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[bookmark: _Toc116995841]Introduction
In this paper we present Nokia’s views on performance requirements and test cases for Rel-18 MIMO evolution for DL and UL. More specifically we discuss: 
· two TAs test cases;
· unified TCI state switching for mTRP test cases.
[bookmark: _Toc116995842]Discussion
Two TAs test cases
Regarding the two TAs test cases, in the last RAN4 meeting RAN4#110bis, the following agreements were made and issues discussed [1]:
	Issue 3-1-1: TCs design for two TAs
< Agreement>:
· Only UE transmit timing from two TRPs
· TC #1: FR1 UE transmit timing from two TRPs. 
· TC #2: FR2 UE transmit timing from two TRPs.




The test cases for the two TAs need to be defined using as starting point the NR UE Transmit Timing Test for FR1 (A.6.4.1.1 of TS 38.133) to verify that a UE can follow frame timing change of the connected gNB. This test case, that was originally designed for FR1, has then been extended to cover FR2 operations in A.7.4.1.1 of TS 38.133.
The UE transmit timing test cases for the two TAs feature should include:
· A setup with two TRPs, each sending its own TA command;
· An adjustable timing delay between the two TRPs to verify the UE’s capability to meet the UL transmit timing requirements as long as the delay between the TRPs is within the MRTD requirements.
[bookmark: _Toc163505289][bookmark: _Toc166507311]Define the test cases for the two TAs feature including:
a. [bookmark: _Toc163505290][bookmark: _Toc166507312]A setup with two TRPs, each sending its own TA command;
b. [bookmark: _Toc158815019][bookmark: _Toc163505291][bookmark: _Toc166507313]An adjustable timing delay between the two TRPs.
[bookmark: _Toc163505292][bookmark: _Toc166507314]There is no need to test MRTD and MTTD requirements. On the other hand, as we will unavoidably have a RTD because the setup will have two TRPs, the test cases need to guarantee that MRTD requirements are not violated.
[bookmark: _Toc163505293][bookmark: _Toc166507315]As a UE can operate with two TAs only if the RTD does not exceed the MRTD, the test cases for the two TAs feature need to be designed such that the adjustable timing delay between the two TRPs does not violate the MRTD at the UE.
Considering all the agreements about MRTD/MTTD up to RAN4#108 [2][3], there will be UE capabilities for UEs supporting STxMP and also for UEs supporting RTD>CP. Considering all the possible UE combinations, we have the following summary for MRTD/MTTD requirements for multi-DCI multi-TRP operation with two TAs:
	
	UE supports RTD>CP
	UE supports STxMP
	MRTD (μs)
	MTTD (μs)
	Margin (M1/M2) (μs)

	FR1
	Yes
	Yes
	33
	34.6
	1.6

	FR2
	Yes
	Yes
	8
	8.5
	0.5

	FR1
	Yes
	No
	33
	34.6
	1.6

	FR2
	Yes
	No
	8
	8.5
	0.5

	FR1
	No
	Yes
	CP
	CP+1.6
	1.6

	FR2
	No
	Yes
	CP
	CP+0.5
	0.5

	FR1
	No
	No
	CP
	No requirements
	No requirements

	FR2
	No
	No
	CP
	No requirements
	No requirements



To address all these combinations, a test case for the two TAs feature could be defined with two MRTD configurations:
· The first configuration assumes MRTD > CP;
· The second configuration assumes MRTD = CP.
If a UE supports MRTD > CP, it only runs the first configuration. On the opposite side, if a UE does not support MRTD > CP, it only runs the second configuration.
[bookmark: _Toc163505294][bookmark: _Toc166507316]Define the test cases for the two TAs feature including two MRTD configurations, assuming either MRTD > CP or MRTD = CP; a UE will only run one of the two configurations depending on whether it supports MRTD > CP or MRTD = CP.
Unified TCI state switching for mTRP test cases
Regarding the unified TCI state switching for mTRP test cases, in the last RAN4 meeting RAN4#110bis, the following agreements were made and issues discussed [1]:
	Issue 3-3-1: TCs design for s-DCI mTRP cases: 
< Agreement>	:
	TC1
	separate DL TCI state switch

	TC2
	separate UL TCI state switch

	TC3
	Joint TCI state switching


· Add the Note for the UE should pass which tests in the test purpose. Such as: UE can pass only one test or two tests depends on the UE capability. 

Issue 3-3-2: Test configuration of for s-DCI mTRP cases: 
· Proposals
· Proposal 1: (Apple)
· Dual TCI state switching
· Proposal 2: (Ericsson, Nokia)
· Single to dual TCI state switching

Issue 3-2-1: Whether to define TCs for m-DCI mTRP cases?
< Agreement>	:
	For FR1 UE supports rxTimingDiff-r18 capability, define:
· Test case in Te
· Test case for “FR1 two TA, RTD>CP, joint TCI state switching TC”.




The discussion on the unified TCI requirements for mTRP is still not fully concluded in RAN4. On the other hand, several conclusions can already be made based in particular on the outcome of the last RAN4 meetings RAN4#110bis [1], RAN4#110 [6], RAN4#109 [5], RAN4#108bis [4].
For sDCI mTRP, separate test cases have been agreed for:
· Separate DL TCI state switch (TC1);
· Separate UL TCI state switch (TC2);
· Joint TCI state switch (TC3).
A UE should be tested for the TCs that depend on its capabilities, more specifically:
· If a UE supports unified TCI with separate DL/UL TCI states, it is tested only for TC1 and TC2.
· If a UE supports unified TCI with only joint DL/UL TCI states, it is tested only for TC3.
[bookmark: _Toc163505298][bookmark: _Toc166507317]For sDCI mTRP, if a UE supports unified TCI with separate DL/UL TCI states, it is tested only for TC1 (Separate DL TCI state switch) and TC2 (Separate UL TCI state switch).
[bookmark: _Toc166507318]For sDCI mTRP, if a UE supports unified TCI only with joint DL/UL TCI states, it is tested only for TC3 (Joint TCI state switch).
For sDCI mTRP, regarding Issue 3-3-2, we think that for both proposals a new angle of arrival (AoA) setup with at least three active probes should be defined in A.3.15 of TS 38.133, as there only setups with two active probes are available. Moreover, we think that a test case considering “single to dual TCI state switching” is already enough to test the newly defined requirements, and there is no need of a “dual to dual TCI state switching” test.
[bookmark: _Toc166507319]For sDCI mTRP, define a new AoA setup with three active probes.
[bookmark: _Toc163505297][bookmark: _Toc166507320]For sDCI mTRP, define test cases considering “single to dual” TCI state switching.
[bookmark: _Toc116995848]
Conclusion
The following Observations and Proposals were made:
Proposal 1: Define the test cases for the two TAs feature including:
a.	A setup with two TRPs, each sending its own TA command;
b.	An adjustable timing delay between the two TRPs.
Observation 1: There is no need to test MRTD and MTTD requirements. On the other hand, as we will unavoidably have a RTD because the setup will have two TRPs, the test cases need to guarantee that MRTD requirements are not violated.
Proposal 2: As a UE can operate with two TAs only if the RTD does not exceed the MRTD, the test cases for the two TAs feature need to be designed such that the adjustable timing delay between the two TRPs does not violate the MRTD at the UE.
Proposal 3: Define the test cases for the two TAs feature including two MRTD configurations, assuming either MRTD > CP or MRTD = CP; a UE will only run one of the two configurations depending on whether it supports MRTD > CP or MRTD = CP.
Proposal 4: For sDCI mTRP, if a UE supports unified TCI with separate DL/UL TCI states, it is tested only for TC1 (Separate DL TCI state switch) and TC2 (Separate UL TCI state switch).
Proposal 5: For sDCI mTRP, if a UE supports unified TCI only with joint DL/UL TCI states, it is tested only for TC3 (Joint TCI state switch).
Proposal 6: For sDCI mTRP, define a new AoA setup with three active probes.
Proposal 7: For sDCI mTRP, define test cases considering “single to dual” TCI state switching.
[bookmark: _Toc116995849]
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