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1 Introduction
RLM requirements for NR was discussed in RAN4-NR-AH#3. WF [1] was agreed and the contents are copied below.
	· Following aspects are to be specified in 38.133 core part

· Hypothetical PDCCH transmission parameters

· It will be decided by RAN4 based on typical scheduling parameters for IN/OOS conditions, after RAN1 finalizes the PDCCH design. 

· Parameters at least include DCI format, aggregation level, power boost. Other parameters are not precluded.

· BLER levels to derive Qin and Qout

· It will follow network configuration (the configured pair of IN/OOS BLER).

· One pair of BLER values is ([10%], [2%]) for (Qout and Qin), the other one is FFS.

· Evaluation period 
· It will be determined based on link level simulation.
· Periodicity of periodic IN/OOS indication
· It will be measurement interval for RLM monitoring.
· UE shall be able to monitor X RLM-RS resources at least for SSB based RLM.

· FFS if any UE capability is needed, e.g. related to number of SSBs UE can monitor or number of PDCCHs 

· FFS if and how measurement gaps need to be considered for SSB based RLM.

· RAN4 may need to discuss aperiodic IN/OOS indication related to beam management after RAN1/RAN2 finalize the discussions.

· Companies are encouraged to provide simulation results in order to derive evaluation period based on R4-1709896.
· Companies are encouraged to bring views on the other pair of IN/OOS BLER.


The open issues for NR RLM requirements are 

· Hypothetical PDCCH Tx parameters

· The other pair of IN/OOS BLER values than the agreed ([10]%, [2]%)

· L1 evaluation period, number of L1 samples, whether it is gap based

· Periodicity of periodic IN/OOS indication, and measurement interval in RLM monitoring

· UE capability in terms of number of RLM-RS resources supported 

· Aperiodic OOS/IS indication in related to beam management
In this paper, we provide our views on open issues for RLM requirements in NR.
2 Discussion 
Hypothetical PDCCH Tx parameters
In 36.133 the hypothetical PDCCH transmission parameters for LTE RLM includes DCI format, number of OFDM symbols, ratio of PDCCH and PCFICH REs to CRS REs. For NR RLM, those parameters should be still considered expect PCFICH power since we do not have PCFICH in NR anymore. Besides those, we think the BW of PDCCH should be also defined for RLM as NR PDCCH is not across the whole system BW.

The values of the parameters to be used for OOS/IS evaluation were agreed to be decided by RAN4 based on typical scheduling parameters for IN/OOS conditions. For some parameters, RAN4 can start the discussion, e.g. the aggregation 4 and 8 have been agreed for NR PDCCH, and the PDCCH BW is also to be configurable. However, the PDCCH design in RAN1 is not finalized yet, e.g. the DCI size and their usage for different services under different channel conditions. Therefore, it may be better for RAN4 to agree on the values in next meeting, when RAN1 hopefully finishes the PDCCH design.

Proposal 1: The hypothetical PDCCH Tx parameters to be considered for NR RLM include 

· DCI format

· number of OFDM symbols

· ratio of PDCCH REs to RLM RS REs

· number of PRBs 

Proposal 2: The exact values for the parameter are agreed in next RAN4 meeting.

IN/OOS BLER values
Based on RAN1 agreement, two pairs of (OOS, IS) BLER values can be configured to the UE, intended for different services like eMBB and VoIP. In RAN4-NR-AH#3, the pair for eMBB was agreed to ([10]%, [2]%). For the other pair, although in principle a larger BLER should be tolerable for VoIP service, we think it may be better for RAN4 to decide next meeting when we can get more insight from RAN1 about the PDCCH and PDSCH design for VoIP services. 

On the other hand, RAN4 may need to consider the need to decide the BLER values in conjunction with hypothetical PDCCH Tx parameters, and have different hypothetical PDCCH Tx parameters for the two pairs of BLER values. For example, different DCI format or PDCCH BW may be used to schedule eMBB and VoIP services, and BLER values for different services are based on respective PDCCH parameters.    
Proposal 3: The other pair of (OOS, IS) BLER values is agreed in next RAN4 meeting.

Proposal 4: Hypothetical PDCCH Tx parameters can be separately defined for two pairs of BLER values.
L1 evaluation period and gap for RLM
RLM L1 evaluation period is determined by the number of L1 samples needed and the sampling interval. For the former part, we have in our companion paper proposed to use 5 samples base on our simulation results. For the sampling interval, one open issue is whether the requirement should be based on gaps. In theory, it is possible that the SSB used for RLM is outside the UE active BWP, such that gaps are needed for RLM. On the other hand, however, we think RLM based on measurement gaps may not be a good design, since gaps are already used for different measurements, inter-frequency and in quite many cases also for intra-frequency, and maybe also beam management if Rx beamforming is considered, so having gaps for another use may complicate both UE behaviour and performance requirements for both RRM measurement and RLM. We also want to note that although RAN4 will not discuss the requirements for CSI-RS based RLM before December, CSI-RS could be used for RLM and it can be configured more flexibly by the network. In our view, RAN4 may not need to define gap based RLM requirements. 
Proposal 5: RAN4 does not define gap based SSB RLM requirement.

Periodicity of periodic IN/OOS indication
In LTE, the periodicity for L1 OOS/IS indication is 10ms for non-DRX case and DRX cycle for DRX case. In RAN4-NR-AH#3, it was agreed that the indication periodicity will be determined by the measurement interval. There was some discussion whether the measurement interval should be SMTC period or some other SSB period. In our view, it is enough to use the SMTC period of the serving cell, as it will lead to consistent requirements for serving cell RRM mobility and RLM (we do not see clear reason why serving cell should have different measurement interval for RRM and RLM). In case of DRX, same approach from LTE can be re-used, i.e. the periodicity for L1 OOS/IS indication is DRX cycle.
Proposal 6: Periodicity for L1 OOS/IS indication is serving cell SMTC period for non-DRX case, and DRX cycle in DRX case.

UE capability in terms of number of RLM-RS resources supported
In [1] it was agreed that UE shall be able to monitor X RLM-RS resources at least for SSB based RLM, but FFS if any UE capability is needed, e.g. related to number of SSBs UE can monitor or number of PDCCHs. In our underrating, the number of network configurable RLM-RS resources (i.e. the value of X) should be corresponding to the number of CORESET UE is configured to monitor, so it should be well smaller than the UE monitoring capability for RRM (e.g. RAN4 is discussing UE should be able to monitor at least 8 beams per layer), so we do not think there is any UE capability issue.

Proposal 7: UE should be able monitor X RLM-RS resources if X is smaller than UE RRM monitoring capability. 
Aperiodic OOS/IS indication in related to beam management

According to RAN agreement, the interaction between RLM and beam management will be postponed to 2018, so there was no related discussion in RAN1. Correspondingly, we think RAN4 could also start to discuss related requirements from 2018.
Proposal 8: RAN4 does not discuss requirements related to aperiodic OOS/IS indication before 2018.

3 Conclusions 
In this paper, we provided our views on RLM requirements for NR.
Proposal 1: The hypothetical PDCCH Tx parameters to be considered for NR RLM include 

-
DCI format

-
number of OFDM symbols

-
ratio of PDCCH REs to RLM RS REs

-
number of PRBs 

Proposal 2: The exact values for the parameter are agreed in next RAN4 meeting.
Proposal 3: The other pair of (OOS, IS) BLER values is agreed in next RAN4 meeting.

Proposal 4: Hypothetical PDCCH Tx parameters can be separately defined for two pairs of BLER values.
Proposal 5: RAN4 does not define gap based SSB RLM requirement.
Proposal 6: Periodicity for L1 OOS/IS indication is serving cell SMTC period for non-DRX case, and DRX cycle in DRX case.
Proposal 7: UE should be able monitor X RLM-RS resources if X is smaller than UE RRM monitoring capability.
Proposal 8: RAN4 does not discuss requirements related to aperiodic OOS/IS indication before 2018.
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