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Introduction
During the last couple of meetings, RAN4 agreed to extend the evaluation period for RLM IS, BFD and CBD to account for unavailable SSBs due to DL LBT. RAN4 also discussed the extension of evaluation period for RLM OOS but could not agree to it.
RAN4 also discussed how UE should monitor SSBs for RLM when multiple SSBs are QCLed within one SS burst set.
This contribution focuses on several aspects: First, how to define unavailable SSBs in NR-U network. Second, whether RLM OOS evaluation period should be extended or not. Third, ensuring that gNB transmits SSB with the same transmit power in different SMTC occasions.
Unavailable SSB or Missed DRS Occasions in NR-U
During the last couple of meetings, RAN4 agreed to extend the RLM IS, BFD and CBD evaluation periods [1], [2]
	Agreement: 
[image: ]

Agreement: 
Evaluation time for BFD is as follows, where the maximum value for LBFD is TBD:
	Configuration
	TEvaluate_BFD_SSB (ms) 

	no DRX
	max([50], ceil((5+LBFD)*P)*TDRS)

	DRX cycle ≤ 320ms
	max([50], ceil((7.5+LBFD)*P)*max(TDRX,TDRS))

	DRX cycle > 320ms
	ceil((5+LBFD)*P)*TDRX

	NOTE 1:	TDRS is the periodicity of DRS in the set [image: ]. TDRX is the DRX cycle length.
NOTE 2:  LBFD is the total number of missed DRS occasions due to LBT.



Agreement: 
Evaluation time for CBD is as follows, where the maximum value for LCBD is TBD:
	Configuration
	TEvaluate_CBD_SSB (ms) 

	non-DRX, DRX cycle ≤ 320ms
	ceil(([3]+LCBD)*P) * TDRS

	DRX cycle > 320ms
	ceil(([3]+LCBD)*P) * TDRX

	NOTE 1:	TDRS is the periodicity of DRS in the set [image: ]. TDRX is the DRX cycle length.
NOTE 2:  LBFD is the total number of missed DRS occasions due to LBT.






The above agreement raises the following question: How do we define “unavailable SSBs” or “Missed DRS Occasions” in NR-U? This question is pertinent because RAN1 allowed network to configure multiple SSBs within the SS burst set that are QCLed with each other. In light of this, RAN4 made the following agreement in the last meeting [3]
	Agreement:
· 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

	



Option 2 and 3 force UE to measure multiple SSBs that are QCLed with each other before declaring it to be unavailable. , continuously monitoring all SSB position indices has adverse impact on UE power consumption as discussed next and is not even necessary most of the time. 
UE baseband processing typically lags RF sample streaming and capture by a few slots. With minimum distance of less than a slot between two successive SSB position indices and small values of Q (e.g., 1 or 2), it is not possible for UE to enable or disable sample capture and measurement in the next SSB position candidate based on the detection of previous SSB position candidate as this imposes heavy timeline requirements on baseband processing and tight turn-around budget between baseband and RF unit. An alternative solution is for UE to always capture the entire SMTC window (which can be max of 5ms) regardless of DL CCA pass/fail and perform conditional measurement on other candidate SSB positions if needed. However, this increases the UE power consumption compared to a R15 UE. Moreover, the reliability of presence/absence detection of an SSB in a candidate position is questionable particularly in low SNR condition. In addition, in many deployments such as Industrial IoT or FBE, the rate of CCA failure is quite low. Hence, mandating a UE supporting operating in unlicensed spectrum to always monitor all candidate SSB positions is a high and unnecessary burden.
Observation 1: Mandating a NR-U UE to always monitor all candidate SSB positions during measurement phase results in increased power consumption compared to a R15 UE. In addition, in many deployments such as Industrial IoT or FBE, the rate of CCA failure is quite low. 
We understand that the RAN1 enhancement in introduction of candidate SSB position index is helpful and should be taken advantage of. However, the minimum requirements in RAN4 should not be based on this assumption. A UE is certainly allowed to benefit from this enhancement and may have two modes of operation: one in which it only monitors and measures the identified SSB index in the detected position and another in which it monitors all candidate SSB position indices. UE can switch between these two modes based on CCA failure rate in larger time scales, but the requirements should apply to the former mode. 
Proposal 1: UE is required to monitor at least one SSB from the set of SSBs that are QCLed with each other.

Extension of RLM OOS Evaluation Period 
RAN4 has already extended the evaluation period of CBD and RLM IS to account for DL LBT. RAN4 is currently discussing if RLM OOS evaluation period needs to be extended to account for DL LBT. 
	
Agreement:
· 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




One argument against the extension is that UE will not be able to differentiate DL LBT vs poor link quality at low SNR conditions. If UE cannot differentiate between poor channel conditions and LBT backoff, it will not know whether it should extend the evaluation period. This can lead to two different issues.
In the first scenario, network cannot transmit due to LBT failure, but UE mistakenly assumes that the link quality is poor. In this case, UE generates an OOS indication although the link quality was good.
In the second scenario, link quality is poor but UE mistakenly assumes that network could not transmit due to LBT failure. In this case, UE waits for a longer period to generate an OOS indication. 
Observation 2: 
If UE cannot distinguish whether signal is available for RLM OOS, adoption of option 2 may lead to following two different scenarios.
· In the first scenario, network does not transmit due to LBT failure, but UE mistakenly assumes that the link quality is poor. In this scenario, UE generates an OOS indication although the link quality was good.
· In the second scenario, link quality is poor, but UE mistakenly assumes that network could not transmit due to LBT failure. In this scenario, UE waits for a longer period to generate an OOS indication. 
· Option 1 solves the issue of the first scenario.
On the other hand, if UE can distinguish whether signal is available for RLM OOS, then option 2 has obvious merits. 
In FBE mode of operation, UE can reliably establish availability of the channel, and hence RLM-RS, for fixed frame periods (FFP) as indicated in SIB-1. Moreover, The rate of DL CCA failure will be quite low in FBE networks. Hence, option 2 can be adopted there. However, the rate of DL CCA failure will be quite high in LBE networks and UE will not be able to distinguish between poor channel conditions and DL CCA failure quite frequently.
Observation 3: In FBE mode of operation, UE can reliably establish availability of the channel, and hence RLM-RS, for fixed frame periods (FFP) as indicated in SIB-1.

Proposal 2: Select option 2 in FBE networks and option 1 in LBE networks, i.e.,
· OOS evaluation period is scaled by a fixed factor of N in LBE networks and
· OOS evaluation period is based on Lout in FBE networks, where Lout ≤Lout,max is the number of SSBs not available at the UE during TEvaluate_out_SSB

Transmit power of RLM-RS across different SMTC windows
In NR-U, network may be configured with multiple LBT sub-bands within a carrier. SMTC windows can be simultaneously configured across these multiple LBT sub-bands. Sometimes, gNB may find a subset of the LBT sub-bands to be congested and transmit RLM-RS only in the remaining LBT sub-bands. In these scenarios, gNB can transmit RLM-RS in the remaining sub-bands with higher power and the transmit power of RLM-RS may not remain the same across different SMTC windows. As a result, UE can’t properly evaluate the link quality by estimating the received signal of RLM-RS across different SMTC windows. Hence, gNB should transmit RLM-RS with the same transmit power across different SMTC windows.
Observation 4:  UE can’t properly evaluate the link quality if the transmit power of RLM-RS does not remain the same across different SMTC windows.
Proposal 3: UE expects gNB to transmit RLM-RS with same transmit power across different SMTC windows.


Support of CSI-RS based RLM
RAN1 has also agreed to support CSI-RS based RLM in NR-U networks. Ideally, RAN4 should also discuss CSI-RS based RLM. The requirements of CSI-RS based RLM can be defined using those of SSB based RLM. But there are still several open issues in NR-U networks, including SSB based RLM in NR-U. Hence, RAN4 should deprioritize defining RRM requirements for CSI-RS based RLM in Rel-16.
Observation 5:  The requirements of CSI-RS based RLM can be defined using those of SSB based RLM. 
Proposal 4: RAN4 deprioritizes defining requirements for CSI-RS based RLM in Rel-16 NR-U networks.
Conclusion
Observation 1: Mandating a NR-U UE to always monitor all candidate SSB positions during measurement phase results in increased power consumption compared to a R15 UE. In addition, in many deployments such as Industrial IoT or FBE, the rate of CCA failure is quite low. 
Observation 2: 
If UE cannot distinguish whether signal is available for RLM OOS, adoption of option 2 may lead to following two different scenarios.
· In the first scenario, network does not transmit due to LBT failure, but UE mistakenly assumes that the link quality is poor. In this scenario, UE generates an OOS indication although the link quality was good.
· In the second scenario, link quality is poor, but UE mistakenly assumes that network could not transmit due to LBT failure. In this scenario, UE waits for a longer period to generate an OOS indication. 
· Option 1 solves the issue of the first scenario.
Observation 3: In FBE mode of operation, UE can reliably establish availability of the channel, and hence RLM-RS, for fixed frame periods (FFP) as indicated in SIB-1.
Observation 4:  UE can’t properly evaluate the link quality if the transmit power of RLM-RS does not remain the same across different SMTC windows.
Observation 5:  The requirements of CSI-RS based RLM can be defined using those of SSB based RLM. 
Proposal 1: UE is required to monitor at least one SSB from the set of SSBs that are QCLed with each other.
Proposal 2: Select option 2 in FBE networks and option 1 in LBE networks, i.e.,
· OOS evaluation period is scaled by a fixed factor of N in LBE networks and
· OOS evaluation period is based on Lout in FBE networks, where Lout ≤Lout,max is the number of SSBs not available at the UE during TEvaluate_out_SSB
Proposal 3: UE expects gNB to transmit RLM-RS with same transmit power across different SMTC windows.
Proposal 4: RAN4 deprioritizes defining requirements for CSI-RS based RLM in Rel-16 NR-U networks.
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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.





