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1 Introduction
The following agreements were made on RLM in RAN4#95-e [7,8]:

· The set of SSBs that UE is required to monitor [7]
· Wait for RAN1 feedback
· Whether UE is able to distinguish the unavailable RLM-RS in low SNR in NR-U [7] 
· Option 1: UE is not able to distinguish the unavailable RLM-RS for Es/Iot ≤ -7dB in NR-U
· Option 2: UE is not able to distinguish the unavailable RLM-RS for Es/Iot ≤ -XdB in NR-U. X is FFS based on simulation results.
· Availability of Q factor [7]
· Except for initial access, Q factor is always known to UE.
· SSB-based OOS evaluation period [7]
· For SINREST ≤ X dB the OOS evaluation period 

· Option 1: Keep unchanged
· Option 2: Fixed extension of number of samples as follows: 

· L = TBD for max(TSSB, TDRX) ≤ 40, 
· L = TBD for 40 <Max(TDRX, TSSB)≤320 
· L = TBD for TDRX >320
· For SINREST > X dB the OOS evaluation period is FFS

· X = [-7dB]
· SINREST is the estimated SINR at the UE side

· Option 1: Filtered SINR estimate over evaluation period

· Option 2: Current SSB SINR estimate
· Option 3: last available SSB SINR
· Other options are not precluded
· CSI-RS based RLM requirement [7]
· Continue discussion in #96e meeting
· Further clarification on the terminology for occasions unavailable at the UE [8]
· Use in the requirements a short term “X not available at the UE”, where X is:
· RLM-RS in RLM requirements,
· SMTC in measurement requirements other than RSSI requirements,
· SSB in TCI state switching requirements,
· SMTC in SCell activation, PSCell addition/release, HO, RRC re-establishment, RRC release with redirection requirements, etc.
· “X not available at the UE” is further clarified in one place, for each X (e.g., where X is configured by the network, X may not be received at the UE during the corresponding period due to the absence of the necessary radio signals from the cell or DL CCA failure, etc.)
· FFS: whether/how to capture in this clarification the number of candidate resources to monitor
· Wait for RAN1 LS response on the number of monitored candidate resources
Furthermore, according to the Exception sheet [9], the remaining scope for RLM and BM requirements for Rel-16 was agreed to be:
· Remaining issues in RLM and LR: 

· OOS requirements for SSB-based RLM

· the set of SSB’s UE is required to monitor

· BFD requirements

Other previous RAN4 agreements on RLM can be found in Annex.

Considering the refined WI scope [9], the current open issues for RLM in NR-U are:

· RLM out-of-sync:

· How to extend the out-of-sync evaluation period

· RLM general:

· SSBs that the UE has to monitor for RLM (wait for RAN1 response LS)

· FFS whether UE can expect gNB to transmit RLM-RS with same transmit power across different occasions (wait for RAN1 response LS)

2 CSI-RS based RLM
The CSI-RS based RLM was removed from the scope for Rel-16 in the Exception sheet [9], hence there is no need to further discuss CSI-RS based RLM for Rel-16.

· Proposal 1: No requirements are defined in Rel-16 for CSI-RS based RLM.
3 SSB transmit power across different occasions during RLM evaluation periods

In RAN4#94-e-bis, RAN4 send an LS [10] to RAN1 on the transmit power of CSI-RS across different occasions and requested to confirm whether a UE can assume that CSI-RS (for L1-RSRP, RLM, BFD and CBD) is transmitted with the same transmit power across different occasions during the measurement period, and whether this also applies to SSB-based RRM measurements.
Discussing the LS [10], RAN1 agreed:

Agreement:
UE can assume that NZP CSI-RS or SS/PBCH block (for L1-RSRP, RLM, BFD, CBD and RRM) is transmitted with the same transmit power across different occasions during the measurement period, as in Rel-15.

And in [11], RAN1 confirms that UE can assume same transmit power of NZP CSI-RS or SSB (for L1-RSRP, RLM, BFD CBD and RRM) across different occasions and can average the measurement during the measurement period.
· Proposal 2: RAN4 defines the RLM requirements, taking into account that the UE can assume that NZP CSI-RS or SS/PBCH block (for L1-RSRP, RLM, BFD, CBD and RRM) is transmitted with the same transmit power across different occasions during the measurement period, as in Rel-15.
4 Number of SSBs to monitor

This is to be discussed together with a more general Ericsson contribution in [12], since the issue is relevant not only for RLM. Based on RAN1 response LS [13], the following is proposed in [12].
· Proposal 3 (Proposal 4 in [12]): Define the core NR-U requirements transparent to the number of SSBs to monitor.

· Proposal 4 (Proposal 5 in [12]): Design test cases with two candidate SSB positions.
The above proposals apply also for RLM. However, since the issue is not unique for RLM, it’s important that RAN4 agrees on the same approach for all relevant NR-U requirements.
· Proposal 5: Agree on the same approach to address the number of SSBs to monitor for all relevant NR-U requirements, including RLM, BM, measurements, etc.
5 SSB-based RLM out-of-sync
In RAN4#95-e, the following was agreed for OOS [7]:
· SSB-based OOS evaluation period [7]
· For SINREST ≤ X dB the OOS evaluation period 
· Option 1: Keep unchanged
· Option 2: Fixed extension of number of samples as follows: 
· L = TBD for max(TSSB, TDRX) ≤ 40, 
· L = TBD for 40 <Max(TDRX, TSSB)≤320 
· L = TBD for TDRX >320
· For SINREST > X dB the OOS evaluation period is FFS
· X = [-7dB]
5.1 SINREST ≥ -7 dB
At least for the case when SINREST ≥ X dB, it is reasonable that the OOS evaluation period is based on the same approach as was agreed for IS evaluation period:
· Proposal 6: At least for SINREST ≥ X dB (X=-7 dB [7]), the RLM out-of-sync evaluation period depends on Lout (Lout ≤ Lout,max), where Lout is the number of SSBs not available at the UE during TEvaluate_out_SSB
RAN4 also needs to decide the maximum values for Lout,max . Given that the number of samples for RLM out-of-sync is twice as large compared to RLM in-sync, it is also logical to assume that Lout,max =2* Lin,max, which gives the following numbers:

· Proposal 7: At least for SINREST ≥ X dB (X=-7 dB [7]), Lout,max values are as follows:

· Lout,max = 14 for Max(TDRX,TSSB)≤40 where TDRX=0 for non-DRX

· Lout,max = 10 for 40<Max(TDRX,TSSB)≤320

· Lout,max = 6 for TDRX>320

RAN4 needs also to define UE behaviour when Lout,max is exceeded. According to TS 38.133: 

“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. A layer 3 filter shall be applied to the out-of-sync indications as specified in TS 38.331.”

As can be seen from the above, generally, since out-of-sync indication is based on the link quality of all configured RLM-RSs, poor quality on a single RLM RS does not trigger the out-of-sync indication to higher layers as long as there are other RLM RSs where the link quality is acceptable.  However, it would be reasonable to assume that upon exceeding Lout,max for one RLM-RS resource the UE behaviour is the same as if the radio link quality for this RLM-RS resource were below Qout.

· Proposal 8: At least for SINREST ≥ X dB (X=7 dB [7]), upon exceeding Lout,max for one RLM-RS resource the UE behaviour is the same as if the radio link quality for this RLM-RS resource were below Qout.
5.2 SINREST < -7 dB
For the case when SINR<-7 dB, our first preference is to have the same approach as for the case when SINR≥-7 dB, but as a compromise it could be agreeable to have option 2 in [7]. 
· Proposal 9: For SINREST < -7 dB, the OOS evaluation period is specified based on either
· Approach 1: same approach as for SINREST ≥ -7 dB (see Proposals 6-8), or
· Approach 2: option 2 in [7], namely
· Fixed extension of number of samples as follows: 
· L = [14] for max(TSSB, TDRX) ≤ 40, 
· L = [10] for 40 <Max(TDRX, TSSB)≤320 ,
· L = [6] for TDRX >320.
5.3 On the definition of SINREST
In [7], it has been agreed:

· SINREST is the estimated SINR at the UE side

· Option 1: Filtered SINR estimate over evaluation period

· Option 2: Current SSB SINR estimate
· Option 3: last available SSB SINR
· Other options are not precluded
We propose that SINREST is denoted by the SSB Es/Iot in the RLM requirements in TS 38.133, which is measured at the UE antenna connector.  This definition is also beneficial for test cases.
· Proposal 10: SINREST is denoted by the SSB Es/Iot in the RLM requirements in TS 38.133.

· Proposal 11: SSB Es/Iot in the RLM requirements is the smallest SSB Es/Iot value over the evaluation period for the corresponding SSB.
6 Summary
The following have been proposed in this contribution.
· Proposal 1: No requirements are defined in Rel-16 for CSI-RS based RLM.

· Proposal 2: RAN4 defines the RLM requirements, taking into account that the UE can assume that NZP CSI-RS or SS/PBCH block (for L1-RSRP, RLM, BFD, CBD and RRM) is transmitted with the same transmit power across different occasions during the measurement period, as in Rel-15.
· Proposal 3 (Proposal 4 in [12]): Define the core NR-U requirements transparent to the number of SSBs to monitor.

· Proposal 4 (Proposal 5 in [12]): Design test cases with two candidate SSB positions.
· Proposal 5: Agree on the same approach to address the number of SSBs to monitor for all relevant NR-U requirements, including RLM, BM, measurements, etc.

· Proposal 6: At least for SINREST ≥ X dB (X=-7 dB [7]), the RLM out-of-sync evaluation period depends on Lout (Lout ≤ Lout,max), where Lout is the number of SSBs not available at the UE during TEvaluate_out_SSB
· Proposal 7: At least for SINREST ≥ X dB (X=-7 dB [7]), Lout,max values are as follows:

· Lout,max = 14 for Max(TDRX,TSSB)≤40 where TDRX=0 for non-DRX

· Lout,max = 10 for 40<Max(TDRX,TSSB)≤320

· Lout,max = 6 for TDRX>320

· Proposal 8: At least for SINREST ≥ X dB (X=7 dB [7]), upon exceeding Lout,max for one RLM-RS resource the UE behaviour is the same as if the radio link quality for this RLM-RS resource were below Qout.
· Proposal 9: For SINREST < -7 dB, the OOS evaluation period is specified based on either
· Approach 1: same approach as for SINREST ≥ -7 dB (see Proposals 6-8), or
· Approach 2: option 2 in [7], namely
· Fixed extension of number of samples as follows: 
· L = [14] for max(TSSB, TDRX) ≤ 40, 
· L = [10] for 40 <Max(TDRX, TSSB)≤320 ,
· L = [6] for TDRX >320.
· Proposal 10: SINREST is denoted by the SSB Es/Iot in the RLM requirements in TS 38.133.

· Proposal 11: SSB Es/Iot in the RLM requirements is the smallest SSB Es/Iot value over the evaluation period for the corresponding SSB.
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8 Annex: RAN4 agreements on RLM from RAN4#94-e-bis and earlier
The following agreements were made on RLM in RAN4#94-e-Bis [6]:

· The set of SSBs that UE is required to monitor
· Define the following UE capabilities
· For RLM/BFD/CBD UE is required to monitor at least N1 candidate SSB positions from the set of SSBs that are QCLed with each other within the set of configured resources

· For intra and inter-frequency measurements UE is required to monitor at least N2 candidate SSB positions from the set of SSBs that are QCLed with each other within SMTC 

· FFS for the case Q is not provided to the UE

· FFS how to handle IDLE mode capabilities

· Candidate N1 and N2 values are [1, 2, …]

· FFS whether N1 = N2
· FFS whether to have different capabilities for FBE and LBE modes

· Send LS to RAN1 to ask for feedback on candidate values N1 and N2 taking into account impact on the overall system performance

· Further discuss other cases
· For both LBE and FBE, RLM requirements shall not rely on COT

· OOS evaluation period for SSB-based RLM
· Option 2: OOS evaluation is based on Lout, where Lout ≤Lout,max is the number of SSBs not available at the UE during TEvaluate_out_SSB 
· Option 3: The evaluation period is scaled by a fixed scaler

· FFS: excluding samples whose SNR is higher than X dB

· Whether UE can expect gNB to transmit RLM-RS with same transmit power across different occasions

· Send LS to RAN1 in RAN4#95-e meeting about the observation from RAN4 perspective about concern on transmit power of RS 
· In RAN4#95-e meeting, RAN4 decides whether to keep working on CSI-RS based RLM requirement in Rel-16

The following agreements were made on RLM in RAN4#94-e [5]:

· SSB-based RLM:

· For SSB-based RLM in-sync

· Lin,max = 7 for Max(TDRX,TSSB)≤40 where TDRX=0 for non-DRX

· Lin,max = 5 for 40<Max(TDRX,TSSB)≤320

· Lin,max = 3 for TDRX>320
· No additional requirements for due to consecutively missing SSBs due to for SSB-based RLM INS

· The set of SSB that UE is required to monitor:
· Option 1: UE is required to monitor at least one SSB from the set of SSBs that are QCLed with each other 

· Option 2: UE is required to monitor SSBs from the set of SSBs that are QCLed with each other within the set of configured RLM-RS resources, until it detects an SSB during this SMTC during RLM or link recovery procedures 

· Option 3: UE shall monitor all SSBs configured for RLM, regardless of QCL information 

· The RLM requirements shall not rely on COT information availability

· FFS whether the decision is applicable to both FBE and LBE or only one of them

· FFS whether UE can expect gNB to transmit RLM-RS with same transmit power across different occasions

· Whether to extend the OOS evaluation period based on the number of unavailable SSB

· Option 1: No. Out-of-sync evaluation period is extended by a fixed number of samples 

· Option 1a: No. Out-of-sync evaluation period excluding the available SSB is scaled by a fixed factor of N

· Option 2: Yes. OOS evaluation is based on Lout, where Lout ≤Lout,max is the number of SSBs not available at the UE during TEvaluate_out_SSB 

· Option 3: Select option 2 in FBE networks and option 1 in LBE networks 

· CSI-RS based RLM

· How to handle CSI-RS based RLM

· Option 2: Adopt the same approach for the extension of the INS and OOS evaluation periods for CSI-RS based RLM as in SSB based RLM 

· Option 3: RAN4 deprioritizes defining requirements for CSI-RS based RLM in Rel-16 NR-U networks.

The following agreements were made on RLM in RAN4#93 [1]:

For RLM in-sync:

· FFS whether and how to take into account COT and LBT failures in the RLM requirements

· Lin,max

· Option 1: 

Lin,max = [7] for Max(TDRX,TSSB)≤40 where TDRX=0 for non-DRX

Lin,max = [5] for 40<Max(TDRX,TSSB)≤320

Lin,max = [3] for TDRX>320

· FFS whether for longer DRX cycles > 640, an additional criterion applies, to limit the acceptable period of consecutive LBT failures to [X] seconds

For RLM out-of-sync:

· Extend the out-of-sync evaluation period

· Option 1: Out-of-sync evaluation period is scaled by a fixed factor of N (N > 1)

· Option 2: Same as for other measurements (out-of-sync evaluation is based on Lout, where Lout ≤Lout,max is the number of SSBs not available at the UE during TEvaluate_out_SSB)

· FFS if UE can distinguish whether signal is available for RLM out-of-sync

RLM general:

· QCL-ed SSBs: 

· Option 1: 

· UE is required to monitor at least one SSB from the set of SSBs that are QCLed with each other

· Option 2: 

· UE is required to monitor all SSBs from the set of SSBs that are QCLed with each other

· Option 3: 

· UE is required to monitor all SSBs regardless of QCL assumptions

· RLM requirements based on periodic CSI-RS (TCSI-RS) are to be defined in Rel-16

· Background: RAN1 agreed that CSI-RS-based RLM-RS both within and outside the SSB-based RLM measurement window (i.e., DRS transmission window) can be used for in-sync and out-of-sync evaluations (resolves FFS from previous agreement)

In RAN4#92-bis, the following agreements were made on RLM in-sync [2]:

· Lin is the number of SSBs not available at the UE during TEvaluate_in_SSB, where Lin ≤ Lin,max.
· Lin,max = TBD for Max(TDRX,TSSB)≤40 where TDRX=0 for non-DRX
· Lin,max = TBD for 40<Max(TDRX,TSSB)≤320
· Lin,max = TBD for TDRX>320
· Further complementary agreements to the earlier agreed (in RAN4#92) table:

[image: image1.png]Configuration TEyaluate_in_ssB (MS)

no DRX Max(100, Ceil((5 + Liy*P)*Tssa)

DRX cycle<320 Max(100, Ceil(IERESENIEP) * Max(Torx, Tsss))
DRX cycle>320 Ceil((5 + Lin)*P)* 00N

NOTE 1: Tssg is the periodicity of the SSB configured for RLM. Tprx is the DRX cycle length.





· UE behaviour when Lin,max is exceeded:

· For this evaluation period, UE layer 1 shall not send any in-sync indication to higher layers.

In RAN4#92, the agreements on RLM were [3]:

· The same target BLER levels are used as a baseline for NR-U and for Rel-15 NR

· Define the NR-U RLM requirements for SSB RLM resources within DRS window

· RAN4 does not work on RLM requirements for any new RLM metric, unless RAN1 decides to define such

· Maximum value of Lin is TBD
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