by referring RAN2 to the latest LS.
Question 4: Is the legacy gap sharing configuration (configured in MeasGapSharingConfig) applicable to Rel-17 concurrent gaps? If ‘yes’, could RAN4 clarify how this would work?
We understand that the network would want the same flexibility to specify the gap sharing scheme for Rel-17 concurrent gaps. Ideally, the network would have the flexibility to configure different gap sharing schemes for each MG. However, the existing RRC signalling is such that MeasGapSharingConfig is not contained within MeasGapConfig. Therefore, to enable configuring separate gap sharing schemes for each concurrent gap the signalling structure would have to be updated.
Regarding the question of how it would work, RAN4 has agreed that CSSF will be calculated separately for each concurrent MG, counting only the measurement objects assigned/associated with each gap. If there collisions any between gaps, they should be taken into account when calculating CSSF. This is still under discussion in RAN4.
Question 5: Could RAN4 help to clarify whether UTRAN-FDD measurement (configured in MeasObjectUTRA-FDD) is also applicable in concurrent gap operation?
RAN4 has sent additional information regarding this question in a follow-up LS to RAN2 [4]. RAN4 should respond by referring RAN2 to the latest LS.
Conclusions
Proposal 1: For UEs capable of per-FR gaps and multiple concurrent gaps, support simultaneous configuration of per-UE gap and per-FR gap when the per-UE gap is used for positioning measurements.
Proposal 2: Support a maximum of 3 concurrent MG across FRs. Specifically, support concurrent MG combinations in rows 0-4 in the table below. 
	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



Proposal 3: The UE should be able to signal which concurrent MG configurations it supports from the table above as part of the UE capability.
Proposal 4a: Two measurement gap occasions are declared to be “colliding occasions” if the minimum distance between them, from the end of the first occasion to the start of the second occasion, is equal or less than 4 ms, regardless of which FR is measured on each occasion.
Proposal 4b: Support of colliding MG would be subject to additional UE capability.
Proposal 5: The definition of colliding measurement gap occasions applies only between
a. two per-FR1 gaps, or
b. two per-FR2 gaps, or
c. one per-UE gap and one per-FR (FR1 or FR2) gap.

Observation 1: There are cases in which collisions can occur between more than two gap occasions.
Observation 2: The rules for resolving collisions between MG occasions should be able to address, without ambiguity, scenarios where one instance from one MG collides with multiple instances from another MG or with multiple instances from different MGs (if more than two concurrent MGs are supported).
Proposal 6: Support priority rule (option 1) to resolve collisions between concurrent MG instances. Each concurrent MG should be assigned a unique priority so that collisions can be resolved without ambiguity and data transfers can be scheduled during the dropped gap instances.
Proposal 7: Do not introduce support FO or FPO concurrent MG in Rel 17.
Observation 3: Calculating MG overhead would need to account for any rules for resolving gap collisions and per-FR vs. per-UE gaps.
Proposal 8: Do not introduce a hard limit on MG overhead. It would be up to the network to control MG overhead by choosing efficient MG configurations.
Proposal 9: Modify the definition of Ri for CSSFwithin_gap,i as follows: Ri is the maximal ratio of the number of measurement gap where measurement object i is a candidate to be measured over the number of measurement gap where measurement object i is a candidate and not used for a long-periodicity measurement defined above and not dropped due to measurement gap collisions.
Proposal 10: Modify the definition of Kp for NR intra-frequency measurements without gaps as follows: Kp is the reciprocal of the fraction of SMTC occasions that do not overlap with measurement gaps.
Proposal 11: Modify the definition of the P scaling factor for L1-RSRP measurements: P is the reciprocal of the fraction of SSB (or CSI-RS) occasions that do not overlap with measurement gaps.
Proposal 12: No need to specify transient UE behavior when concurrent MGs are re-configured.
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1. Overall Description:
RAN4 would like to thank RAN2 for its Reply LS on R17 NR MG enhancements – Concurrent MG, R2-2111472. RAN4 has the following clarifications and responses to the questions contained in the LS reply.
First, RAN4 would like to clarify the meaning of “frequency layer” for SSBs. In our understanding, SSBs belonging to the same frequency layer share the same center frequency and subcarrier spacing. i.e. SSBs in the same frequency layer satisfy the conditions for intra-frequency measurements.
Question 1: Can Rel-17 concurrent gaps be configured together with legacy gap? If ‘yes’, what would be the UE behavior?
Response from RAN4:
It may be possible to configure a legacy gap together with a Rel-17 concurrent gap, however RAN4 does not anticipate any benefit of configuring a legacy gap vs. an equivalent Rel-17 concurrent gap.
From a configuration perspective, the main differences RAN4 can identify between the two types of gaps are
a. that measurement objects cannot be explicitly associated with a legacy MG, and
b. there is no explicit priority assigned to a legacy MG to resolve collisions.
RAN4 would need to define rules to determine implicit association and priority for legacy MG. Once those rules are in place, the UE behavior would be well defined and there would be no difference in UE behavior w.r.t. to the case where the UE is configured with an equivalent Rel-17 concurrent MG.
Question 2: How many concurrent gaps could be configured simultaneously?
Response from RAN4:
RAN4 has sent additional information regarding this question in a follow-up LS to RAN2. RAN4 kindly requests that RAN2 refer to LS R4-2120304.
Question 3: 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)?
Response from RAN4:
RAN4 has sent additional information regarding this question in a follow-up LS to RAN2. RAN4 kindly requests that RAN2 refer to LS R4-2120304.
Question 4: Is the legacy gap sharing configuration (configured in MeasGapSharingConfig) applicable to Rel-17 concurrent gaps? If ‘yes’, could RAN4 clarify how this would work?
Response from RAN4:
RAN4 understands that the network would benefit from having the flexibility to specify and select a gap sharing scheme for Rel-17 concurrent gaps, as with legacy gaps. Ideally, the network would have the flexibility to configure different gap sharing schemes for each MG. To enable configuring separate gap sharing schemes for each concurrent gap, RAN4 kindly requests RAN2 to consider upgrading the signalling structure.
Regarding the question of how it would work, RAN4 has agreed that CSSF will be calculated separately for each concurrent MG, counting only the measurement objects assigned/associated with each gap. The gap sharing scheme signalled for each gap would be applied to the corresponding CSSF calculation. Additionally, if there are collisions any between gaps, they should be accounted for when calculating CSSF. This issue is still under discussion in RAN4.
Question 5: Could RAN4 help to clarify whether UTRAN-FDD measurement (configured in MeasObjectUTRA-FDD) is also applicable in concurrent gap operation?
Response from RAN4:
RAN4 has sent additional information regarding this question in a follow-up LS to RAN2. RAN4 kindly requests that RAN2 refer to LS R4-2120304.

RAN4 respectfully asks RAN2 to take the above information into account and define corresponding procedure and signalling support for concurrent MGs. 
As the discussion for concurrent MGs design is still on-going in RAN4, RAN4 may provide further updates when conclusions are reached.

2. Actions:
To RAN2:
RAN4 respectfully asks RAN2 to take the above information into account when defining corresponding procedures and signalling to support Rel-17 concurrent MGs.

3. Date of Next TSG-RAN4 Meetings:
TSG RAN WG4 Meeting #102-e			21 February – 3 March, 2022, Electronic Meeting
TSG RAN WG4 Meeting #103-e			16 May – 27 May, 2022, Electronic Meeting
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