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[bookmark: _Ref462817227]Introduction
In NR, differently from LTE, RLM parameters are configurable, such as:
· Reference signal (SSB or CSI-RS) and exact resources to be monitored;
· Hypothetical BLER thresholds for the generation of IS and OOS indications;

Despite the presence of these parameters in the list provided by RAN1, these have not been captured yet in 38.331 as some issues remain to be discussed. This paper provides a way forward for the following issues:
· How is the RLM configuration and re-configuration procedure, especially when:
· UE performs a transition from RRC_INACTIVE/IDLE to RRC_CONNECTED;
· UE in RRC_CONNECTED is reconfigured by RRCReconfiguration.
Discussion
[bookmark: _Toc503177666]In LTE, RLM is used as one of the methods by which an RRC_CONNECTED UE detects radio link failure (RLF), i.e., detects that the network is no longer able to control the UE due to too high error probability on downlink PDCCH (and hence also on the PDSCH). IDLE UEs, on the other hand, do not perform RLM as the UE is not under strict NW control anyway. An IDLE UE is only required to determine whether the selected cell is suitable for camping and to acquire system information. 
In NR, the same principle has been assumed: RRC_CONNECTED UEs perform RLM, while RRC_IDLE and RRC_INACTIVE UEs don’t perform RLM. 
As in LTE, RLM is only performed by RRC_CONNECTED UEs.
As only RRC_CONNECTED UEs require RLM parameters, one could initially assume they may be transmitted in dedicated signalling, e.g., once the UE establishes/resumes the connection or during handover execution. Let us discuss these different cases.

Connection Resume / connection setup procedure
In LTE, when the UE submits an RRCConnectionRequest message to lower layers for transmission (to trigger a transition from RRC_IDLE to RRC_CONNECTED), the UE shall continue cell re-selection related measurements as well as cell re-selection evaluation and perform mobility if the conditions for cell re-selection are fulfilled. In other words, RLM is not performed. At the same time, upon the transmission of Msg3 the UE starts timer T300, defined in 36.331 (sub-clause 7.3.1) as follows:
	Timer
	Start
	Stop
	At expiry

	[bookmark: _Hlk503399538]T300
NOTE1

	Transmission of RRCConnectionRequest or RRCConnectionResumeRequest
	Reception of RRCConnectionSetup, RRCConnectionReject or RRCConnectionResume message, cell re-selection and upon abortion of connection establishment by upper layers
	Perform the actions as specified in 5.3.3.6



The expiring of T300 is an indication of a failure to establish a connection, which might occur due to bad radio conditions. As described earlier, the UE shall continue to perform cell reselection, and, it does not perform the usual RLM (based on out-of-sync, N310 and T310) during this time. When T300 expires, the UE informs upper layers about the failure to establish the RRC connection or failure to resume the RRC connection with suspend indication, upon which the procedure ends. 
Let us assume now that the UE receives Msg4 in the connection setup procedure, i.e., RRCConnectionSetup. Among the actions upon receiving that message, some deserve some attention:
· stop timer T300;
· enter RRC_CONNECTED;
· stop the cell re-selection procedure;
· prepare complete message and submit to lower layers.
At this point in time, an LTE UE is in RRC_CONNECTED and should be able to perform RLM and RLF. The actual RLM is not configurable and the parameters for detecting RLF (e.g. T310, T311, N310, N311, etc,) were provided already in system information (SIB2). And in accordance with section 5.3.11.1 the CONNECTED UE performs RLM/RLF as soon as T300 is not running anymore: 
1>	upon receiving N310 consecutive "out-of-sync" indications for the PCell from lower layers while neither T300, T301, T304 nor T311 is running:
2>	start timer T310;
According to 36.331, a similar behaviour is expected when the UE wants to trigger a transition from RRC_INACTIVE to RRC_CONNECTED, via RRCConectionResumeRequest. In that case Msg4 is an RRCConnectionResume.
In NR, concerning the configurability of RLM parameters, the following has been agreed in RAN2#100 Reno:
Agreements
1	RLM configuration and RLF related timers and constants are located as part of the SpCell configuration information (therefore a separate configuration from RRM)

Hence, in NR, with RLM parameters being configurable, to enable the UE to start performing RLM when it receives Msg4 and timer T300 is not running, RLM parameters should be possibly transmitted in Msg4 within the SpCell configuration e.g. in RadioResourceConfigDedicated or in measConfig.
Network may provide RLM configuration (as part of SpCell configuration) in Msg4 (RRCConnectionResume and RRCConnectionSetup kind of messages).

Another alternative could be to configure at least a default RLM configuration via system information, so that upon performing the transition the UE is already aware of at least a default RLM configuration. Hence, in case the network does not provide an RLM configuration the UE keeps using the default one, as in LTE for the RLF parameters.
Despite the wish to keep a similar approach as in LTE, based on the current RAN1 design, that would be quite challenging for some reasons. A default RLM configuration could only be based on SS/PBCH block resources (as CSI-RS resources are UE-specific). And, as according to RAN1 the amount of RLM-RS resources is limited, it would likely be cumbersome to define a default RLM configuration for all SS/PBCH scenarios. In RAN1 NR AdHoc#3, the following agreement was made:
Agreements:
· RLM-RS is undefined until explicitly/implicitly configured.
· Note: This implies that the network needs to configure the RLM-RS for UE to perform RLM

That agreement seems to indicate that a default configuration is not defined for RLM, although the term implicitly is not very clear. Hence, as the usage of a default configuration is also in the interests of RAN2, we propose the following:
RAN2 should discuss whether an RLM default configuration is needed. If needed, whether the network broadcasts it via system information.

Connection reconfiguration
Network should be able to re-configure the RLM parameters of a given UE via an RRCReconfiguration message. As in LTE, in the same manner as RLF counters and timer can be setup, one could modify RLM parameters, e.g., RLM-RS resources. That may be needed during handovers (where a reconfiguration is prepared by a target cell), or due to the change in the beamforming properties of PDCCH configuration (e.g. if the UE enters in the coverage of another TRP in intra-cell mobility), possibly leading to changes in the RS to be monitored.
Network may reconfigure RLM parameters via RRCReconfiguration.

Another question is what should be done with counters and timers when RLM parameters are reconfigured. For the case BWP switching occurs, it has been agreed that timers and constants would not be changed. One could think the same solution should be applied here. However, while BWP switching is a L1 procedure, and it would make sense to make it transparent to RRC, RLM re-configuration is performed by an RRC Reconfiguration, so it seems natural to assume that the RRC variables are reset when the procedure is performed.
Upon RLM re-configuration, RLF counters and timers are reset.

Yet another issue related to the configuration and re-configuration of RLM parameters is upon the switching of BWP. A dedicated paper only focusing on that issue has been submitted in R2-1800593 BWP impact to RLM configuration [2].
Conclusion
[bookmark: _Toc485398802][bookmark: _Toc485417365][bookmark: _Hlk503177409]In this contribution, the following observations were captured: 
1. Network may provide RLM configuration (as part of SpCell configuration) in Msg4 (RRCConnectionResume and RRCConnectionSetup kind of messages). 
1. RAN2 should discuss whether an RLM default configuration is needed. If needed, whether the network broadcasts it via system information.  
1. Network may reconfigure RLM parameters via RRCReconfiguration.
1. Upon RLM re-configuration, RLF counters and timers are reset. 
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