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1 Introduction

In NR, RLM and RLF are to be specified for PCell (SA NR operation) and PSCell (NSA and SA NR operation).

In the previous meeting, it was proposed in [1] that RAN4 looks into the feasibility of using for RLM some of the already agreed by RAN1 signal and it was also observed that:
· RLM frequency resources in NR need to be tightly connected with the actual control channel

· The numerology of RLM resources in NR needs to be related to the numerology of the actual control channel.

In the April meeting, still no agreements on signals to be used for RLM or any other relevant agreement for RLM/RLF were made by RAN1. In RAN2, the following was agreed for RLM/RLF:
Agreements (RLM/RLF)
1:
For connected mode, UE declares RLF upon timer expiry due to DL OOS detection, random access procedure failure detection, and RLC failure detection.

FFS whether maximum ARQ retransmission is only criteria for  RLC failure (needs to be discussed in common UP/CP session). 

2
In NR RLM procedure, physical layer performs out of sync / in sync indication and RRC declares RLF. 

3
For RLF purposes, RAN2 preference is that the in sync / out of sync indication should be a per cell indication, and we aim for a single procedure for both multi-beam and single beam operation.

=>
Ask RAN1 whether the in sync /out of sync indications for RLF can be provided per cell, and also ask whether the indication would be periodic as in LTE. Draft LS to be provided

2 Discussion

In general, at least the following DL reference signals have been agreed by RAN1:
· PSS/SSS in SS block, which perhaps may also contain DM-RS for PBCH
· CSI-RS

· DM-RS (used for data and control demodulation)
· PT-RS (phase tracking)

SS block signals may be an attractive option for RLM. The SS block has a fixed numerology per frequency range, while the control/data may be based on a different numerology, which would be a common issue for any SS block signal if used for RLM. DM-RS for data and control will most likely not suffer from this problem. CSI-RS numerology is not yet decided by RAN1, but they will likely be able to use the same numerologies as data for the same frequency range.
In the current LTE RLM requirements, the UE assesses the link quality once per radio frame, i.e., every 10 ms. The default SS block periodicity is 20 ms, but according to the latest RAN1 agreements [2], SS block periodicity may be configured to be any of {5, 10, 20, 40, 80, and 160} ms,  where 160 ms is further  subject to RAN4 confirmation. CSI-RS configuration may be more flexible and can also be configured in periodic patterns. DM-RS for data and control may not be available as frequently as may be needed for RLM and may come in irregular time-domain patterns.
Yet another aspect is bandwidth. In LTE, in-sync or out-of-sync is determined based on CRS quality and the associated hypothetical PDCCH block error ratio; and the actual procedure is carried out by comparing the estimated downlink reference symbol measurements to a target BLER, Qout (10%) and Qin (2%), of hypothetical PDCCH/PCIFCH transmissions from the serving cell. RAN4 also specifies corresponding PDCCH/PCFICH configuration parameters for different bandwidths. CRS are available over the whole channel bandwidth, unlike SS block signals. In NR, it is not obvious how to estimate the channel quality for the bandwidth relevant for the control/data channel, based on SS block signals. DM-RS (for data and control) do not suffer from this drawback. DM-RS for PBCH are likely to have the same bandwidth as PBCH (288 carriers) which is larger than 127 carriers for PSS and SSS, but still have a looser relation to frequency resources of data and control channels compared to DM-RS for data and control.
Yet another aspect is the antenna ports (e.g., their number, the set of, and diversity) used for RS and data/control, QCL, and beamformed transmissions. SS blocks are transmitted via different transmission beams, so if the set of beams used for SS block transmissions and the TRPs are super sets of those used for data transmissions, then there should also be an SS block transmitted via the same beam as likely to be used for control/data. For DM-RS used for data and control, there is an agreed by RAN1 QCL assumption, and also DM-RS are likely to be transmitted from the same antenna ports as data/control. CSI-RS are likely to be least coupled to data and control channel transmissions in terms of ports, beams, or even TRP location, etc.
· Proposal: RAN4 to further discuss the feasibility of using for RLM at least SS block signals, DM-RS, and CSI-RS, while considering at least the following aspects:
· Bandwidth

· Numerology

· Antenna ports and QCL

· Beamformed transmissions
3 References
[1] R4-1703204, Further discussion on RLM for NR, Ericsson, Apr. 2017.

[2] R1-1706708, LS on set of configuration values for SS burst set periodicity, RAN1, Apr. 2017.
PAGE  
1

