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1. Introduction
At RAN 90 meeting one WI related to Rel-17 RRM gap enhancement was agreed at [1], three topics were provided. The objective of multiple concurrent and independent MG patterns is copied here for information:
Multiple concurrent and independent MG patterns [RAN4, RAN2]

· RRM requirements for concurrent and independent MG patterns [RAN4] 

· Define requirements for UE maximum number of concurrent and independent MG patterns active at any time

· Specification of requirements for multiple concurrent and independent MG patterns (MGL, MGRP) 

· Specification of requirements and UE behavior for proximity of MG instances in time, priority, and partial or full overlap of MG instances 

· Define the corresponding measurement requirements

· Specification of applicability of multiple concurrent and independent gap patterns [RAN4] 

· Procedures and signaling for simultaneous RRC (re-)configuration of one or more gap patterns [RAN2] 

· Specification of protocol impacts for multiple concurrent and independent MG patterns based on RAN4 input

The multiple concurrent and independent gaps has been discussed for a few meetings. In this contribution, we provide our further considerations on remaining issues regarding this topic.
2. Discussion
2.1 Applicability and configurations
The following agreements in this section were achieved at RAN4 101e meeting:

· Agreement

· PRS measurement for positioning including all positioning frequency layers is associated with only one of the concurrent gaps 

· It is up to network whether to associate a concurrent gap only to PRS measurement

· 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.

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

The issue has been discussed for a few meetings. Firstly from the implementation point of view, how to perform the measurement at the UE side is clear providing the association between gaps and (LTE) MOs are provided. From the user case point of view, it could be argued that the scenario is not a typical case for this WI however the implementation difficulty is also not foreseen. Based on above analysis, option 4 could be a feasible way to move forward.  
Proposal 1: Whether concurrent gaps are allowed in the case when only E-UTRAN measurement objectives are configured depends on UE capability, i.e., option 4. 
2.2 UE capability related issues
The following agreements in this section were achieved at RAN4 101e meeting:

· Agreement

· Support the 2 additional combinations (Index 11 and Index 12)

	Index
	# of simultaneous MG

	
	Per-FR1
	Per-FR2
	Per-UE

	11
	2
	0
	0

	12
	0
	2
	0


· It is RAN4’s understanding that GP#24 and #25 are only used as per-UE gap. No change of this conclusion is expected in this WI.

· Besides the potential outcome of UE capability, applicability of existing MG patterns, and overhead cap discussions, no additional configuration limitations or restrictions regarding which of the GPs supported by the UE that can be configured as concurrent gap.

· Whether to allow simultaneous configuring per-UE gap and per-FR gap for per-FR gap capable UEs 
· 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.

Regarding whether to allow simultaneous configuring per-UE gap and per-FR gap, for the multiple concurrent gap design, actually the user case identified for this topic is the PRS measurement which is clearly indicated at option 2a. Hence we support option 2a, if option 2a is not agreeable then we prefer option 1 considering the time frame of this WI.  
Proposal 2: Use option 2a for whether allow simultaneous configuring per-UE gap and per-FR gap for per-FR gap capable UEs issue. If option 2a is not agreeable we prefer option 1.
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

The max number of supported concurrent gaps across all FRs are still open. Considering 2 gap patterns has already been agreed for per FR noncapable UE. For per FR capable UE, each FR could be seen as an independent area where the gap configuration are not impacted by the other FRs. From that point of view, the max number of gaps across all FRs and UE could be 4. 
Proposal 3: For the scenario where only per-FR is configured, the max number of gaps across all FRs could be 4. 

2.3 Overlapping issues

· Agreements 

· 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
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

For this question, our consideration is the mechanism should have consistent design principles across all these overlapping scenarios. When two gaps collide, no matter they are fully collide or only part of one gap collides with another gap, rules (either dropping, cancellation or other name) should be designed to ensure only one gap is effective among all colliding gaps. Otherwise it is difficult to define performance requirements if more than one colliding gaps are effective. After the discussion of RAN4 101 meeting, option 1 and 5 are left, since at Rel-17 only sharing ratios 0% and 100% will be considered, option 1 and 5 are identical from physical mechanism point of view and we suggest to consider both of them on signalling design.
Proposal 4: Consider both option 1 and option 5 for UE behavior during colliding gap occasion.
Issue 2-3-3: Company preference on introducing FO, FPO, PFO, PPO scenarios

· Postpone this decision to next meeting

· Whether to define requirement for FO case

[image: image1.emf]
For this case, we think at least the right hand side scenario in the figure should be supported. For that case, it is possible that gap pattern 1 is used for MO1 and gap pattern 2 is used for MO2. MO1 and MO2 have different priority and one of MO can be measured with a small gap and the other one should be measured with a large gap. Under this scenario using FO case with a suitable rule for colliding gap occasions, benefit of introducing multiple concurrent gap can still exists hence we support option 1. 

Proposal 5:  For the FO case, support option 1, i.e., defining requirements, at least for the right hand side scenario in the figure. FPO, PFO, PPO should be introduced.
2.4 Overhead issue

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 

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: [image: image3.png]<1+ threshold(K)





· 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

As we suggested for a few meetings, we prefer the overhead cap is defined. Option 3 could also be considered for compromise. For the method on how to define the overhead cap, in principle Rel-15/16 max overhead can be used. 
Proposal 6:  Suggest to define the overhead cap, i.e., option 1. Ok with option 3. For the method on how to define the overhead cap, in principle Rel-15/16 max overhead can be used, i.e., option 1.
2.5 Measurement requirements
· Agreements 

· Measurements for different frequency layers but with the same reference signal can be associated to different concurrent MGs

· 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
Issue 2-5-3: Measurement delay outside gap
For this topic, the measurement delay for a measurement object, at least fully outside gap, is similar to L1 measurement and the principles for L1 measurement can be reused here. 

Proposal 7:  for the delay requirement outside gap, principle for L1 measurement could be reused.
Issue 2-5-4: Measurement delay within gap

For the measurement delay within gap, in Rel-15/Rel-16, what has been considered is multiple MOs share 1 measurement gap and this is what the corresponding requirements is based on. In multiple concurrent measurement gap WI, what needs be considered is multiple MOs shares N measurement gaps (N≥1). At RAN4 100 meeting the agreements are: 1. Each frequency layer can be associated with only one MG; 2.One MG can be associated with multiple frequency layers of the same or different use cases, while one frequency layer can only be associated to a single MG. Based on all these requirements using 2 per UE measurement gap as an example, we could have the scenario where gap 1 is associated with N MOs and gap 2 is associated with M MOs. However, no matter the number of objects associated with a particular measurement gap, this scenario is covered by the current requirement framework where 1 gap is shared by multiple MOs. 
Observation 1: for the scenario where one particular concurrent gap associated with N MOs, this scenario is covered by the current requirement framework.  
The issue needs be solved is how to define requirements when multiple gaps coexist and each gap is associated with one or a few MOs. We suggest to define multiple CSSFinter,i, i.e., from CSSFinter,1 to CSSFinter, N where N is the total number of concurrent gaps allocated per UE or per FR. Then the measurement delay requirements of a particular MO could be based on the new introduced CSSFinter,i and the legacy framework where MGRP, SMTC period, DRX cycle are jointly considered. Whether the MGRP here is impacted by the overlapping issue could be FFS. 
Proposal 8: Suggest to define multiple CSSFinter,i, i.e., from CSSFinter,1 to CSSFinter, N where N is the total number of concurrent gaps allocated per UE or per FR. 
Proposal 9: The measurement delay requirements of a particular MO could be based on the new introduced CSSFinter,i and the legacy framework where MGRP, SMTC period, DRX cycle are jointly considered. Whether the MGRP here is impacted by the overlapping issue could be FFS.
2.6 Impact on other L1 measurements
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.

One issue is a few measurement requirements depends on the MGRP value, for example for measurements related to serving cells such as RLM (requirements are copied from [3] below for convenience), the value of P in the following table depends on MGRP value. When multiple and concurrent MGs are configured, different MG may have different MGRP value or even different MGs have the same MGRP value, the actually MGRP value seen by a UE for RLM is still different. 
We suggest to investigate how to define a suitable MGRP when multiple measurement gaps are configured for related measurements such as RLM. 
Table 8.1.2.2-1: Evaluation period TEvaluate_out_SSB and TEvaluate_in_SSB for FR1

	Configuration
	TEvaluate_out_SSB (ms) 
	TEvaluate_in_SSB (ms) 

	no DRX
	Max(200, Ceil(10 ( P) ( TSSB)
	Max(100, Ceil(5 ( P) ( TSSB)

	DRX cycle≤320ms
	Max(200, Ceil(15 ( P) ( Max(TDRX,TSSB))
	Max(100, Ceil(7.5 ( P) ( Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10 ( P) ( TDRX
	Ceil(5 ( P) ( TDRX

	NOTE:
TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.


Table 8.1.2.2-2: Evaluation period TEvaluate_out_SSB and TEvaluate_in_SSB for FR2

	Configuration
	TEvaluate_out_SSB (ms) 
	TEvaluate_in_SSB (ms) 

	no DRX
	Max(200, Ceil(10 ( P ( N) ( TSSB)
	Max(100, Ceil(5 ( P ( N) ( TSSB)

	DRX cycle≤320ms
	Max(200, Ceil(15 ( P ( N) ( Max(TDRX,TSSB))
	Max(100, Ceil(7.5 ( P ( N) ( Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10 ( P ( N) ( TDRX
	Ceil(5 ( P ( N) ( TDRX

	NOTE:
TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.


Proposal 10: Investigate how to define a suitable MGRP when multiple measurement gaps are configured for related measurement performance requirements such as RLM.
2.7 Reply for LS from RAN2
One LS was sent from RAN2 and a draft reply LS is attached in this document. Answers in the draft LS are copied below:
Proposal 11: suggest to consider the following answers for the LS from RAN2: 
Answers for Q1: RAN4 does not identify the necessity where concurrent gaps are configured together with a legacy gap.

Answers for Q2: For the max number of concurrent gap across all FRs for per-FR gap capable UEs, the total number of concurrent gaps are [4].
Answers for Q3: The only case identified by RAN4 where concurrent gaps are configured with different gap types is when simultaneous configuring per-UE gap and per-FR gap is only allowed when the per-UE gap is associated to PRS measurement.
Answers for Q4: The legacy gap sharing configuration (configured in MeasGapSharingConfig) is applicable to each individual gap among Rel-17 concurrent gaps. For each individual gap among concurrent gaps, the principles on how gap sharing configuration works should follow the legacy principles defined in Rel-15/16. 
Answers for Q5: RAN4 clarifies that UTRAN-FDD measurement (configured in MeasObjectUTRA-FDD) is not applicable in concurrent gap operation. 
3. Conclusion
In this contribution, we provide our considerations for the concurrent and multiple gaps design and have the following proposals:
Observation 1: for the scenario where one particular concurrent gap associated with N MOs, this scenario is covered by the current requirement framework. 
Proposal 1: Whether concurrent gaps are allowed in the case when only E-UTRAN measurement objectives are configured depends on UE capability, i.e., option 4. 
Proposal 2: Use option 2a for whether allow simultaneous configuring per-UE gap and per-FR gap for per-FR gap capable UEs issue. If option 2a is not agreeable we prefer option 1.
Proposal 3: For the scenario where only per-FR is configured, the max number of gaps across all FRs could be 4.
Proposal 4: Consider both option 1 and option 5 for UE behavior during colliding gap occasion.
Proposal 5: For the FO case, support option 1, i.e., defining requirements, at least for the right hand side scenario in the figure. FPO, PFO, PPO should be introduced.
Proposal 6: Suggest to define the overhead cap, i.e., option 1. Ok with option 3. For the method on how to define the overhead cap, in principle Rel-15/16 max overhead can be used, i.e., option 1.
Proposal 7: for the delay requirement outside gap, principle for L1 measurement could be reused.
Proposal 8: Suggest to define multiple CSSFinter,i, i.e., from CSSFinter,1 to CSSFinter, N where N is the total number of concurrent gaps allocated per UE or per FR. 
Proposal 9: The measurement delay requirements of a particular MO could be based on the new introduced CSSFinter,i and the legacy framework where MGRP, SMTC period, DRX cycle are jointly considered. Whether the MGRP here is impacted by the overlapping issue could be FFS.
Proposal 10: Investigate how to define a suitable MGRP when multiple measurement gaps are configured for related measurement performance requirements such as RLM.
Proposal 11: suggest to consider the following answers for the LS from RAN2: 
Answers for Q1: RAN4 does not identify the necessity where concurrent gaps are configured together with a legacy gap.

Answers for Q2: For the max number of concurrent gap across all FRs for per-FR gap capable UEs, the total number of concurrent gaps are [4].
Answers for Q3: The only case identified by RAN4 where concurrent gaps are configured with different gap types is when simultaneous configuring per-UE gap and per-FR gap is only allowed when the per-UE gap is associated to PRS measurement.
Answers for Q4: The legacy gap sharing configuration (configured in MeasGapSharingConfig) is applicable to each individual gap among Rel-17 concurrent gaps. For each individual gap among concurrent gaps, the principles on how gap sharing configuration works should follow the legacy principles defined in Rel-15/16. 
Answers for Q5: RAN4 clarifies that UTRAN-FDD measurement (configured in MeasObjectUTRA-FDD) is not applicable in concurrent gap operation. 
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1. Overall Description:
RAN4 thanks RAN2 for the reply LS on pre-configured MG. Following discussion RAN4 has 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. 

Answer: RAN4 confirms that the above understandings are correct.
Q1 – Can Rel-17 concurrent gaps be configured together with legacy gap? If ‘yes’, what would be the UE behavior?
Answer: RAN4 does not identify the necessity where concurrent gaps are configured together with a legacy gap.

Q2 – How many concurrent gaps could be configured simultaneously?
Answer: Some parts of answers for this question has already been included in RAN4’s LS R4-2120304. For the max number of concurrent gap across all FRs for per-FR gap capable UEs, the total number of concurrent gaps are [4].
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)? 

Answer: The only case identified by RAN4 where concurrent gaps are configured with different gap types is when simultaneous configuring per-UE gap and per-FR gap is only allowed when the per-UE gap is associated to PRS measurement.
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?

Answer: The legacy gap sharing configuration (configured in MeasGapSharingConfig) is applicable to each individual gap among Rel-17 concurrent gaps. For each individual gap among concurrent gaps, the principles on how gap sharing configuration works should follow the legacy principles defined in Rel-15/16. 
Q5 – Could RAN4 help to clarify whether UTRAN-FDD measurement (configured in MeasObjectUTRA-FDD) is also applicable in concurrent gap operation?

Answer: RAN4 clarifies that UTRAN-FDD measurement (configured in MeasObjectUTRA-FDD) is not applicable in concurrent gap operation. 
RAN4 respectfully asks RAN2 to take the above information into account when defining the signalling support for configuration of multiple and concurrent MG. 

2. Actions:

To RAN2:

RAN4 respectfully asks RAN2 to take the above information into account when defining the signalling support for configuration of multiple and concurrent MG. 

3. Date of Next TSG-RAN4 Meetings:

TSG-RAN4 Meeting #102-e

  
    21 Feb.  – 03 March, 2022, Electronic Meeting

TSG-RAN4 Meeting #103-e

  
    16 May.  – 27 May, 2022, Electronic Meeting
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