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1 Introduction
The following agreements were made on RLM in RAN4#92-bis [1]:
· 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.

Some earlier agreements from RAN4#92 [2]:
· 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
2 Discussion
2.1 Remaining issues on RLM in-sync
For RLM in-sync, the parameter Lin,max still needs to be decided. The general approach is that a smaller Lin,max should be used for longer evaluation occasions which depend on DRX cycle length and SSB periodicity. Furthermore, Lin,max should also be defined to reflect realistic channel occupancy.
Based on the above approach, the proposed values for Lin,max are as follows:
	Lin,max
	Condition
	Number of samples in Rel-15

	7
	Max(TDRX,TSSB)≤40 where TDRX=0 for non-DRX
	5

	5
	40<Max(TDRX,TSSB)≤320
	5

	3
	TDRX>320
	5


One should also keep in mind that Lin,max is the number of missed occasions during the entire evaluation period. The number of consecutively missed occasions logically cannot exceed Lin,max but it is additionally limited by the known cell requirement (currently 5 seconds in NR but it needs to be extended for NR-U, since otherwise the longest DRX can never be configured because even with a single missed occasion the time between remaining closest occasions becomes 5.12 seconds).
· Proposal 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

· Proposal 2: A note is added in the RLM requirements table that the number of consecutive SSB occasions not available at the UE due to DL LBT failure at gNB is further limited by the known cell requirement, with a reference to the place in TS 38.133 where it is defined.
2.2 Discussion on RLM out-of-sync

2.2.1 On the need to adapt RLM out-of-sync requirements for NR-U

Not much progress has been made so far for RLM out-of-sync, which puts one of the most important functionalities under the risk in NR-U. Having the RLM out-of-sync evaluation period will cause multiple problems resulting in RLM functionality non-working properly, e.g.:

· UE will use all samples for evaluation so BLER mapping will not make any sense anymore for RLM out-of-sync
· Because of false samples for out-of-sync the UE can trigger out-of-sync, even at high SINR and in a low channel occupancy scenario, and even indicate in-sync at the same time since the evaluation is done on a different set of samples than for out-of-sync
· RLM becomes unreliable and even unpredictable
· RLM-out-of-sync will be triggered very frequently

The above issues are addressed when the UE differentiates between occasions with SSB available and SSB not available at the UE. Some companies argued that it is not feasible for the UE to differentiate between these occasions for RLM out-of-sync, but this argument does not consider, for example, which SINR levels would be relevant for NR-U.
2.2.2 On applicable SINR levels for RLM out-of-sync
In NR, it has been assumed that the UE has to deal with very low SINRs for RLM out-of-sync, e.g., SNR1=1 dB, SNR2=-7 dB, and SNR3=-15 dB for T1, T2, and T3, respectively (see figure 1).
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Figure 1: SNR variation for out-of-sync testing.

NR-U scenario is very much different. In fact, the CCA mechanism enables dynamic time reuse among the closest interferers in the network, which effectively means much higher SINRs in general in an NR-U network. Figure 2 shows mean and 5th percentile SINRs for NR-U – NR-U co-existence and NR-U – WiFi co-existence scenarios, based on the evaluation assumptions agreed in RAN1 [3]. One can observe that the SINRs are all above -5 dB and are actually much higher for NR-U – NR-U co-existence scenario. The last points of the curves correspond to buffer occupancy of 83% and higher (note that the proposed Lout,max values below correspond to the probability of CCA failure level below 60%). The SINRs never go to down to the levels assumed for NR RLM, which was expected with CCA.
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Figure 2: Mean and 5th percentile SINRs in different co-existence scenarios.
· Proposal 3: Higher SINRs can be configured in NR-U RLM test cases, compared to Rel-15 NR.

2.2.3 RLM out-of-sync requirements in NR-U
For RLM out-of-sync, RAN4 needs to decide the evaluation period. It is proposed to use the same approach for RLM out-of-sync as for RLM in-sync. RAN4 also needs to decide the maximum values for Lout,max . Given than 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.
· Proposal 4: For RLM out-of-sync, define evaluation period which depends on Lout , where Lout is the number of SSBs not available at the UE during TEvaluate_out_SSB
· Proposal 5: Define values for Lout,max which is the maximum for Lout (Lout ≤ Lout,max)

· Proposal 6: 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 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
3 Summary
The following have been proposed in this contribution:
· Proposal 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

· Proposal 2: A note is added in the RLM requirements table that the number of consecutive SSB occasions not available at the UE due to DL LBT failure at gNB is further limited by the known cell requirement, with a reference to the place in TS 38.133 where it is defined.

· Proposal 3: Higher SINRs can be configured in NR-U RLM test cases, compared to Rel-15 NR.

· Proposal 4: For RLM out-of-sync, define evaluation period which depends on Lout , where Lout is the number of SSBs not available at the UE during TEvaluate_out_SSB
· Proposal 5: Define values for Lout,max which is the maximum for Lout (Lout ≤ Lout,max)

· Proposal 6: 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 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
4 References
[1] R4-1912846, WF on RRM Requirements for NR-U, Ericsson, Oct. 2019.
[2] R4-1910551, WF on RRM Requirements for NR-U, Ericsson, Qualcomm Inc., Nokia, Nokia Shanghai Bell, Aug. 2019.

[3] R1-1811297, Coexistence evaluation results for NR-U and Wi-Fi, Ericsson, Oct. 2018.

PAGE  
3

