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Introduction
In RAN4#94-e meeting, RLM requirements were further discussed and the followings were captured in the WF [1]:
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 



In this paper, we discuss the remaining open issues.
SSB-based RLM
 Clarification on set of SSBs to monitor	
In RAN4#94-e meeting, there were questions and concerns on the wording of option 1. In our view, some of these concerns are valid particularly given how option 2 was rephrased and clarified in the last meeting. Hence, before getting into details of the discussion, our understanding of option 1 is explained and further proposed to rephrase it to address the concerns.
It is clear from TS 38.213 that UE can be configured with more than one RLM-RS to monitor in R15. NR-U also inherits the same possibility. Moreover, UE is expected to perform RLM inside the discovery burst window (a.k.a. SMTC). UE assumes that SS/PBCH blocks in a serving cell that are within the same SMTC window or across SMTC windows are QCL’ed, if a value of ( mod) is same among the SS/PBCH blocks.   is an index of a DM-RS sequence transmitted in a PBCH of a corresponding SS/PBCH block, and  is either provided by ssbPositionQCL-Relationship-r16 or, if ssbPositionQCL-Relationship-r16 is not provided, obtained from a MIB provided by a SS/PBCH block according to Table 4-1 of TS 38.213. Hence, each configured RLM-RS can have one or more candidate positions. For instance, if two RLM-RS are configured (e.g. SSB#0 and SSB#1) for UE and  = 4, then there are 2x4 possible candidate positions that UE can monitor for RLM (SSB#0, 4, 8, 16 for the first RLM-RS and SSB#1, 5, 9, 17 for second RLM-RS). Our understanding of option 1 is that UE should be required to monitor at least one of candidate SSB position indexes in every evaluation period for each configured RLM-RS. In our example, UE should be required to monitor at least one position for every RLM-RS totalling 2 positions. 
Proposal 1. Option 1 to be rephrased as:
· UE is required to monitor at least one candidate SSB position index for each configured RLM-RS in every evaluation period

 FBE vs. LBE requirements
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 [2]:
	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



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 1. 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. So if RAN4 cannot agree on Option 1 above as the minimum requirements for both modes, then the alternative option is to introduce different requirements for the two modes.
Proposal 2. If RAN4 cannot agree on option 1 as baseline RLM requirements, different RLM requirements for semi-static and dynamic channel access modes to be defined.
Proposal 3. For semi-static channel access mode, UE is required to monitor at least one candidate SSB position index for each configured RLM-RS in every evaluation period (Option 1).
 Scaling of evaluation periods
We have iterated a few times that Multi-Fire Alliance (MFA) adopted a fixed scaling factor of OOS evaluation period compared to INS and the requirements did not distinguish LBT failure from poor channel conditions in any way. In the previous meeting, there were comments that MFA did the opposite. To set the record straight, the MFA requirements are reproduced here from MFA TS 36.133:
Table 7.6.2.1-1MF: Qout Evaluation Periods for MF DMTC Periodicity (ms) 
TEvaluate_Qout_MF (ms) 
40 
880 
80 
1280 
160 
2560 

Table 7.6.2.1-2MF: Qin Evaluation Periods for MF DMTC Periodicity (ms) 
TEvaluate_Qin_MF (ms) 
40 
440 
80 
640 
160 
1280 

For MF, within TEvaluate_Qin_MF, the in-sync evaluation shall take into account samples for which a transmission is detected as well as missing DRS samples within the serving cell DMTC window, and within TEvaluate_Qout_MF, the out-of-sync evaluation shall take into account samples within serving cell DMTC for which a transmission is detected as well as missing DRS samples.

Observation 3. In Multi-Fire, samples for which a transmission is detected as well as missing DRS samples within the serving cell DMTC window are taken into account for both in-sync and out-of-sync evaluation. 
This is a sensible approach that has also been suggested for NR-U by some companies. After several meetings, RAN4 has not reached any consensus on how to distinguish between LBT failure and low SNR channel conditions. We can also agree that even in FBE systems, this cannot be done for OOS but may be possible in INS. 
Our proposal is to use MFA approach. Some concerns were raised in the last meeting that if option 1 (using a fixed scaling for OOS) is adopted, then the imbalance between OOS and INS evaluation period can create erratic and unstable behavior. While both OOS and INS evaluation periods are long and involve filtering in the time domain, it is best if to make INS and OOS evaluation periods proportional to each other.
Proposal 4. RLM evaluation periods to not depend on the number of available SSBs, i.e., 
a. Out-of-sync evaluation period is extended by a fixed number of samples
b. In-sync evaluation period is extended by half the fixed number of samples used in OOS.

The above proposal makes RLM requirements for NR-U similar to MF. Proposal 4.b means reverting back a previous RAN4 agreement which makes sense if Proposal 4.a is adopted.
CSI-RS based RLM
This topic was briefly discussed in the last meeting with the following captured in WF [1]:
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.



We reiterate our view from last meeting that CSI-RS based RLM should be deprioritized in R16. This is not only to reduce the heavy remaining work load but also due to technical issues that have been raised in the previous meetings (e..g, possible transmit power change across transmission bursts as well as detection reliability).
Proposal 5. RAN4 deprioritizes defining requirements for CSI-RS based RLM in Rel-16 NR-U networks.
Conclusions
Proposal 1. Option 1 to be rephrased as:
· UE is required to monitor at least one candidate SSB position index for each configured RLM-RS in every evaluation period

Observation 1. 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. 
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.
Proposal 2. If RAN4 cannot agree on option 1 as baseline RLM requirements, different RLM requirements for semi-static and dynamic channel access modes to be defined.
Proposal 3. For semi-static channel access mode, UE is required to monitor at least one candidate SSB position index for each configured RLM-RS in every evaluation period (Option 1).
Observation 3. In Multi-Fire, samples for which a transmission is detected as well as missing DRS samples within the serving cell DMTC window are taken into account for both in-sync and out-of-sync evaluation. 
Proposal 4. RLM evaluation periods to not depend on the number of available SSBs, i.e., 
a. Out-of-sync evaluation period is extended by a fixed number of samples
b. In-sync evaluation period is extended by half the fixed number of samples used in OOS.
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