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1 Introduction
According to WF [1], there’re several open issues about test cases for multi-RX. In this paper, we provided our views for the test case design.
2 Discussion
[bookmark: OLE_LINK1]2.1 Test cases for multi-RX
	[bookmark: _Ref162289987]< Agreement >
Issue 2-4: Test case(s) for fast beam sweeping
Option 1: 
· TC1: Define test case for fast beam sweeping with non-GBBR L1-RSRP measurement with non-DRX.
· TC2: Define test case for fast beam sweeping with [RLM] with non-DRX.
· Note: We may further discuss the conditions of how fast beam sweeping are applicable in the test configuration.
· FFS AoA setup.
Option 2 (QC): 
· Introduce new tests for fast beam sweeping by revising all relevant legacy tests. The UE passes multi-Rx test should not be tested with [same] legacy test.
< Agreement >
Issue 1-8: Applicable scenarios of Rel-18 multi-Rx feature
· RAN4 Rel-18 multi-Rx related requirements are applicable to PCell, PSCell, or SCell, provided the cell is the only serving cell in the single FR2-1 band and UE is configured with one FR2-1 band.


For issue 2-4, there’re two potential TCs (TC1: non-GBBR L1-RSRP, TC2: RLM) considered for faster beam sweeping. The test purpose of faster beam sweeping is to know whether UE performs beam sweeping reduction on L1 measurement. In our understanding, non-GBBR L1-RSRP is relatively simpler and can focus on purely testing beam sweeping reduction by directly checking the reporting delay.
However, RLM test cases are relatively more complicated, e.g., the OOS test is to make sure UE stop sending CSI-RS report right after RLF, and the INS test case is to ensure UE continues sending CSI-RS report throughout the whole test. The behaviour of RLF is based on the test parameters (N310/N311 and T310) which are related to out-of-sync and in-sync indications. The faster beam sweeping only shorten the CSI-RS evaluation period and has nothing to do with these counter and timer. E.g., in INS test case, UE’s CSI-RS report behaviour is the same (still send CSI-RS report all the time) regardless the beam sweeping factor. TE has no way to tell whether UE applies faster beam sweeping or not. To simply test case and focus on the purpose of beam sweeping reduction, we suggest selecting non-GBBR L1-RSRP to be the test case for faster beam sweeping.
[bookmark: _Ref163230364]Proposal 1: Define test case for faster beam sweeping with non-GBBR L1-RSRP instead of RLM.
Considering that Group-based beam reporting (GBBR) would be a prerequisite of many other enhanced requirements, there is no need to add a dedicated new test case only for GBBR. Instead, the GBBR measurement delay (and accuracy) can be checked under (one of) other test cases. In addition, we’re open to discuss whether to define each test case for both SA and ENDC. Since last RAN4 meeting reach agreement “Rel-18 multi-Rx related requirements are applicable to PCell, PSCell, or SCell”.
Take all agreement [1] and above into consideration, we suggest the following test cases list. The design of each test case set will be mentioned in section 2.2, 2.3 and 2.4:
· [bookmark: OLE_LINK7][bookmark: OLE_LINK3][bookmark: OLE_LINK38]Test case set #1: faster beam sweeping for non-GBBR L1-RSRP measurement.
· [bookmark: OLE_LINK4]Test case set #2: dual TCI state switching
· [bookmark: OLE_LINK5][bookmark: _Ref141027874][bookmark: _Ref149588758]Test case set #3: Scheduling and measurement restriction relaxation.
Note: GBBR is always configured and reported in above test cases.
[bookmark: _Ref158475047][bookmark: _Ref163230371]Proposal 2: RAN4 to consider below test cases list for multi-RX:
· [bookmark: OLE_LINK17]Test case set #1: faster beam sweeping for non-GBBR L1-RSRP measurement.
· Test case set #2: dual TCI state switching.
· Test case set #3: Scheduling and measurement restriction.
Note: 
· GBBR is always configured and reported in above test cases.
· RAN4 to discuss whether to define each test case for SA and EN-DC since last RAN4 meeting reach agreement “multi-RX requirements are applicable to PCell, PSCell or SCell”.
[bookmark: OLE_LINK2][bookmark: OLE_LINK18]2.2 Test case set #1: Faster beam sweeping for non-GBBR L1-RSRP measurement.
In our understanding, faster beam sweeping can apply under multi-RX operation. Since GBBR is the prerequisite for multi-RX operation, GBBR is always configured in the test configuration. (Note: This part can be up to the final RAN4 decision) We provided one example for faster beam sweeping and non-GBBR L1-RSRP as shown in Figure 1. We can take the legacy L1-RSRP test case as baseline for the configurations and test requirements. The following configurations and requirements are suggested:
· In Figure 1, T1=[5s], T2=[1.24s], T3=[2s], SCS=120 kHz, L1-RSRP reporting period=320 slot.
· Before test,
· UE is connected to Cell 1 (PCell) on radio channel 1 (PCC) without multi-RX operation. 
· UE reported faster beam sweeping capability with reduced beam number. (We use N=4 as an example for the following calculation).
· There are two AoAs (AoA0 and AoA1) for different SSB indices (SSB #0 and #1), respectively
· No DRX is configured.
· During T1, UE shall send non-GBBR L1-RSRP report for SSB#0 in every L1-measurement period
· L1-measurement period = max(TReport, ceil(M(1)*P(3)*N(8))*TSSB) = 480ms
· [bookmark: OLE_LINK20]TSSB = TSMTC = 20ms 
· TReport = 320 slots (40ms).
· [bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK10]T2 starts from TE transmitting non-zero power for SSB#1. The duration of T2 is the time for UE to prepare the L1-RSRP GBBR for SSB#0 (with RSRP0) and SSB 1 (with RSRP1) which may require additional SSB detection time. 
· T3 starts from TE changes the power level of SSB#0, after UE reported a valid GBBR to TE.
· UE shall send L1-RSRP report not configured with groupBasedBeamReporting-r17 for SSB#0 in every reduced L1-measurement period
· [bookmark: OLE_LINK21]Ynon-GBBR = L1-measurement period(240ms) + TReport(40ms) = 280ms.
· L1-measurement period = max(TReport, ceil(M(1)*P(3)*N(4))*TSSB) = 240ms.
· TSSB = TSMTC = 20ms, 
· TReport =320slot (40ms).
· [bookmark: OLE_LINK8]Ynon-GBBR is the longest duration allowed for UE to reflect the changed RSRP (from RSRP0 to RSRP0’) in L1-RSRP non-GBBR.
· UE does not indicate its preference for single-RX in UE assistance information.
· Test requirement: The first reported L1-RSRP value for SSB#0 after Ynon-GBBR in T3 shall reflect the RSRP difference to the power level of SSB#0 in T2.
· Note: During T2 and T3, UE does not indicate its preference for single-RX in UE assistance information.
[image: ]
Figure 1. Test case on faster beam sweeping for non-GBBR L1-RSRP measurement.
From above, we suggest the principle of test case set#1 in the following proposal:
[bookmark: _Ref158475052]Proposal 3: RAN4 to consider the principle in test case set #1 (faster beam sweeping for non-GBBR L1-RSRP measurement):
· Reuse the configuration and test requirement of legacy test cases for GBBR and non-GBBR L1-RSRP as baseline.
· Two AoAs for SSB#0 (AoA#1) and SSB#1 (AoA#2).
· No DRX is configured.
· Test requirements are set on the time duration to reflect the RSRP change in the non-GBBR L1-RSRP report.
· [bookmark: OLE_LINK22]Note : 
· UE does not indicate its preference for single-RX in UE assistance information throughout the test.
2.3 Test case set #2: dual TCI state switching

	< Agreement >
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.

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


For dual TCI state switching, there’s no needs to define test case for mDCI since the delay requirement is the same as legacy as below. 
· The delay requirement is THARQ + + TOk*( Tfirst-SSBp, + TSSB-proc) / NR slot length.
· Tfirst-SSBp is time to first SSB transmission (i.e., SSB associated to CORESETPoolIndex p) after MAC CE command is decoded by the UE; The SSB shall be the QCL-TypeA or QCL-TypeC to target TCI state.
[bookmark: _Ref163230378]Proposal 4: There’s no needs to define test case of dual TCI state switching for mDCI since the delay requirement is the same as legacy.
We provided our view for the test case of dual TCI state switching for sDCI based mTRP. Similar as test case 1, GBBR is always configured in test case set#2. The procedure of dual TCI states switching shown in Figure 2. We take the legacy test cases of L1-RSRP and single TCI state switching as baseline for the configuration and test requirements. The following configuration and requirements are suggested:
· In Figure 2, T1=[2s], T2=[1.28s], T3=[0.2s], SCS=120 kHz, L1-RSRP reporting period=320 slot. The test scenario is for single TCI (TCI state 0) to dual TCI (TCI states 1 and 2) since RAN4 agreed to define this kind of test in last meeting.
· Before test,
· UE is connected to Cell 1 (PCell) on radio channel 1 (PCC) without multi-RX operation.
· [bookmark: OLE_LINK6]UE is configured with 3 different TCI states for Cell 1, PDCCH TCI state 0 (QCL’d to SSB #0), state 1 (QCL’d to SSB #1) and TCI state 2 (QCL’d to SSB #2).
· There’re three AoAs (AoA0, AoA1 and AoA2) for different SSB index (SSB #0, #1 and #2)
· Different RSRP levels (RSRP0 and RSRP1/2) for SSB0 (AoA1) and SSB1/2 (AoA2/3).
· UE is only activated and indicated with TCI state 0 for PDCCH reception.
· tci-PresentInDCI is not configured in the PDSCH configuration, i.e., TCI state for the PDSCH is identical to the PDCCH TCI state. (Skip DCI based TCI switching for PDSCH)
· During T1, UE send non-GBBR L1-RSRP report.
· T2 starts from TE transmitting non-zero power for SSB#1 and SSB#2. The duration of T2 is the time for UE to prepare L1-RSRP Rel-17 GBBR for SSB#1 and SSB#2 (with the same RSRP for simplicity) which may require additional SSB detection time.
· T3 starts from TE sending MAC CE command (dual TCI states switch) at slot #n. UE is activated with dual TCI states after after slot n+ THARQ + + TOk*( max (Tfirst-SSBp, Tfirst-SSBq)  + TSSB-proc) / NR slot length.
· THARQ is the timing between DL data transmission and acknowledgement.
· Tfirst-SSBp is time to SSB #1 transmission (associated with TCI state of CORESET p) after MAC CE command is decoded by the UE; The SSB #1 shall be the QCL-TypeA or QCL-TypeC to TCI state 1.
· Tfirst-SSBq is time to SSB #2 transmission (associated with TCI state of CORESET q) after MAC CE command is decoded by the UE; The SSB #2 shall be the QCL-TypeA or QCL-TypeC to target TCI state 2.
· TSSB-proc = 2 ms. 
· TOk = 1.
· Test requirement: After receiving MAC-CE command at slot n, UE shall:
· be able to continue to receive on TCI state 0 till n+ THARQ +
· be able to start receiving on TCI state 1 and TCI state 2 after slot n+ THARQ + + TOk*( max (Tfirst-SSBp, Tfirst-SSBq)  + TSSB-proc) / NR slot length.
· Note: During T2 and T3, UE does not indicate its preference for single-RX in UE assistance information.
[image: ]
Figure 2. Test case for dual TCI states switching for sDCI
From above, we suggest the principle of test case set#2 in the following proposal:
[bookmark: _Ref158475056]Proposal 5: RAN4 to consider the principle in test case set#2 (Dual TCI state switching):
· [bookmark: OLE_LINK16]Reuse the configuration and test requirement of legacy L1-RSRP and single TCI state switching test case as baseline.
· Three AoAs (AoA0, AoA1 and AoA2) for different SSB indices (SSB 0, 1 and 2)
· No DRX is configured.
· Test requirement are set on time duration to check the expected behaviour of dual TCI state switching with correct delay requirement.
· Note:
· UE does not indicate its preference for single-RX in UE assistance information throughout the test.
2.4 Test case set #3: Scheduling and measurement restriction relaxation
For test case set #3, one way is to consider legacy test case as a starting point but only consider CSI-RS based L1 measurement since the relaxation for scheduling and measurement restriction is only for CSI-RS in multi-RX.
In legacy, RAN4 only considers scheduling restriction test cases in RLM in which the purpose is to verify that the NR UE correctly receives PDCCH scheduled on the symbols right before RLM symbols without overlap. Here, since UE is able to simultaneously receive both PDCCHs and CSI-RS on the same OFDM symbol. We need to create such a scenario in the test case to verify the UE behaviour. From TS38.214, we can see some limitations for CSI-RS and PDCCH on the same OFDM symbol, as captured below. The principle is that CSI-RS and CORESET of PDCCH are allowed to overlap on the same OFDM symbol as long as their PRBs are not overlapping. 
	TS 38.214
5.1.6.1 CSI-RS reception procedure
The CSI-RS defined in Clause 7.4.1.5 of [4, TS 38.211], may be used for time/frequency tracking, CSI computation,
L1-RSRP computation, L1-SINR computation, mobility, and tracking during fast SCell activation.
For a CSI-RS resource associated with a NZP-CSI-RS-ResourceSet with the higher layer parameter repetition set to 'on', the UE shall not expect to be configured with CSI-RS over the symbols during which the UE is also configured to monitor the CORESET, while for other NZP-CSI-RS-ResourceSet configurations, if the UE is configured with a CSI-RS resource and a search space set associated with a CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with CORESET are quasi co-located with 'typeD', if 'typeD' is applicable. If the CORESET is activated with two TCI states, UE may assume that the first TCI state of the CORESET as the default QCL assumption for the CSI-RS. This also applies to the case when CSI-RS and the CORESET are in different intra-band component carriers, if 'typeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the CORESET in the OFDM symbols occupied by the search space set(s).

< Agreement >
Issue 2-5: Test case(s) for scheduling restriction
Introduced on test case
· Combine GBBR with scheduling restriction, i.e., GBBR is always configured in the test.
· Scheduling restriction relaxation during the L1-RSRP non-GBBR is tested in the follow-up L1-RSRP non-GBBR measurement.
· Only L1-RSRP GBBR measurement delay requirements are tested in this test, i.e., no accuracy is tested in this test.
· Measurement restriction requirements are also tested in this test.


In our view, this may require some new CSI-RS configurations as well as PDCCH RMC. Furthermore, current simultaneous reception is mainly for PDSCHs. Therefore, we suggest setting CSI-RS resources overlapping with PDSCH rather than PDCCH for test case design.
From the agreement of issue 2-5, L1-RSRP non-GBBR is tested for scheduling restriction relaxation. To keep the consistence, L1-RSRP non-GBBR is also tested for measurement restriction relaxation. In addition, we should consider the following preconditions before UE perform the relaxation for scheduling and measurement restriction:
· UE sent valid L1-RSRP GBBR. (This is basic condition for multi-RX operation)
· Dual TCI state are activated. (This is for the CSI-RS and both PDCCHs/PDSCHs are overlapped on OFDM symbol)
Since the preconditions are similar as test case set #2, we reuse the configuration and test requirements from test 2. The testing procedure as shown in Figure 3.
· In Figure 3, T1=[1.28s], T2=[0.2s], T3=[5s], SCS=120 kHz, L1-RSRP reporting period=320 slot.
· During T1, UE start to send L1-RSRP GBBR report. 
· T2 starts from TE sending MAC CE command (dual TCI states switch) at slot #n. UE is activated with dual TCI states with corresponding delay requirement during T2. UE is already activated with dual TCI states before T3.
· During T3, UE start to relax scheduling and measurement restriction.
· To relax scheduling restriction, UE is required to receive both PDSCHs on the symbols overlapped with CSI-RS configured for L1-RSRP non-GBBR (CSI-RS#1 or CSI-RS#2) and sends ACK/NACK correctly.
· To relax measurement restriction, UE is required to measure CSI-RS#1 and CSI-RS#2 at the same time regardless of both CSI-RSs are overlapped with both PDSCHs on the same symbol.
[image: ]
Figure 3. Test case for scheduling and measurement restriction relaxation
[bookmark: _Ref158475070][bookmark: _Hlk158467762]From above, we suggest the principle of test case set#3 in the following proposal:
[bookmark: _Ref163230388]Proposal 6: RAN4 to consider the principle in test case set#3 (scheduling and measurement restriction relaxation):
· Reuse the configuration and test requirement of dual TCI state switching as baseline.
· After UE sent L1-RSRP GBBR and dual TCI states are activated, UE is ready to relax scheduling and measurement restriction.
· Test requirement are set on time duration to check the expected behaviour of scheduling and measurement restriction.
· To relax scheduling restriction, UE is required to receive both PDSCHs on the symbols overlapped with CSI-RS configured for L1-RSRP non-GBBR and sends ACK/NACK correctly.
· To relax measurement restriction, UE is required to measure both CSI-RSs with different QCL type D at the same time regardless of both CSI-RSs are overlapped with both PDSCHs on the same symbol.
· Note:
· UE does not indicate its preference for single-RX in UE assistance information throughout the test.
3 Summary
[bookmark: _Hlk94866332]In this paper, the discussion of R18 multi-Rx chains is provided. We have the following proposal:
Proposal 1: Define test case for faster beam sweeping with non-GBBR L1-RSRP instead of RLM.

Proposal 2: RAN4 to consider below test cases list for multi-RX:
· Test case set #1: faster beam sweeping for non-GBBR L1-RSRP measurement.
· Test case set #2: dual TCI state switching.
· Test case set #3: Scheduling and measurement restriction.
Note: 
· GBBR is always configured and reported in above test cases.
· RAN4 to discuss whether to define each test case for SA and ENDC since last RAN4 meeting reach agreement “multi-RX requirements are applicable to PCell, PSCell or SCell”.

Proposal 3: RAN4 to consider the principle in test case set #1 (faster beam sweeping for non-GBBR L1-RSRP measurement):
· Reuse the configuration and test requirement of legacy test cases for GBBR and non-GBBR L1-RSRP as baseline.
· Two AoAs for SSB#0 (AoA#1) and SSB#1 (AoA#2).
· No DRX is configured.
· Test requirements are set on the time duration to reflect the RSRP change in the non-GBBR L1-RSRP report.
· Note : 
· UE does not indicate its preference for single-RX in UE assistance information throughout the test.

Proposal 4: There’s no needs to define test case of dual TCI state switching for mDCI since the delay requirement is the same as legacy.

Proposal 5: RAN4 to consider the principle in test case set#2 (Dual TCI state switching):
· Reuse the configuration and test requirement of legacy L1-RSRP and single TCI state switching test case as baseline.
· Three AoAs (AoA0, AoA1 and AoA2) for different SSB indices (SSB 0, 1 and 2)
· No DRX is configured.
· Test requirement are set on time duration to check the expected behaviour of dual TCI state switching with correct delay requirement.
· Note:
· UE does not indicate its preference for single-RX in UE assistance information throughout the test.

Proposal 6: RAN4 to consider the principle in test case set#3 (scheduling and measurement restriction relaxation):
· Reuse the configuration and test requirement of dual TCI state switching as baseline.
· After UE sent L1-RSRP GBBR and dual TCI states are activated, UE is ready to relax scheduling and measurement restriction.
· Test requirement are set on time duration to check the expected behaviour of scheduling and measurement restriction.
· To relax scheduling restriction, UE is required to receive both PDSCHs on the symbols overlapped with CSI-RS configured for L1-RSRP non-GBBR and sends ACK/NACK correctly.
· To relax measurement restriction, UE is required to measure both CSI-RSs with different QCL type D at the same time regardless of both CSI-RSs are overlapped with both PDSCHs on the same symbol.
· Note:
· UE does not indicate its preference for single-RX in UE assistance information throughout the test.
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