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[bookmark: _Toc116995841]Introduction
Proposals for the performance part based on RAN4#110 meeting contributions were captured in WF in [1]. In this contribution we discuss some aspects of the test case design and the necessary test cases further.
Test cases
Number of probes in RRM test cases
Issue 2-3: Number of probes in RRM test cases
· For TCI state switching test
· Define test at least for Single TCI to dual TCI ([RS1] to [RS2, RS3])
· Further discuss dual-to-dual active TCI state switching if the testability is confirmed.
· Option a:
T1: Two TCI [RS1, RS3], with non-overlapping PDSCH
T2: Two TCI [RS1, RS2], with RS1 and RS2 are a beam pair
· FFS Option b (feasibility to be further confirmed):
T1: Two TCI [RS1, RS3] (source), with RS1 and RS3 are a beam pair
T2: Two TCI [RS2, RS4] (target), with RS2 and RS4 are a beam pair
The offset of beam pair in T2 is not the same of the offset in T1.














The number of probes to be used in RRM test cases is an important issue as this will have a bearing on the test cases that can be defined for TCI state switch delay conformance tests. TCI state switch delay requirements have been defined for dual-to-dual TCI state switch as well as single to dual TCI state switch. Study on NR frequency range 2 (FR2) Over-the-Air (OTA) testing enhancements agreed that as a baseline, 3 probes would be used to test dual TCI state switch. Some companies have proposed to use the same baseline as agreed in the OTA study item [2][3].  This test setup would allow for defining a test case for single to dual TCI state switch which would be applicable in a s-DCI scenario. 
However, in a m-DCI scenario, dual to dual TCI state switch would be a common occurrence and hence it is important that test cases are defined for this scenario. “Option a” as proposed will cover a scenario where the UE will switch only one TCI state and hence in this case the legacy TCI state switch delay requirements will apply, which we believe does not need to be tested.
“Option b” on the other hand will cover the case where the UE has to switch both the TCI states and it is here that the UE conformance to TCI state switch delay requirements defined for DCI based dual TCI state switch for m-DCI needs to be tested.
This of course will pose a challenge in testing using three probes. In our view this needs to be tested using four probes which would be close to replicating an on field/network scenario. However, using more than three probes presented challenges based on the OTA SI discussions. If less than four probes are used, the test equipment would have to emulate different DL transmit beams by transmitting different signals with different power and delay, so that the T/F synchronization step during TCI switching is verified. RAN4 should discuss how to implement the test case with such approach.
[bookmark: _Toc162950248][bookmark: _Toc163481615]A m-DCI scenario will always have a dual-to-dual TCI state switch. In this scenario, when the UE needs to switch only one TCI state while the other one is common i.e. [RS1, RS3], to [RS1, RS2] then legacy delay requirements apply. There is no need to test this scenario again.
[bookmark: _Toc162950249][bookmark: _Toc163481616]Define a dual-to-dual TCI test case for m-DCI, where the UE needs to switch both the TCI states i.e. [RS1, RS3], to [RS2, RS4], with [RS1, RS3] and [RS2, RS4] each forming beam pairs. 
[bookmark: _Toc162950250][bookmark: _Toc163481617]When less than four probes are used, the test equipment should emulate different DL transmit beams by transmitting different signals with different power and delay.

AoA selection for RRM test casesIssue 2-2: AoA selection in RRM test cases
· FFS following options
· Option 1: 
· The AoAs for test cases shall be selected from the set that meet corresponding RF requirements. The selection of AoA offset shall wait for further RF conclusion.
· Option 2: 
· The AoAs for RRM test cases do not need to be selected from the set that meet corresponding RF requirements, and are not subject to the RF requirement
· For 2 AoAs selection for RRM test cases, if EIS requirement need to be considered, both EIS1 and EIS 2 should satisfy the spatial side condition; Or 95% throughput should be satisfied
· Option 3: 
· Do not discuss the method of AoA selection for RRM test cases
 
Issue 2-2a: Whether and how to define new 2AoA setup for multi-Rx
· FFS following options
· Option 1: RAN4 to discuss the necessity of defining a new 2AoA setup for multi-Rx chain DL reception (Samsung)
· Setup X: 2 AoAs for multi-Rx chain DL reception
· Setup Xa: 2 AoAs, both AoAs are in Rx beam peak directions.
· It is possible for HST multi-Rx supported PC6.
· Setup Xb: 2 AoAs, both AoAs are in non Rx beam peak directions. 
· Setup Xc: 2 AoAs, 
· Setup Xc-1: 1 AoA in Rx beam peak direction, 1 in non Rx beam peak without change in direction 
· Setup Xc-2: 1 AoA in Rx beam peak direction, 1 in non Rx beam peak with change in direction


RF session has concluded the minimum required overall probability to support 2 AoA reception for power class 3 UEs for any channel bandwidth and this is specified by AoA separation in Table 7.3K.3-1 of TS 38.101-2. AoA selection in RRM test cases should be based on the set which meet the corresponding RF requirements.
In case 3 probes are used for testing, the UE shall receive simultaneously on a single pair after TCI state switching. Before TCI state switch, the UE shall receive either from a single beam or non-simultaneously from a beam pair.


[bookmark: _Toc163481618]The 3 AoAs for test cases shall be selected from the set that meet corresponding RF requirements. 

Group based beam reporting test cases
Issue 2-8: Test case(s) for group-based beam reporting
· FFS following options
· Group-based beam reporting (GBBR) is tested in test cases for scheduling restriction and TCI state switching.






RRM requirements for multi-Rx have been defined with group-based beam reporting being a pre-requisite. This would then imply that the ability of a UE to accurately report a pair of beams that it can receive simultaneously needs to be first tested before proceeding to other tests.
Having a single combined test case where the UE is tested if it can conform to minimum RAN4 requirements of multiple features is optimal when considering the number of test cases. However, in these cases, if the UE fails a conformance test, it will be unclear for which feature it has failed the test.
Hence, for sake of simplicity, we propose that the UE is tested separately for group-based beam reporting. On having verified that the UE is correctly reporting the pair of beams that it can receive simultaneously, the UE can be tested for subsequent tests.
For example, after verifying that the UE can accurately send GBBR reports, in case of TCI state switching conformance test, the UE can be instructed to switch the TCI state and the System simulator (SS) can verify if the UE fulfils the minimum TCI state switch delay requirements. In case of scheduling restrictions, the UE can be scheduled to receive data at the same time as the reference signal it has to measure on. If the UE can successfully be scheduled, then it is assumed to have passed the test for scheduling restrictions. Group-based reporting should be configured in the other test cases as well, considering that this is a prerequisite for any multi-Rx operation, but whether the UE reports correctly should be tested separately. 
[bookmark: _Toc162950254][bookmark: _Toc163481619]Having a single test case with GBBR and other features such as scheduling restrictions and TCI state switching combined reduces the number of test cases. However, if the UE fails the test case, then it increases complexity as it will be difficult to conclude which feature the UE doesn’t conform to.
[bookmark: _Toc162950255][bookmark: _Toc163481620]Define a separate test case where the UE is tested for group-based beam reporting. After verifying that the UE can report beam pairs accurately, the UE is then tested separately for scheduling/measurement restrictions and TCI state switch delay requirements, with group-based beam reporting configured.
Test cases for TCI state switch 
During RAN4 #110 the following issue was open for discussion regarding TCI switching test cases [1]
Issue 2-7: Test case(s) for dual TCI state switching
· FFS on introduce following test cases for TCI. Other test cases are not precluded
· TC1: MAC-CE based TCI state switch for s-DCI PDCCH repetition
· TC2: DCI based TCI state switch for s-DCI scheduled PDSCH reception
· TC3: DCI based TCI state switch for m-DCI scheduled PDSCH reception
· TC4: RRC based TCI state switch for PDCCH reception
· TC5: Active TCI state list update for s-DCI
· TC6: MAC-CE based TCI state switch for m-DCI PDCCH reception












Since TCI state switching is the most impacted requirement in the multi-Rx work item, defining test cases covering the different scenarios of TCI state switching requirements should be the most important aspect of the performance part of the WI. 
New requirements have been defined for the following cases:
-	MAC-CE based TCI state switch delay for PDCCH repetition
-	MAC-CE based TCI state switch delay for m-DCI
-	DCI based TCI state switch delay for s-DCI
-	DCI based TCI state switch delay for m-DCI
-	Active TCI state list update delay for s-DCI
-	Active TCI State list update delay for m-DCI
RRC based TCI state switch delay requirements and MAC-CE based TCI state switch delay requirements for s-DCI are based on legacy requirements.  Both these cases, in our view it is sufficient that the UE passes the legacy test case.
[bookmark: _Toc163481621]For RRC-based TCI state switch in m-DCI, and MAC-CE based TCI state switch in s-DCI, it is sufficient that the UE passes the legacy test case.

MAC CE based dual TCI state switch
In m-DCI, TCI states for different TRPs are switched with separate MAC-CEs independent from each other. Taking this into account, MAC-CE based dual TCI state switch for PDCCH in m-DCI means that the TCI state switches happen simultaneously from the two TRPs so that the distance in time between the received MAC-CEs is shorter than MAC-CE based TCI state switching delay. The agreed requirement is very similar to the legacy single TCI state switching requirement for each TCI state switch, but the UE is only required to start receiving with the two target TCI states after both switches have been completed. Hence, m-DCI test case for MAC-CE based TCI state switch would be similar to the single-Rx legacy MAC-CE based TCI state switching test case, but with two TRPs/QCL Type-D sources involved and TCI state switches overlapping.
[bookmark: _Toc163481622]Define MAC-CE based dual TCI state switch test case for m-DCI for overlapping TCI state switches from two TRPs.
Furthermore, a test case to verify the MAC-CE based TCI state switching requirements for PDCCH repetition is also needed.
[bookmark: _Toc163481623]Define MAC-CE based dual TCI state switch test case for PDCCH repetition.

 DCI based TCI state switch for PDSCH.
Existing TCI state switching test cases are only defined for MAC-CE and RRC based switch for PDCCH. Taking especially into account that neither of these apply for s-DCI mode, test cases need to be defined also for PDSCH. Since there are no test cases for active TCI state list update or DCI-based TCI state switch in the existing specification, new type of test case needs to be defined. As defining a test case for active TCI state list update would be difficult to verify alone, we propose to define a test case where the UE has to complete active TCI state list update with dual TCI states and after the defined delay for this, complete DCI-based TCI state switch to these dual TCI states within the defined delay. 
Such test case should be defined for both s-DCI and m-DCI. In the test case for s-DCI, the dual TCI states are activated and switched with the same MAC-CE and DCI, and as agreed in RAN4#110, single to dual TCI state switch is considered. For m-DCI, the dual TCI states are activated and switched with separate MAC-CEs and DCIs, and dual to dual TCI state switch is considered.
[bookmark: _Toc163481624]For both s-DCI and m-DCI, define a combined test case for dual active TCI state list update and DCI-based TCI state switch.


[bookmark: _Toc116995848]Conclusion
The following observations and proposals were made in this contribution:  
Observation 1: A m-DCI scenario will always have a dual-to-dual TCI state switch. In this scenario, when the UE needs to switch only one TCI state while the other one is common i.e. [RS1, RS3], to [RS1, RS2] then legacy delay requirements apply. There is no need to test this scenario again.
Proposal 1: Define a dual-to-dual TCI test case for m-DCI, where the UE needs to switch both the TCI states i.e. [RS1, RS3], to [RS2, RS4], with [RS1, RS3] and [RS2, RS4] each forming beam pairs.
Proposal 2: When less than four probes are used, the test equipment should emulate different DL transmit beams by transmitting different signals with different power and delay.
Proposal 3: The 3 AoAs for test cases shall be selected from the set that meet corresponding RF requirements.
Observation 2: Having a single test case with GBBR and other features such as scheduling restrictions and TCI state switching combined reduces the number of test cases. However, if the UE fails the test case, then it increases complexity as it will be difficult to conclude which feature the UE doesn’t conform to.
Proposal 4: Define a separate test case where the UE is tested for group-based beam reporting. After verifying that the UE can report beam pairs accurately, the UE is then tested separately for scheduling/measurement restrictions and TCI state switch delay requirements, with group-based beam reporting configured.
Proposal 5: For RRC-based TCI state switch in m-DCI, and MAC-CE based TCI state switch in s-DCI, it is sufficient that the UE passes the legacy test case.
Proposal 6: Define MAC-CE based dual TCI state switch test case for m-DCI for overlapping TCI state switches from two TRPs.
Proposal 7: Define MAC-CE based dual TCI state switch test case for PDCCH repetition.
Proposal 8: For both s-DCI and m-DCI, define a combined test case for dual active TCI state list update and DCI-based TCI state switch.
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