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[bookmark: _Toc116995841]Introduction
RAN4 has been working on defining UE requirements for the MUSIM gaps introduced in Rel-17. Work has progressed and the core requirements are now mostly concluded. In last meeting RAN4 initiated the discussion concerning which test cases to be introduced to ensure that the UE supporting MUSIM gaps fulfills the defined requirements.
Some agreements were reached concerning 3 test cases while others were left FFS. Additionally, RAN4 did not conclude on any test cases covering the keep solution.

[bookmark: _Toc116995842]Discussion
Discussion on test cases for NR_DualTxRx_MUSIM
RAN4 has reached agreements related to the MUSIM Core requirements. To verify the defined requirements and UE behaviour there is a need to define a suitable set of test cases such that the main core requirements are tested. In the RAN4#110 meeting RAN4 agreed following table in [4]:
	No.
	Test case
	Comments

	0.  
	Inter-frequency event triggered reporting, 1 Type-2 gap + 1 periodic MUSIM gap, with partially partial overlapping among all configured gaps, MUSIM gap has lower priority, priority based solution, SSB-based measurements, FR1.
	 

	[2]
	Inter-frequency event triggered reporting, 1 Type-2 gap + 1 periodic MUSIM gap, with partially partial overlapping among all configured gaps, MUSIM gap has lower priority, priority based solution, SSB-based measurements, FR2
	FFS on whether to have it

	[3]
	Inter-frequency event triggered reporting, 1 Type-2 gap + 1 periodic MUSIM gap, with partially partial overlapping among all configured gaps, MUSIM gap has higher priority, priority based solution, SSB-based measurements, FR1
	FFS on whether to have it

	[4]
	Inter-frequency event triggered reporting, 1 Type-2 gap + 1 periodic MUSIM gap, with partially partial overlapping among all configured gaps, MUSIM gap has higher priority, priority based solution, SSB-based measurements, FR2
	FFS on whether to have it

	5
	Inter-frequency event triggered reporting, 1 Type-1 gap + 1 periodic MUSIM gap, with partially partial overlapping among all configured gaps, [FFS on MUSIM gap has the shorter or longer MGRP],  SSB-based measurements, FR1
	 

	[6]
	Inter-frequency event triggered reporting, 1 Type-1 gap + 1 periodic MUSIM gap, with partially partial overlapping among all configured gaps, MUSIM gap has the shorter MGRP,  SSB-based measurements, FR2
	FFS on whether to have it

	7
	Intra-frequency event triggered reporting, 1 periodic MUSIM gap, SMTC partially partial overlaps with MUSIM gaps, SSB-based measurements, FR1
	 



Hence, test cases 1, 5 and 7 are agreed to be introduced while others are FFS.

In general, we see that the agreed test cases do represent suitable test coverage except FR2 is not included in any of the test cases. In last meeting RAN4 did agree following regarding the test case setup:
1. Scenario:             
0. Only define test cases for NR SA scenario for FR1 and FR2 (vivo Ericsson)
We think RAN4 should introduce at least 1 MUSIM test case including FR2.

[bookmark: _Hlk163296718]Introduce at least one MUSIM test case covering FR2.
Such test case can be based on Per-UE measurement gaps and in at least one test case we believe Type-1 measurements gaps shall be used as we see type-1 measurement gaps being the common case in the field for some time to come. Hence, we support introduction of test case 6.

RAN4 to introduce test case 6.
As RAN4 decided not to define any requirements for NW-B it is not possible to define any tests related to actions performed during any allocated MUSM gaps. Additionally, it is not defined exactly what the MUSIM gaps are used for except that they are assumed used by the UE for MUSIM operations. 

Hence, what RAN4 can test is that the UE handles MUSIM gaps according to the defined RAN4 requirements. RAN4 has defined following solutions for handling of MUSIM gaps:
1) Keep solution:
· UE shall keep all configured MUSIM gaps even if colliding.
· Collision handling for keep solution with Type-2 gaps have been defined.
2) Priority based solution:
· [bookmark: _Hlk159162039]UE shall apply the assigned priority and drop colliding gap of lower priority.
· Priority handling has been defined for:
· Collisions between MUSIM gaps.
· Collisions between Type-2 gaps and MUSIM gaps.
3) Collision between MUSIM gap and any measurement gap without assigned priority:
· UE shall keep the gap occasion with longer MGRP and the gap occasion with shorter MGRP will be dropped.

With the currently agreed test cases, RAN4 test cases to some extend cover testing of the priority based solutions. This includes tests including both measurements gaps with priority (Type-2) and without priority (Type-1). 

However, there is a need also to define test cases, testing the defined RAN4 requirements for MUSIM keep solution. 
For this purpose, we suggest following test cases:
1) For a UE supporting keep-solution:
a. UE is allocated MUSIM gaps with priorities and keep-solution. 
b. UE is allocated measurement gaps with priorities. 
i. UE requested keep-solution is granted by the network. 
1. One or more or all the MUSIM gaps overlap with the measurement gaps. 
2. Tester tests that UE can send measurement report according to requirements accounting the defined priority and collision rules when keep-solution is in use.
ii. UE requested keep-solution is not granted by the network. 
1. One or more or all the MUSIM gaps overlap with the measurement gaps. 
2. Tester tests that UE can send measurement report according to requirements accounting the defined priority and collision rules.

Based on this we suggest:
Define test cases, for a UE supporting MUSIM gap keep-solution, verifying correct handling of keep solution between measurement gaps and MUSIM gaps. Test with Type-1 and Type-2 measurement gaps.
More concrete the test cases could be:
TC4: Type-2 measurement gaps + MUSIM gaps with priority, NW-A inter-frequency measurements, keep solution is requested and granted, one or more of the MUSIM gaps overlap with the measurement gaps.
TC5: Type-1 measurement gaps + MUSIM gaps with priority, NW-A inter-frequency measurements, keep solution is requested and granted, one or more of the MUSIM gaps overlap with the measurement gaps.
TC6: Type-2 measurement gaps + MUSIM gaps with priority, NW-A inter-frequency measurements, keep solution is requested but not granted, one or more of the MUSIM gaps overlap with the measurement gaps.
TC7: Type-1 measurement gaps + MUSIM gaps with priority, NW-A inter-frequency measurements, keep solution is requested but not granted, one or more of the MUSIM gaps overlap with the measurement gaps.

Hence, define at least following test cases:
Introduce TC4: Type-2 measurement gaps + MUSIM gaps with priority, NW-A inter-frequency measurements, keep solution is requested and granted, one or more of the MUSIM gaps overlap with the measurement gaps.
Introduce TC5: Type-1 measurement gaps + MUSIM gaps with priority, NW-A inter-frequency measurements, keep solution is requested and granted, one or more of the MUSIM gaps overlap with the measurement gaps.
Introduce TC6: Type-2 measurement gaps + MUSIM gaps with priority, NW-A inter-frequency measurements, keep solution is requested but not granted, one or more of the MUSIM gaps overlap with the measurement gaps.
Introduce TC7: Type-1 measurement gaps + MUSIM gaps with priority, NW-A inter-frequency measurements, keep solution is requested but not granted, one or more of the MUSIM gaps overlap with the measurement gaps.
There would then need to define tests covering both FR1 and FR2.

RAN4 has not been able to agree on any mandatory MUSIM gap patterns. Therefore, it seems challenging to define any explicit MUSIM gap pattern(s) to be used in the test cases. Based on this RAN4 agreed to go forward with the assumption:
RAN4 starts performance work based on the assumption that MUSIM gaps requested by UE can be configured by TE. Meanwhile, check the testability considering the following aspects

Hence, the test case outcome must account for the fact that the DUT can request any of the defined MUSIM gaps.
Test case outcome must account that the DUT can request (and allocated with) any of the defined MUSIM gaps.

As mentioned earlier, in RAN4#109, RAN4 decided not to define any requirements for NW-B. This means that there is no impact from network not being able to allocate all the MUSIM gaps requested by the UE. However, even if UE is only allocated a subset of the requested MUSIM gaps, the UE is required to fulfill the defined requirements for when MUSIM gaps are allocated. Therefore, it must be tested that a UE requesting multiple MUSIM gaps but is only allocated a subset of the requested MUSIM gaps, fulfill the defined requirements. 

Test a UE requesting multiple MUSIM gaps but is allocated a subset of the requested MUSIM gaps, fulfill the defined MUSIM gap requirements.

For this purpose, we suggest using agreed test case 5 as baseline with the change that UE requests 2 MUSIM gaps and is only allocated one MUSIM of the 2 requested MUSIM gaps:

TC8: Inter-frequency event triggered reporting, 1 Type-1 gap + 2 periodic MUSIM gap are requested, one periodic MUSIM is allocated, with partially partial overlapping among all configured gaps, [FFS on MUSIM gap has the shorter or longer MGRP],  SSB-based measurements, FR1.

[bookmark: _Toc116995848]Introduce TC8: Inter-frequency event triggered reporting, 1 Type-1 gap + 2 periodic MUSIM gap are requested, one periodic MUSIM is allocated, with partially partial overlapping among all configured gaps, [FFS on MUSIM gap has the shorter or longer MGRP], SSB-based measurements, FR1.

Conclusion
In the paper, we give our further view on the test cases to be introduced to verify the core requirements for a UE supporting MUSIM gaps. We suggest:

1. Introduce at least one MUSIM test case covering FR2.
1. RAN4 to introduce test case 6.
Define test cases, for a UE supporting MUSIM gap keep-solution, verifying correct handling of keep solution between measurement gaps and MUSIM gaps. Test with Type-1 and Type-2 measurement gaps.
[bookmark: _Toc116995849]In addition to the currently agreed test cases, RAN4 should define following test cases:

Introduce TC4: Type-2 measurement gaps + MUSIM gaps with priority, NW-A inter-frequency measurements, keep solution is requested and granted, one or more of the MUSIM gaps overlap with the measurement gaps.
Introduce TC5: Type-1 measurement gaps + MUSIM gaps with priority, NW-A inter-frequency measurements, keep solution is requested and granted, one or more of the MUSIM gaps overlap with the measurement gaps.
Introduce TC6: Type-2 measurement gaps + MUSIM gaps with priority, NW-A inter-frequency measurements, keep solution is requested but not granted, one or more of the MUSIM gaps overlap with the measurement gaps.
Introduce TC7: Type-1 measurement gaps + MUSIM gaps with priority, NW-A inter-frequency measurements, keep solution is requested but not granted, one or more of the MUSIM gaps overlap with the measurement gaps.
Test a UE requesting multiple MUSIM gaps but is allocated a subset of the requested MUSIM gaps, fulfill the defined MUSIM gap requirements.
Introduce TC8: Inter-frequency event triggered reporting, 1 Type-1 gap + 2 periodic MUSIM gap are requested, one periodic MUSIM is allocated, with partially partial overlapping among all configured gaps, [FFS on MUSIM gap has the shorter or longer MGRP], SSB-based measurements, FR1.
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