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Introduction
In RAN4#94-e-Bis meeting, RLM requirements were further discussed and it was agreed to send an LS to RAN1 and ask for feedback regarding UE capabilities N1 and N2 [1]. Further talking points were captured in the WF [2]. In this paper, we further discuss the RLM requirements. 
Set of SSBs to monitor
· 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



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:
	10-1
	UE stand-alone (DL and UL) operation in shared spectrum under dynamic channel access mode 
	1. Type 1 channel access
2. Type 2A channel access
3. Type 2B channel access (FFS if move this to separate feature)
4. Type 2C channel access
5. 20MHz LBT bandwidth
6. Contention window adjustment
7. CP extension up to 1 symbol for PUSCH/PUCCH transmission
8. SSB/MIB/RMSI reception with Q
9. SSB RRM with Q in DMTC
10. SSB-RLM with Q in DMTC window
11. Support of RAR extension from 10ms to [40ms] by decoding of the 2-bit SFN indication in DCI 1_0
	Optional with capability signalling

	10-2
	UE stand-alone (DL and UL) operation in shared spectrum under semi-static channel access mode 

	1. Type 2C channel access
2. Single sensing slot of 9us channel access
3. 20MHz LBT bandwidth
4. SSB/MIB/RMSI reception with Q
5. SSB RRM with Q in DMTC
6. SSB-RLM with Q in DMTC window
7. Support of RAR extension from 10ms to [40ms] by decoding of the 2-bit SFN indication in DCI 1_0
8. Support fixed frame period of 5ms and 10ms
	Optional with capability signalling



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

Observation 2. Due to deployment in controlled environments (no WiFi neighbors), the rate of LBT failure in semi-static channel access mode is extremely smaller than dynamic channel access mode.
Given the reduced UE complexity and minimal rate of LBT failure in FBE mode, it does not make sense for FBE mode UE’s to support requirements that are suitable for LBE mode. Moreover, when RAN4 discusses the performance part, the LBT patterns devised for performance tests need to consider two distinct scenarios: one type of LBT pattern based on FFP and another type of LBT pattern based on time scale smaller than FFP. 
Proposal 1. UE capabilities N1 and N2 to be differentiated in semi-static channel access mode and dynamic channel access mode. 
Proposal 2. For semi-static channel access mode, N1 = N2 = 1.
Regarding the knowledge of Q factor by UE, RAN1 made the following agreement in the last meeting:
Agreement
· For RRM measurement configuration from MeasObjectNR and SIB2/SIB4, network always provides a common Q value (ssb-PositionQCL-Common-r16) per frequency to UE. 
· For SCell addition, SCG addition, and reconfiguration with sync, the Q value of the cell to be added is always provided to UE via dedicated RRC signaling, i.e. ssb-PositionQCL-r16 in ServingCellConfigCommon. 
· An LS is to be sent to RAN2 and RAN4 for the above.

Proposal 3. Except for initial access, Q factor is always known to UE.
 Scaling of evaluation periods
For OOS evaluation period, RAN4 did not make any progress and the following options were listed again:
· 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


Proponents of option 2 have not provided convincing arguments on how UE can differentiate poor channel condition from DL LBT failure. UE cannot combine more samples as there is no guarantee that even the additional samples are absent due to DL LBT failure or poor channel condition. Option 2 is practically infeasible. 
If option 3 is to be pursued, then 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.
Proposal 4. The OOS evaluation period is scaled by a fixed scalar of 1.0.
CSI-RS based RLM
· 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



Maintenance of constant transmit power across different CSI-RS periods is essential to making CSI-RS based RLM work and the decision on whether RAN4 should continue working on CSI-RS based RLM or not must be made after receiving LS reply from RAN1 (which may or may not happen during RAN4#95-e meeting).
Proposal 5. RAN4 to decide on working on CSI-RS based RLM requirement after receiving LS reply from RAN1.
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. 
Proposal 1. UE capabilities N1 and N2 to be differentiated in semi-static channel access mode and dynamic channel access mode. 
Proposal 2. For semi-static channel access mode, N1 = N2 = 1.
Proposal 3. Except for initial access, Q factor is always known to UE.
Proposal 4. The OOS evaluation period is scaled by a fixed scalar of 1.0.
Proposal 5. RAN4 to decide on working on CSI-RS based RLM requirement after receiving LS reply from RAN1.
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