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Introduction
Most of the NR RLM requirements have been completed by RAN4, but there is still a list of open issues:
· FFS if SSB for RLM and CSI-RS for RLM can be FDMed if they are with different subcarrier spacing.
· N=FFS for Rx beam sweeping for CSI-RS based RLM
· [bookmark: _GoBack]FFS which CORESET is used as reference for CSI-RS RLM.
· Which CORESET is used as reference when CSI-RS is QCL-ed with multiple CORESETs.
· If UE shall perform RLM and if so which CORESET is used as reference, when CSI-RS is not QCL-ed with any CORESET.
· FFS if requirement will be defined for the case where CSI-RS resource configured for RLM is transmitted with Density =1.
· Second BLER pair for RLM
In this contribution we discuss these remaining open issues.
Discussion
SSB for RLM and CSI-RS for RLM with different SCS
The following open issue is left FFS in the RLM requirements:
FFS if SSB for RLM and CSI-RS for RLM can be FDMed if they are with different subcarrier spacing.
In the last meeting two options were discussed for this issue without precluding other options:
Option 1: Define similar restrictions as for CSI-RS measurements in section 9.5.1.2 for SSB for RLM and CSI-RS for RLM with different SCS. 
Option 2: CSI-RS based RLM-RS and SSB based RLM-RS are TDMed regardless of simultaneousRxDataSSB-DiffNumerology capability. 
From network point of view, we do not see the reason why the same restrictions as for CSI-RS measurements could not be used for RLM as well. However, the restrictions agreed for CSI-RS need some modifications considering how the UE shall measure when CSI-RS and SSB are FDM’ed but UE does not support simultaneousRxDataSSB-DiffNumerology. This part requires a bit more studies, but for now we propose to use the same principle as for CSI-RS measurements, with adding an FFS point for the remaining part:
[bookmark: _Hlk525825805]When the SSB used for RLM is within the active BWP and has different SCS than CSI-RS used for RLM, the UE shall be able to perform RLM measurements with restrictions according to its capabilities:
· If CSI-RS and SSB are FDM’ed. the UE measurement capability depends on the whether the UE supports simultaneousRxDataSSB-DiffNumerology.
· If the UE supports simultaneousRxDataSSB-DiffNumerology the UE shall be able to perform SSB and CSI-RS based RLM measurement without restrictions assuming useServingCellTimingForSync is enabled.
· If the UE does not support simultaneousRxDataSSB-DiffNumerology the UE is not expected to perform simultaneous FDM’ed SSB and CSI-RS based RLM measurements,
· Editor’s note: FFS: how the UE shall measure in this case. 
· If CSI-RS and SSB used for RLM are TDM’ed, the UE shall be able to perform CSI-RS measurement with restrictions: 
· If the UE does not support simultaneousRxDataSSB-DiffNumerology it is not expected to measure CSI-RS on symbols on 1 data symbol before each consecutive SSB symbols and 1 data symbol after each consecutive SSB symbols within the SMTC window duration.
· otherwise there are no restrictions

Define restrictions for SSB and CSI-RS based RLM with different SCS using restrictions for CSI-RS measurements in section 9.5.1.2 as a baseline.
CORESET as reference for CSI-RS RLM
The following FFS points are left in the RLM requirements related to reference CORESET:
· FFS which CORESET is used as reference when CSI-RS is QCL-ed with multiple CORESETs.
· FFS if UE shall perform RLM and if so which CORESET is used as reference, when CSI-RS is not QCL-ed with any CORESET.
In Gothenburg meeting, three options were discussed for which CORESET to use, without precluding other options:
1. CORESET with the lowest index.
2. CORESET with the lowest BLER.
3. CORESET with the highest BW.
We see that it would make sense to use a CORESET that is feasible on cell edge as well, so for simplicity, we would propose to use CORESET #0. CORESET 0 is always configured for the UE in MIB1 and UE also monitors it. 
Definition of controlResourceSetZero and commonControlResourceSet in 38.331:
controlResourceSetZero
Parameters of the common CORESET#0. The values are interpreted like the corresponding bits in MIB pdcch-ConfigSIB1. Even though this field is only configured in the initial BWP (BWP#0) the UE acquires the CORESET#0 irrespective of the currently active BWP as described in FFS_Spec, section FFS_Section).
commonControlResourceSet
An additional common control resource setwhich may be configured and used for RAR (see ra-SearchSpace). If the network configures this field, it uses a ControlResourceSetId other than 0 for this ControlResourceSet.
When CSI-RS is QCL-ed with multiple CORESETs or with no CORESET, use CORESET #0.
[bookmark: _Hlk521340867]Requirement for CSI-RS resource with Density=1 for RLM
In RAN4#87, the evaluation period for CSI-RS based RLM is defined for Density=3 case, and whether and how requirements are defined for D=1 case is FFS. For D=1, some companies have raised the concern that it cannot provide enough accuracy under propagation channel with long delay spread, even with large number of samples, and thus the following FFS point is still left in the specification:
FFS if requirement will be defined for the case where CSI-RS resource configured for RLM is transmitted with Density =1.
We can understand the concern, however, not defining requirements for D=1 in essence means that the network cannot configure D=1 for RLM CSI-RS, even it is a valid option for configuration. D=1 leads to a smaller overhead compared to D=3 and network can decide which density to use depending on deployment scenarios. For example, in simple environment where the LOS propagation can be expected, network may choose to use D=1, so it is still necessary to have RLM requirement for it. To allow more samples for averaging, the number of samples for OOS and IS can be defined as 25 and 15.
[bookmark: _Ref517641997]Evaluation period for CSI-RS based RLM with D=1 is defined as 25 samples for OOS and 15 samples for IS. 
Second BLER pair for RLM
Requirements for the second BLER pair for RLM have been left open so far. Now RAN1 has sent an LS to RAN4 where they give further background information on the BLER values for the second BLER pair. The contents of the LS is copy pasted below:
1. Overall Description:
At the RAN1 NR-AH#1709 meeting, RAN1 agreed to support configurability between two pairs of IS/OOS BLER values for RLM purposes:
	Agreements:
· For a cell group, 
· A single IS or OOS is reported by the UE 
· A single IS BLER is configured for a UE at time
· A single OOS BLER is configured for a UE at a time
· Configurable from two pairs of values for IS/OOS BLERs
· Detailed pair of values up to RAN4 to decide
· FFS whether the configuration is an explicit RRC configuration or implicitly derived from other parameter
· FFS the case of URLLC & mMTC
· Send an LS to RAN4 capturing the above agreements, and also add:
· For the two pairs of values for IS/OOS BLERs, RAN1 discussed use cases such as VoIP vs. eMBB.



In RAN4, IS/OOS BLER values have been discussed, and one of BLER pairs was specified while another BLER pair has not been decided yet.
	Table 8.1.1-1: Out-of-sync and in-sync block error rates
	Configuration
	BLERout
	BLERin

	0
	10%
	2%

	1
	TBD
	TBD






As was stated in the agreement from RAN1, the detailed values of the additional thresholds are for RAN4 to decide. 
RAN1 would like to provide RAN4 with additional background of the second pair of thresholds:
It has been observed that in LTE, when semi-persistent scheduling is used, the service quality can be adequate also when the SINR is below the level corresponding to a PDCCH BLER of 10%. The most prominent example is for VoLTE.
In these cases, it has been observed that the UE triggers RLF also when the voice quality is quite adequate. In other words, RLF may be triggered prematurely.
To avoid this situation, RAN1 introduced the additional BLER threshold values for RLM. The main idea was thus that the additional BLER values would be higher than the default values. Still, the definition of the exact values is up to RAN4 to decide.
So repeating the RAN1 message, the purpose of second BLER pair is meant for the case where the service quality can be sufficient with a lower SINR than the level corresponding to 10 % BLER, such as VoLTE. Thus, the BLER values for the second BLER pair should be higher than the 2 % and 10 % used for the first BLER pair. RAN4 should define the requirements for the second BLER pair with this guidance.
BLER values for the second BLER pair should be higher than 2 % and 10 %.
Conclusion
In this contribution we have discussed remaining RLM requirements for NR. We have made the following proposals and observation:
1. Define restrictions for SSB and CSI-RS based RLM with different SCS using restrictions for CSI-RS measurements in section 9.5.1.2 as a baseline.
When CSI-RS is QCL-ed with multiple CORESETs or with no CORESET, use CORESET #0.
RAN4 to consider whether CORESET 0 could also be used in the case when CSI-RS is QCL-ed with one CORESET.
Evaluation period for CSI-RS based RLM with D=1 is defined as 25 samples for OOS and 15 samples for IS. 
1. BLER values for the second BLER pair should be higher than 2 % and 10 %.
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