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Introduction
In LTE, RLM and RLF is one of the key procedures. According to RLM procedure in LTE, UE can know if it is still within the coverage of its original serving cell or not. If not, UE will stop its uplink transmission and try to reselect to a new cell and re-establish its RRC connection. By this way, UE encountering RLF will not cause interference to other normal UE. Due to similar reasons, RLM and RLF is needed in NR.
In this contribution, we will discuss some difference in NR compared to LTE and then its impact on RLM and RLF in NR.

[bookmark: _Ref178064866]Discussion
The purpose of the Radio Link Monitoring (RLM) function in the UE is to monitor the downlink radio link quality of the serving cell in RRC_CONNECTED state. Monitoring is based on the Cell-Specific Reference Signals (CRS). This in turn enables the UE when in RRC_CONNECTED state to determine whether it is in-sync or out-of-sync with respect to its serving cell as described in TS 36.213, Section 4.2.1.
The UE’s estimation of the downlink radio link quality is compared with out-of-sync and in-sync thresholds, Qout and Qin respectively, for the purpose of RLM. These thresholds are expressed in terms of the Block Error Rate (BLER) of a hypothetical Physical Downlink Control Channel (PDCCH) transmission from the serving cell. Specifically, Qout corresponds to a 10% BLER while Qin corresponds to a 2% BLER. The same threshold levels are applicable with and without DRX.
The mapping between the CRS based downlink quality and the hypothetical PDCCH BLER is up to the UE implementation. However, the performance is verified by conformance tests defined for various environments, as described in TS 36.521.
[image: ]
Figure 1 The whole RLM and RLF procedure in LTE
[bookmark: _Toc473127699][bookmark: _Toc473904837]In LTE, RLM is specified largely in RAN1 specifications. Whether UE is in-sync or out-of-sync is based on hypothetical quality of PDCCH.
Here we assume RLM in NR need input from RAN1 as well, such as which RS is used for RLM, how to judge UE is in-sync or out-of-sync. However, it is our understanding that the principle of RLM in LTE should be reused in NR, i.e. the quality of downlink control channel is used to judge whether UE is in-sync or out-of-sync
[bookmark: _Toc473127703][bookmark: _Toc473209856][bookmark: _Toc473904841]In NR RLM should follow the same principle as in LTE, i.e. the hypothetical quality of downlink control channel in NR is used to judge if UE is in-sync or out-of-sync.

Although RAN1 has not decided which RS will be reused for RLM or whether a new RS will be defined, it is our understanding that the quality measurement on that RS should reflect the downlink control channel quality correctly. In that sense, it seems premature to make further agreements on RLM before RAN1 progresses its work on the design of DL control channels, including the aspects associated to how they would be beamformed.
One of the RAN1 agreements states that NR should support UE/PDCCH-specific DMRS for PDCCH reception. At least for beamforming, UE may assume same precoding operation for PDCCH and associated DMRS for PDCCH. That is, PDCCH in NR is based on DMRS and could use UE specific beamforming. In addition to it, RAN1 states that NR should support using the same or different beams on control and the corresponding data transmissions.
[bookmark: _Toc473127700][bookmark: _Toc473904838]PDCCH in NR is based on DMRS and should support using the same or different beams on control and the corresponding data transmissions
Due to this reason, we think other RS discussed in NR, e.g. mobility RS, beam-specific RS or synchronization RS should be carefully considered since they may not be suitable as these RS may use quite different beamforming compared to PDCCH. 
Furthermore, still according to LTE RLM principle, the RS for RLM need to be transmitted in the same frequency domain as PDCCH. Mobility RS is quite probably a narrow band RS which does not match with the frequency domain where PDCCH in NR will be transmitted. From this perspective, mobility RS is not suitable for RLM as well. 
[bookmark: _Toc473127701][bookmark: _Toc473904839]For NR, one cannot assume that the mobility RS is used for RLM 
DMRS for PDCCH is quite natural to be used for RLM purpose. One drawback is that DMRS only exist when UE is scheduled. How to let UE know whether it is in-sync or out-of-sync when UE is not scheduled need be solved. 
[bookmark: _Toc473127702][bookmark: _Toc473904840]In NR, the RS used for RLM need to reflect PDCCH quality accurately.

In NR, especially at high frequencies, the cells may be covered by multiple beams instead of a single beam. There are some discussions to make RLF based on a group of beams instead of one beam. Then from RAN2 perspective, we need to know whether this will have impact on UE L3 or not. There are two possibilities: The first alternative is that the UE L1 send in-sync and out-of-sync indication per beam, and then L3 need to maintain multiple set of N310, N311, T310 etc. The second alternative is that UE L1 only send one in-sync and out-of-sync indication for all relevant beams, then UE L3 does not know the existence of multiple beams. UE L3 behaviour is not affected by how many beams UE is using at L1. Whether L3 will be impacted or not depends on which RS will be used for RLM which need decision from RAN1. Therefore, we think whether L3 need to maintain one or multiple in-sync/out-of-sync counter and timer can be studies later when which RS to be used for RLM is decided in RAN1.
[bookmark: _Toc473127704][bookmark: _Toc473209857][bookmark: _Toc473904842]In NR, whether L3 need to maintain one or multiple in-sync/out-of-sync indicator should be studied once RAN1 has decided which RS is used for RLM
In LTE, when N310 consecutive out-of-sync is detected, T310 starts. In LTE spec, there is no description about how UE should do until T310 is expired. UE seems just trying to detect CRS as before. This is reasonable as CRS or LTE cell coverage is static.
In NR, when T310 is trigger due to out-of-sync detection on some RS transmitted in some beam, it may be possible that NW can still reach the UE from other beams which are not configured to the UE before. Then if UE can inform NW it is experiencing out-of-sync, NW could send more beam/RS toward UE to recover UE before RLF is declared.
[bookmark: _Toc473127705][bookmark: _Toc473209858][bookmark: _Toc473904843]In NR, when T310 triggered, UE could inform NW such information so that more beam/RS can be transmitted from NW.
When RLF is triggered in LTE, RRC connection re-establishment procedure is executed, where the UE first perform cell reselection. If the new selected cell is still a LTE cell, UE initiates random access procedure on that cell, and then send RRCConnectionReestablishmentRequest message toward NW. If the new selected cell is an inter-RAT cell, then UE should perform the actions upon leaving RRC_CONNECTED.
Here we see two areas for discussion for NR.
First, if the new selected cell is a LTE cell, UE should continue with RRC re-establishment procedure instead of leaving RRC_CONNECTED. This is reasonable as long as the LTE cell also connect to Next Generation Core as UE can build up its context in LTE cell from old NR cell similar as UE moves around from NR cell to LTE cell in RRC_INACTIVE state. 
[bookmark: _Toc473127706][bookmark: _Toc473209859][bookmark: _Toc473904844]When UE encounter RLF in NR and reselect to a LTE cell, RRC connection re-establishment procedure is applied as long as the LTE cell connect to NextGenCore.
Second, when NR works with carrier aggregation , since the carrier that NR use could be at high frequency, PCell may not always be the most robust carrier. When PCell encounter RLF, it is possible that SCell is still alive. Therefore, it is reasonable that UE does not initiate RRC connection re-establishment procedure when PCell encounters RLF but SCell still have good coverage. The UE can report such information to the network via the SCell. When the network receives such information, it can initiate a light-weight PCell change procedure to change PCell to a good SCell [1]. The UE only initiate RRC connection re-establishment procedure when all serving cells encounter radio link issue.
[bookmark: _Toc473127707][bookmark: _Toc473209860][bookmark: _Toc473904845]For carrier aggregation in NR, when UE encounter RLF in PCell, as long as one SCell is alive, instead of initiate RRC connection re-establishment procedure, UE report such failure to NW to trigger a PCell handover procedure.
[bookmark: _Toc473127708][bookmark: _Toc473209861][bookmark: _Toc473904846]RRC connection re-establishment procedure is only initiated when all serving Cell has radio link issue.

Conclusion
In section 2 we made the following observations:
Observation 1	In LTE, RLM is specified largely in RAN1 specifications. Whether UE is in-sync or out-of-sync is based on hypothetical quality of PDCCH.
Observation 2	PDCCH in NR is based on DMRS and should support using the same or different beams on control and the corresponding data transmissions
Observation 3	For NR, one cannot assume that the mobility RS is used for RLM
Observation 4	In NR, the RS used for RLM need to reflect PDCCH quality accurately.

Based on the discussion in section 2 we propose the following:
Proposal 1	In NR RLM should follow the same principle as in LTE, i.e. the hypothetical quality of downlink control channel in NR is used to judge if UE is in-sync or out-of-sync.
Proposal 2	In NR, whether L3 need to maintain one or multiple in-sync/out-of-sync indicator should be studied once RAN1 has decided which RS is used for RLM
Proposal 3	In NR, when T310 triggered, UE could inform NW such information so that more beam/RS can be transmitted from NW.
Proposal 4	When UE encounter RLF in NR and reselect to a LTE cell, RRC connection re-establishment procedure is applied as long as the LTE cell connect to NextGenCore.
Proposal 5	For carrier aggregation in NR, when UE encounter RLF in PCell, as long as one SCell is alive, instead of initiate RRC connection re-establishment procedure, UE report such failure to NW to trigger a PCell handover procedure.
Proposal 6	RRC connection re-establishment procedure is only initiated when all serving Cell has radio link issue.
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