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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]RAN4 finalized the core part requirement of concurrent gaps in RAN4#102e meeting. Therefore, in this paper we discuss the expected test case scope for concurrent gaps.
2 Discussion 
As RAN2 only introduces the corresponding RRC signal for NR-SA, the test cases should also be limited to NR-SA, i.e., Section A.6 and A.7.
[bookmark: _Ref101207104]Proposal 1: The concurrent gap test cases should also be limited to NR-SA, i.e., Section A.6 and A.7, while Section A.3 can also be updated to capture new configurations if needed. 

Before discussing the detail scope, it is important to look at the WI summary [1]. We copied and pasted the part related to concurrent gaps as below.
	1) Multiple concurrent and independent MG patterns
· Introduced multiple gap configurations and corresponding UE capability 
· Introduced a mandatory association between gap and dedicated use cases (e,g., PRS, SSB, CSI-RS, EUTRA) by indicting a gap ID in the measurement objective or MG configuration (for PRS only). So that UE’s measurement behaviour is well-defined, because UE is only required to perform the measurement associated to the gap during that gap occasion.
· Introduced the maximum supported concurrent gap patterns for per-FR gap incapable/capable UEs. 
· For per-FR gap incapable UE, up to 2 concurrent gap patterns can be configured.
· For per-FR gap capable UE, up to 3 concurrent gap patterns can be configured, which up to 2 gaps in one FR.
· Introduced a definition for the proximity condition of colliding gap occasions. Upon colliding, UE drops the gap with a lower priority level which is configured by network. Data scheduling is resumed on dropped gap occasion.
· Updated the corresponding UE requirements regarding gap interruption, measurement delay and L1 measurement impact.


In our view, the test case scope should target to cover the following functionalities.
· Multiple gap configurations
· Gap association
· Gap collision handling
· Identifying colliding gap occasions, 
· Following the priority levels 
· Resuming data transmission/reception on dropped gap occasions.
· Updated UE measurement requirements, e.g., how samples are punctured by concurrent gap for intra-freq and L1 measurement. 
[bookmark: _Ref101207101][bookmark: _Ref101281456]Observation 1: The test case scope for concurrent gap should target to cover the following 3 main functionalities: 1) Multiple gap configurations, 2) Gap association, 3) Gap collision handling and updated UE measurement requirements

One thing we need to be careful is whether to test maximum 3 concurrent gaps. According to RAN4 agreement in [2], this requires configuring per-FR1 gap and per-FR2 gap simultaneously, as shown in below table. However, according to previous RAN4 discussion, it may not be feasible to test FR1 and FR2 simultaneously in a single test case due to current TE limitation. Following this understanding, we suggest not introducing test cases for maximum 3 concurrent gaps.
	Index
	# of simultaneous MG

	
	Per-FR1
	Per-FR2
	Per-UE

	0
	2
	1
	0

	1
	1
	2
	0

	5
	1
	1
	1


[bookmark: _Ref101281464]Proposal 2: Do not introduce test cases for maximum 3 concurrent gaps (which involve both FR1 and FR2).

We believe inter-frequency measurement test cases are needed. With a proper configuration of the gap periodicities and offsets, multiple functionalities can be verified simultaneously. One example is provided in Figure 1. Gap#1 and Gap#2 are partially partial overlapped, and a higher priority level is assigned to Gap#2. UE must drop Gap#1 upon colliding. The measurement delay w.r.t. Gap#1 is doubled, while the measurement delay w.r.t Gap#2 should not be affected by Gap#1. Furthermore, by continuously scheduling PDSCH on every slot, we can also check whether UE resumes data transmission/reception on the dropped occasions of Gap#1.
[image: ]
[bookmark: _Ref101268660]Figure 1. One example configuration to verify multiple functionalities in one inter-frequency L3 measurement test cases

On the detail of inter-frequency measurement test case list, we do not think extending every Rel-15 test case is needed. The Rel-15 test case list for inter-frequency measurement is like below: 
· w/o SBI, non-DRX, same FR
· w/o SBI, DRX,          same FR
· w/ SBI,   non-DRX,  same FR
· w/ SBI,   DRX,          same FR
· w/o SBI, non-DRX, diff FR
· w/o SBI, DRX,         diff FR
· w/ SBI,   non-DRX, diff FR
· w/ SBI,   DRX,          diff FR
Firstly, the test cases can be limited to non-DRX. DRX provides UE a very long off time for any inter-frequency measurement. UE actually does not need to follow the gap configuration to conduct inter-frequency measurement, not to mention the priority rule or even collision handling. Therefore, there is no point to introduce test cases under DRX.
Secondly, the test cases can be limited to without SBI reporting. Here what we care is the UE behavior to follow the priority and to resume data TX/Rx. The difference between with and without SBI reporting is about shorter or longer overall measurement delay for UE to report, which has nothing to do with the concurrent gap. Between with and without SBI reporting, we slightly prefer without SBI due to shorter testing time.
[bookmark: _Ref101281466]Proposal 3: Introduce inter-frequency measurement test cases under non-DRX with PPO configuration and without SBI reporting.

In Rel-15, the RAN4 already introduced a P factor to extend the measurement delay (or period) for intra-frequency L3 measurements without gap (or L1 measurements). In concurrent gap, with up to 2 gaps patterns, more complicated requirements were introduced. Therefore, it is important to check whether UE follows the new requirements. 
We suggest introducing test cases for L1 measurement. Furthermore, UE can do L1 and L3 measurement at the same time in FR1. If UE can pass the new test case for L1 measurement in FR1, we see no problem to pass any test cases for L3 intra-frequency measurement without gap. 
Regarding the L1 measurement, there are RLM, BFD&LR, L1-RSRP and L1-SINR test cases. We do not think RAN4 needs to introduce concurrent gap test cases for all of them. In our understanding, what we care is whether UE can handle the punctured samples for measurement according to the core requirements. It does not really matter whether the L1 measurement is for RLM, BFD, CBD, L1-RSRP and L1-SINR. Therefore, we think it suffices to only introduce RLM test case.
We can properly configure the offsets and periodicities of the 2 measurement gaps to verify UE’s behaviour. One example is provided in Figure 2. After considering both Gap#1 and Gap#2, UE has a kind of non-uniform samples in the time domain for RLM measurement. 
[image: ]
[bookmark: _Ref101280220]Figure 2. One example configuration for RLM test cases

On the detail of RLM test case list, we do not think we need to extend every Rel-15 test case. The Rel-15 test case list for RLM is like below: 
· OOS, SSB,     non-DRX
· INS,   SSB,     non-DRX
· OOS, SSB,     DRX
· INS,   SSB,     DRX
· OOS, CSI-RS, non-DRX
· INS,   CSI-RS, non-DRX
· OOS, CSI-RS, DRX
· INS,   CSI-RS, DRX
· Scheduling restriction in FR2
Like what we discussed above, DRX should not be considered. In addition, we think there is no need to introduce test cases for both SSB based and CSI-RS based RLM, because the UE behaviour we care is how UE handle the additional punctured samples by concurrent gap, not the RS type that UE has to do the measurement. 
[bookmark: _Ref101281469]Proposal 4: Introducing SSB-based RLM test case under non-DRX to verify UE’s behaviour under concurrent gap configurations.

3 Conclusion
In the contribution, we provided our view on the test case scope for concurrent gaps. We have the following observations and proposals:
Observation 1: The test case scope for concurrent gap should target to cover the following 3 main functionalities: 1) Multiple gap configurations, 2) Gap association, 3) Gap collision handling and updated UE measurement requirements
Proposal 1: The concurrent gap test cases should also be limited to NR-SA, i.e., Section A.6 and A.7, while Section A.3 can also be updated to capture new configurations if needed.
Proposal 2: Do not introduce test cases for maximum 3 concurrent gaps (which involve both FR1 and FR2).
Proposal 3: Introduce inter-frequency measurement test cases under non-DRX with PPO configuration and without SBI reporting.
Proposal 4: Introducing SSB-based RLM test case under non-DRX to verify UE’s behaviour under concurrent gap configurations.
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