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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Leveraging LTE RLM test cases is a good starting point to design NR RLM test cases. However, there is no L1-RSRP, BFD, and BFR in LTE. To avoid unwanted RLF triggered by BFD/BFR and interruption caused by LTE DRX, we jointly consider RLM with these procedures and provide detailed settings for INS and OOS test cases.
2	Jointly consider RLM and other procedures
2.1	RLM and BFD/BFR
According TS 38.331 [1], RLF can be triggered by:
· RLM
· Random access problem indication from MCG MAC while T311 is not running
· Indication from MCG RLC that the maximum number of retransmissions has been reached
In the BFR procedure, UE may transmit PRACH. Because the operating SNR is low in RLM tests, it is possible that UE cannot successfully decode any RAR and then keeps repeating PRACH procedure. Unwanted RLF occurs once preambleTransMax is reached. Moreover, to make sure that UE exploits RLM-RSs to assess radio link quality (hypothetical PDCCH), no PDCCH is scheduled to UE. Therefore the unwanted RLF shall be considered in RLM test case design.
In RLM tests, RLF timing is one important metric to decide whether UE fails the test or not. RAN4 shall avoid the scenario that the unwanted BFR-triggered RLF comes earlier than RLM-triggered RLF. 
One straightforward thought is to disable BFD/BFR (to avoid starting RACH procedure). However, even if BFD/BFR RS is not configured, UE will still follow the well-defined default BFD/BFR RS. Therefore, BFD/BFR cannot be disabled. 
The feasible alternative is to delay BFR-triggered RLF as much as possible by choosing:
· the largest preambleTransMax value, e.g. n200,
· the longest periodicity of PRACH occasion, e.g. periodicity is 160ms in PRACH configuration 0-3 for FR1
· [bookmark: _Hlk505324461]larger ra-ResponseWindow value
[bookmark: _Ref521074333]Observation 1: BFR may cause unwanted RLF, but it cannot be disabled.
[bookmark: _Ref525760520][bookmark: _Ref521074344]Proposal 1: Implicit BFD and BFR RS are well-defined. The need to introduce explicit BFD/BFR RS configured by high layer signaling in the test case is FFS. 
[bookmark: _Ref525760530]Proposal 2: To avoid unwanted BFR-triggered RLF, choose the largest preambleTransMax value, the longest periodicity of PRACH occasion and larger ra-ResponseWindow for BFR.
[bookmark: _Ref521074371]Proposal 3: To keep the same principle of hypothetical PDCCH, the test system shall not send RAR to UE after T1 starts. 
2.2	RLM and L1-RSRP
In RLM tests, UE should stop any UL transmission within 40ms after the expiry of T310 timer. Accordingly, UE is configured for periodic CQI reporting (periodic UL transmission) to determine UE RLF timing in LTE RLM tests. In NR RLM test case, reusing the concept of configuring one periodic UL transmission is a good start point.
The CQI reporting quantity, CQI, in LTE RLM tests is not used to determine MCS of PDSCH transmission. Therefore we prefer to use cri-RSRP as the quantity in periodic CQI reporting.
NZP RS configuration for L1-RSRP:	
· Multiple NZP CSI-RS resources are configured within one NZP CSI-RS resource set. The number of NZP CSI-RS resources is TBD
· FR1: TBD
· FR2: TBD
· repetition is ON and NZP CSI-RS resources are  TypeD QCL-ed with SSB for RLM
· reportQuantity is set as cri-RSRP
Reporting for L1-RSRP:
· Periodic report with [5] ms periodicity for all SCSs 
 Above setting provides the following advantages:
· The desired periodic UL transmission 
· Beam management can provide best RX beam information for RLM. N = 1 in evaluation period becomes testable in FR2. 
· FR1 and FR2 can share almost same framework
[bookmark: _Ref521074389]Proposal 4: Beam management shall be included in RLM tests, and the followings are preferred for NZP CSI RS resource set configuration
· multiple NZP CSI-RS resources are configured within one NZP CSI-RS resource set for L1-RSRP
· [bookmark: _Ref521074404]reportQuantity is set as cri-RSRP 
· repetition is ON and NZP CSI-RS resources are  QCL-TypeD with SSB for RLM 
[bookmark: _Ref521074415]Proposal 5: To avoid that UE exploits PDCCH decoding result to derive radio link quality, the test system shall ignore the L1-RSRP reports from UE. 
2.3	NR RLM and LTE at DRX in EN-DC
In EN-DC, LTE DRX mode causes NR interruptions:
· Interruption on PSCell due to E-UTRA PCell transitions between active and non-active during DRX
· Interruption on PSCell due to E-UTRA PCell transitions from non-DRX to DRX
In NR, RLM-RS density in time may be far lower than CRS in LTE. Therefore the interruptions caused by E-UTRA DRX mode have negative impacts on NR RLM tests and increases the uncertainty.
[bookmark: _Ref521074424]Proposal 6: In EN-DC RLM tests, to avoid interruption at NR cells, E-UTRA is at non-DRX mode.
2.4	Time-domain channel and signal allocation in RLM tests
 (
Agreements
:
UE does not simultaneously transmit PRACH and PUSCH/PUCCH/SRS in, at least, single CC and in intra-band CA, during any of the following scenarios:
·       
Same slot 
·       
When the gap between the end of PRACH (PUSCH/PUCCH/SRS) and the start of PUSCH/PUCCH/SRS (PRACH) is less than N symbols
o   
N = 2 for 15 kHz and 30 kHz SCS. 
o   
N = 4 for 60 kHz and 120 kHz SCS.
o   
Working assumption: Reference SCS for determining N is the SCS for UL BWP.
·       
FFS: inter-band CA.
·      
Transmission of PRACH or SR (on PUCCH) if any, is up to UE implementation
.
)In RAN1-92bis agreement, UE cannot transmit PRACH and PUSCH/PUCCH/SRS at the same slot. 
Based on DDDSU DL/ UL slot configuration, the 160-ms patterns of time-domain channel and signal allocation with/without measurement gap are demonstrated in Figure 1 and Figure 2, respectively. In these figures, NZP CSI-RS is used for beam management and SSB is used for RLM.
[image: ]
[bookmark: _Ref520813049]Figure 1: Time-domain channel and signal allocation without measurement gap for 15KHz SCS
[image: ]
[bookmark: _Ref520813052]Figure 2: Time-domain channel and signal allocation with measurement gap for 15KHz SCS
[bookmark: _Ref521074429]Proposal 7: At least one RLM test is configured with measurement gap in each FR.
3	RLM test cases	
3.1	RLM test number
In NR, RLM tests shall include:
· EN-DC and SA
· FR1 FDD, FR1 TDD and FR2 TDD
· DRX and non-DRX
· OOS and INS
There are 24 RLM test subsections. To minimize overall test number, we prefer at most [2] RLM test cases and frequency band agnostic RLM test cases in each RLM subsection. 
[bookmark: _Ref521074436]Proposal 8: RAN4 shall strive to minimize overall RLM test case number.
3.2	4RX capable UE
Due to limited time units, reusing LTE methodology for 4RX capable UE in section A.3.8.1 in TS 36.133 can speed up NR RLM test case standardization.  SNR settings in RLM tests are based on the NR PDCCH performance. Because LTE PDCCH and NR PDCCH have different performance curves, for 4 RX capable UE, OOS SNR setting during T3 and INS SNR settings during T3 and T4 shall be FFS.
[bookmark: _Ref525491890]Proposal 9: Reuse LTE methodology for NR 4RX capable UE. The OOS SNR setting during T3 and INS SNR setting during T3 and T4 shall be FFS.
3.3	OOS RLM tests
Leveraging LTE RLM test cases is a good starting point. In the section 3.2 and 3.3, we only address the differences between NR and LTE.
As shown in Figure 3, the UE shall stop transmitting uplink signal no later than time point C. Because NR evaluation period is not a fixed value, time difference between point B and point C (D1) is case dependent and shall equal to TEvaluate_out + 40 ms.
[bookmark: _Ref521074443]Proposal 10: Time difference between point B and point C (D1) shall equal to TEvaluate_out + 40 ms.
[image: ]
[bookmark: _Ref520902048]Figure 3: SNR variation for OOS testing
3.4	INS RLM tests
The SNR variation for INS testing is shown in Figure 4. In INS test case design, there are two design goals listed below. To achieve these two goals, the corresponding settings are provided. 
1. At least one OOS indicator is sent to high layer between point B and point C
· T3 > TEvaluate_out.   
2. Before point F, as shown in Figure 5, UE shall never stop periodic UL transmission. Considering INS evaluation period, it also means that T310 cannot expire before one INS indicator is sent to high layer. 
· T310 >= T3+T4+TEvaluate_in + SSB burst duration
3. As shown in Figure 6, testing time shall be long enough to test UE with late OOS indicator.
· D1 > TEvaluate_out + T310 + 40 – T3 –T4
Note: According to TS 38.133, TEvaluate_in in non-DRX mode is used in the above bullets.
 (
TS 38.133 section 8.1.6
U
pon start of T310 timer as specified in 
TS 38.331 
[2], the UE shall monitor the configured RLM-RS resources for recovery using the evaluation period and Layer 1 indication interval corresponding to the non-DRX mode until the expiry or stop of T310 timer.
 
)
 Therefore, TEvaluate_in 
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[bookmark: _Ref520902524]Figure 4: SNR variation for INS testing

[image: ]
[bookmark: _Ref521354766]Figure 5: T310 and time period settings for UE with fast OOS indicator
[image: ]
[bookmark: _Ref521354785]Figure 6:  T310 and time period settings for UE with late OOS indicator 
[bookmark: _Ref521074454]Proposal 11: In INS RLM testing, TEvaluate_in in non-DRX mode is used and the following settings shall be met.
· T3 > TEvaluate_out 
· T310 >= T3+T4+TEvaluate_in + SSB burst duration
· D1 > TEvaluate_out + T310 + 40 – T3 –T4
3.5	FR2 RLM tests
In FR2 RLM tests, configuring multiple RLM-RSs is beneficial and can be used to test the following OOS and INS behaviours:
· OOS: When the downlink radio link quality on all the configured RLM-RS resources is worse than Qout, Layer 1 of the UE shall send an out-of-sync indication for the cell to the higher layers.
· INS: When the downlink radio link quality on at least one of the configured RLM-RS resources is better than Qin, Layer 1 of the UE shall send an in-sync indication for the cell to the higher layers
However, single AoA for RLM tests is agreed and it is TE implementation friendly [3]. The need to introduce multiple RLM RSs for RLM with same AoA shall be FFS.
[bookmark: _Ref521613412]Proposal 12: The number of SSB per SSB burst in FR2 RLM test shall be FFS.
4	Conclusion
Based on the discussion in section 2, and 3, we have the following observations and proposals: 
Observation 1: BFR may cause unwanted RLF, but it cannot be disabled.
Proposal 1: Implicit BFD and BFR RS are well-defined. The need to introduce explicit BFD/BFR RS configured by high layer signaling in the test case is FFS.
Proposal 2: To avoid unwanted BFR-triggered RLF, choose the largest preambleTransMax value, the longest periodicity of PRACH occasion and larger ra-ResponseWindow for BFR.
Proposal 3: To keep the same principle of hypothetical PDCCH, the test system shall not send RAR to UE after T1 starts.
Proposal 4: Beam management shall be included in RLM tests, and the followings are preferred for NZP CSI RS resource set configuration.
Proposal 5: To avoid that UE exploits PDCCH decoding result to derive radio link quality, the test system shall ignore the L1-RSRP reports from UE.
Proposal 6: In EN-DC RLM tests, to avoid interruption at NR cells, E-UTRA is at non-DRX mode.
Proposal 7: At least one RLM test is configured with measurement gap in each FR.
Proposal 8: RAN4 shall strive to minimize overall RLM test case number.
Proposal 9: Reuse LTE methodology for NR 4RX capable UE. The OOS SNR setting during T3 and INS SNR setting during T3 and T4 shall be FFS. 
Proposal 10: Time difference between point B and point C (D1) shall equal to TEvaluate_out + 40 ms.
Proposal 11: In INS RLM testing, TEvaluate_in in non-DRX mode is used and the following settings shall be met.
· T3 > TEvaluate_out 
· T310 >= T3+T4+TEvaluate_in + SSB burst duration
· D1 > TEvaluate_out + T310 + 40 – T3 –T4
Proposal 12: The number of SSB per SSB burst in FR2 RLM test shall be FFS.
5	Reference 
[1] TS 36.133, `` Requirements for support of radio resource management’’
[2] TS 38.133, ``Requirements for support of radio resource management‘’
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