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Introduction
In RAN4#95-e meeting, RLM requirements were further discussed and a reply LS from RAN1 was received later in the meeting in response to ask for feedback regarding UE capabilities N1 and N2. Further talking points were captured in the WF [1]. In this paper, we further discuss the RLM requirements. 
Set of SSBs to monitor
In RAN4#94-e-Bis meeting, an LS was sent to RAN1 to solicit feedback on N1/N2 capabilities:
· 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



RAN1 reply LS was received late during RAN4#95-e meeting as in the following [2]:
[Question 1] Provide feedback whether monitoring within a given discovery burst transmission window all candidate SS/PBCH block indexes corresponding to the same SS/PBCH block index is mandatory for UEs.

[RAN1 answer] During RAN1 discussion, we did not reach consensus on how to set N1 and N2 values. However, it is RAN1 understanding that RAN4 may choose not to define different RLM/RRM performance requirements corresponding to different N1/N2 capabilities. Hence, assuming a single RLM/RRM performance requirement, the introduction of N1/N2 UE capabilities is not necessary. It is RAN1 understanding that how many candidate SS/PBCH block indexes corresponding to the same SS/PBCH block index the UE should monitor in a given discovery burst transmission window can be left as UE implementation, as long as the single RLM/RRM performance requirement is met.

As a consequence, RAN1 has agreed that from RAN1 perspective, N1 and N2 should not be defined as UE capabilities.

[Question 2] Provide feedback on the values of N1 and N2, considering the impact on the network performance if UEs are not monitoring all candidate positions. 

[RAN1 answer] See answer to question 1 (N1 and N2 should not be defined as UE capabilities).

[Question 3] Provide feedback on whether differentiation is needed for UEs operating in FBE and LBE modes.

[RAN1 answer] See answer to question 1 (N1 and N2 should not be defined as UE capabilities). 



To support IIoT use case in unlicensed band, a FBE mode (semi-static channel access) is supported in NR-U for better QoS (for URLLC traffic). In FBE, Cat 2 LBT is used for contending for channel at a fixed time grid. There are no Cat 4 LBT and hence no uncertainty in channel access time exists. FBE is used when the operator can guarantee a controlled environment (no WiFi neighbors). Hence, in FBE mode, the rate of LBT failure is extremely small. FBE mode of operation will be announced in RMSI along with fixed frame period (FFP) configuration. It can also be signaled for a UE with UE-specific RRC signaling for FBE SCell use case. In R16, only gNB contends for the channel and UE transmissions within a FFP can occur if DL signals/channels (e.g., PDCCH, SSB, PBCH, RMSI, GC-PDCCH, …) within the FFP are detected. The FFP is restricted to values of {1ms, 2ms, 2.5ms, 4ms, 5ms, 10ms} including idle period and the starting positions of the FFPs within every two radio frames starts from an even radio frame and are given by i*P where i={0,1,.., 20/P-1} where P is the FFP in ms.
Furthermore, FBE and LBE mode of operations are both optional UE capabilities and UE can signal capability to support either FBE or LBE or both as in the following:
	[bookmark: _Hlk46932502]10-2c 
	SSB-based RLM for dynamic channel access mode 
	1. SSB-based RLM with Q for dynamic channel access mode
	Optional with capability signaling 

	10-2d
	SSB-based RLM for semi-static channel access mode 
	1. SSB-based RLM with Q for semi-static channel access mode, when DRS window is no longer than the fixed frame period
	Optional with capability signaling 



Observation 1. UE can signal capability to support only semi-static channel access mode, only dynamic channel access mode, or both. 
In FBE, if FFP is greater than, or equal to, SMTC window, then unavailability of any SSB index within SMTC means unavailability of all the other SSB indices within the same SMTC. This is shown in Figure 1 with 10ms and 2.5ms FFP with 5ms SMTC window. In the top figure, the entire first SMTC window length is available and the entire second SMTC window length is unavailable since the FFP is 10 ms. In the bottom figure with FFP of 2.5ms, unavailability of channel can make half of total candidate SSB position indices unavailable. Therefore, FBE mode of operation can significantly reduce the UE complexity even if it was required to monitor all QCL’ed SSBs. 
Observation 2. In semi-static channel access mode, UE can assume that unavailability of DL due to LBT in a fixed frame period leads to unavailability of all consecutive SSBs within the same fixed frame period. 


Figure 1 semi-static channel access mode and impact on RRM as a function of FFP

As agreed in UE capabilities in RAN1 feature list, the default mode in semi-static channel access is when SMTC window is not larger than FFP; i.e., the bottom part of Figure 1 is excluded. 
Observation 3. Per agreed UE feature list, default mode in semi-static channel access is when SMTC window is not larger than FFP.  
Effectively, Observation 3 means that a DL LBT failure leads to loss of the entire SMTC window which means that all candidate SSB positions that are QCL’ed are lost anyway. The situation then is a binary case of either receiving all SSBs within an SMTC or not receiving any SSBs within an SMTC. Hence, the entire discussion on monitoring multiple SSB positions within an SMTC window is not relevant to semi-static channel access. 
Proposal 1. For UE’s supporting semi-static channel access, monitoring multiple QCL’ed SSB’s within an SMTC occasion is irrelevant. Effectively, N1=1 per agreements in RAN1 UE feature list. 
For dynamic channel access, RAN4 already agreed to define capabilities N1/N2 for both RLM and RRM in RAN4#94-e-Bis and should continue to discuss this topic. As a compromise, it is proposed that UE supports monitoring the first N1 = N2 = 2 SSBs that are QCL’ed in an SMTC window. Depending on the value of Q, the two SSBs can be spaced apart enough. Our view is that if UE does not receive any of the first two SSBs in an SMTC window due to LBT, it is unlikely to receive the next ones (i.e., the LBT situation is unlikely to improve). Monitoring first two SSBs allow UE to still have a reasonable degree of complexity in implementation and power savings opportunity while benefiting from the enhancements designed by RAN1. 
Proposal 2. For dynamic channel access mode, UE is required to monitor the first N1 = 2 SSBs that are QCL’ed within an SMTC window regardless of the value of Q. 
Scaling of evaluation periods
For OOS evaluation period, RAN4 further discussed and the following open issues remain [1]:
· Whether UE is able to distinguish the unavailable RLM-RS in low SNR in NR-U 
· 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.


Based on our simulation results, in order to have > 90% probability of SSB detection, Es/Iot > -7 dB considering a wide range of channel conditions and Doppler values. X = -7 dB is also aligned with Qin threshold in RLM performance tests and thus is suitable for NR-U as well.
Proposal 3. UE is not able to distinguish the unavailable RLM-RS for Es/Iot ≤ -7dB.
SSB-based OOS evaluation period
· 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


For the OOS evaluation period, our view is that the fixed scalar should be equal to 1 which means that the OOS evaluation period is independent of DL LBT failure and the same as R15. Then, the OOS and IS evaluation period will have the same 2x relationship in the absence of LBT failure (which is the typical operating mode in a majority of time particularly in semi-static channel access mode). If the base OOS evaluation period is similar to R15, then it can further be adjusted by increasing the N310 counter to accommodate a further extension for DL LBT failures. In our view, this is more flexible and reasonable compared to having a larger than 1 scaling factor regardless of DL LBT failure statistics. Moreover, we do not believe that OOS evaluation period should be treated differently depending on the estimated SINR. The OOS evaluation period should be known and determined in advance by the UE. If it continuously changes depending on the estimated SINR (e.g., extended if SINREST > X dB and not extended otherwise), then UE will have to continuously assess its length and end point. This requires a certain UE implementation only.
Proposal 4. The OOS evaluation period is scaled by a fixed scalar of 1.0 (i.e., unchanged from R15) regardless of SINREST value. 
With respect to the definition of SINREST, our view is that option 2 is the most suitable. SINREST cannot be filtered over the evaluation period as the bursty nature of LBT failure will then not be reflected. Moreover, SINREST should be consistent between OOS and INS and since the INS evaluation period is dependent on LBT failure, SINREST in INS has to be the current SSB SINR estimate rather than a filtered version.
Moreover, option 3 is not feasible since RAN4 already agreed that “availability” of SSB cannot be reliably established in OOS condition.
Proposal 5. SINREST in OOS to be consistent with SINREST in INS and be based on current SSB SINR estimate. 
CSI-RS based RLM
CSI-RS based RLM, LR, and RRM are down-scoped in NR-U per RAN#88-e plenary discussions and should not be further discussed in R16.
Conclusions
Observation 1. UE can signal capability to support only semi-static channel access mode, only dynamic channel access mode, or both. 
Observation 2. In semi-static channel access mode, UE can assume that unavailability of DL due to LBT in a fixed frame period leads to unavailability of all consecutive SSBs within the same fixed frame period (FFP). 
Observation 3. Per agreed UE feature list, default mode in semi-static channel access is when SMTC window is not larger than FFP.  
Proposal 1. For UE’s supporting semi-static channel access, monitoring multiple QCL’ed SSB’s within an SMTC occasion is irrelevant. Effectively, N1=1 per agreements in RAN1 UE feature list. 
Proposal 2. For dynamic channel access mode, UE is required to monitor the first N1 = 2 SSBs that are QCL’ed within an SMTC window regardless of the value of Q. 
Proposal 3. UE is not able to distinguish the unavailable RLM-RS for Es/Iot ≤ -7dB.
Proposal 4. The OOS evaluation period is scaled by a fixed scalar of 1.0 (i.e., unchanged from R15) regardless of SINREST value. 
Proposal 5. SINREST in OOS to be consistent with SINREST in INS and be based on current SSB SINR estimate. 
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