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Introduction
In RAN2#99bis meeting in Prague, the following have been agreed concerning RLM and RLF triggering in NR: 
Agreements
1	RLF detection will be specified for NR in the RRC spec (as in LTE)
2	For Dec 17, RLF will be based on the periodic IS/OOS indications from L1 (i.e. this is same frame work as LTE)

And a TP for RLM has been agreed in R2-1712009. RLM for NR is almost complete. However, considering the concept of BWP, there are still some remaining issues need to be solved for EN-DC work (December deadline) even though RAN2 agreed that RRC timers and counters related to RLM are not reset when the active BWP is changed.
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Here are listed BWP and RLM related agreements from RAN1:
Agreements:
· The IS/OOS threshold pair index to be used by a UE is explicitly indicated by RRC
· IS/OOS threshold pair index corresponds to a specific IS/OOS threshold pair (to be defined by RAN4)
· FFS on default IS/OOS threshold pair index
Agreements:
· RLM-RS based on CSI-RS can be separately configured from CSI-RS for BM.
· Framework for signaling CSI-RS for RLM would use the same signaling framework for signaling CSI-RS for BM.
· FFS: additional updates of CSI-RS for RLM based on updates of CSI-RS in BM
· Note: Network can choose to re-use of some or all of CSI-RS resources for BM for CSI-RS for RLM.
Agreements:
· Discuss further offline on the maximum # of indicated CSI-RS resources & SS blocks to be used for RLM 
· In case of SS/PBCH block based RLM, the RLM-RS resources are UE-specifically RRC configured, where among L SS Blocks for a given frequency band, each SS block to be used for RLM can be individually indicated
· FFS signalling details (e.g., via bitmap, via SS block index)
· Note: this depends on the max # of SS blocks for RLM
· 
Agreements:
· NR supports configuration of at most X number of RLM-RS (CSI-RS and/or SSB) resources for a UE
· final value of X to be determined in the next meeting and (X <= [8])
· Note: in the deployment scenario where BM is needed, the BM processing and reporting are a pre-requisite for the network to select up to X RLM-RSs.
· FFS: whether to have different number for sub 6 and above 6 GHz

Agreements:
· For guidance for RAN4 testing & requirement purposes:
· UE may assume that configured RLM-RS and the “hypothetical” DMRS of the “hypothetical” PDCCH for RLM has QCL relationship with respect to spatial, average gain, delay and Doppler parameters.
· Draft LS in R1-1719216, which is endorsed and approved in R1-1719218

Agreements:
· For paired spectrum, support a dedicated timer for timer-based active DL BWP switching to the default DL BWP
· A UE starts the timer when it switches its active DL BWP to a DL BWP other than the default DL BWP
· A UE restarts the timer to the initial value when it successfully decodes a DCI to schedule PDSCH(s) in its active DL BWP
· FFS other cases
· A UE switches its active DL BWP to the default DL BWP when the timer expires
· FFS other conditions (e.g. interaction with DRX timer)
· For unpaired spectrum, support a dedicated timer for timer-based active DL/UL BWP pair switching to the default DL/UL BWP pair
· A UE starts the timer when it switches its active DL/UL BWP pair to a DL/UL BWP pair other than the default DL/UL BWP pair
· A UE restarts the timer to the initial value when it successfully decodes a DCI to schedule PDSCH(s) in its active DL/UL BWP pair
· FFS other cases
· A UE switches its active DL/UL BWP pair to the default DL/UL BWP pair when the timer expires
· FFS other conditions (e.g. interaction with DRX timer)
· FFS the range and granularity of the timer

Agreements:
· UE is not required to perform RLM measurements outside the active DL BWP
· Note: RAN4 is discussing RLM requirements and need for measurement gaps. 

BWP impact on RLM
In RAN2#99-bis, the following has been agreed:
· a/ We leave to RAN1 to conclude how the IS/OOS indications are derived;
· b/ RRC timers and counters related to RLM are not reset when the active BWP is changed.
In other words, regardless of what happens in the lower layers, a change in active BWP does not lead to any changes to RLF counters (N310, N311) and timers (T310 and T311). Also, RLM is primarily decided in RAN1, i.e., how the UE derives IS/OOS events upon changes of BPW. 

· While one could say that there are no remaining open issues concerning the impact of the BWP concept to RLF triggering, as in RLM is configurable in NR, configuration aspects need to be discussed in RAN2. Different from LTE, RLM parameters need to be configured by RRC. At least in RRC_CONNECTED, the main RAN2 aspects related to the BWP impact on RLM are the following: Issue 1) Whether the RLM configuration (for a given UE) will be provided per BWP or for all BWPs;
· Issue 2) Whether a change in active BWP will also lead to a change in the RLM configuration;
According to the RAN1 requirement of only performing RLM in the active BWP, a possible solution for the issues above is to provide the UE with an RLM configuration per BWP and, upon the activation of any of them (either timer- or DCI-based), the UE changes the RLM parameters e.g. the RLM resources the UE monitors. Notice that according to RAN2 agreement, RLF counters generated by RLM to be compared with N310/N311 are not reset (the same for the timers T310 and T311).
Another possibility could be to re-configure the RLM parameters via RRC every time the UE’s active BWP is switched. The consequence would be that in the case of a DCI-based switch, every DCI signalling will be followed by an RRC re-configuration, which defeats the purpose of defining a DCI signalling for the switch (otherwise we could have defined the BWP switch to be done via RRC). In addition to that, a timer-based switch followed by an RRC re-configuration could be cumbersome and lead to state mismatches. 
Based on this quick analysis, the following proposal seems to be a direct consequence of the RAN1 agreement:
The network provides the UE with RLM configuration per configured BWP. Upon the activation of any of BWP (either timer- or DCI-based), the UE changes the RLM parameters according to its BWP configuration.

.  
Although this is more on RAN1 territory, there are impacts RRC configuration of the RLM RS. As agreed in RAN1, either SSB or CSI-RS resources or both can be configured as RLM RS and there can be at most X RLM RS configured for the UE. Also, it has been agreed that the UE in rel-15 can be configured with more than one BWP but the UE has only one active DL BWP at a time. Also, it has been agreed that the UE can switch from its active BWP to a default BWP upon the expiry of a timer associated to the BWP. 
As the UE is expected to monitor its RLM-RS only in its active BWP, the network needs to provide the RLM-RS in each possible BWP that could become an active BWP otherwise RRC signalling would be required every time the UE switches its active BWP. Also, the UE will switch from its active BWP to the default BWP if the timer associated to switching to another BWP expires. In order to ensure that the UE has a relevant RLM-RS to monitor in the default BWP, the network should include the RLM-RS in the default BWP as well. When the UE has a successful connection in its active BWP (successfully decodes a DCI to schedule PDSCH(s) in its active DL BWP), it monitors only the RLM-RS present in the active BWP. When the timer associated to BWP switching expires, the UE falls back to default BWP and starts monitoring the RLM-RS present in the default BWP.
A UE can be configured with at most one active DL BWP in rel-15.
The UE is not required to perform RLM measurements outside its active DL BWP.
The UE needs to be configured with RLM-RS in all configured BWPs and the default BWP. The UE monitors only RLM-RSs in its active BWP when it has a successful connection in the active BWP (successfully decodes a DCI to schedule PDSCH(s) in its active DL BWP). The UE monitors only RLM-RSs in its default BWP when the timer associated to the BWP switching expires and the UE starts to monitor the default BWP.  
When the UE switches from its active BWP to its default BWP and if the UE has set the RLF related IS/OOS counters and timers, there can be different ways to handle the impact of changing the RLM-RS (i.e. changing the monitored RLM-RS from active BWP to default BWP).
1) Alrternative-1 : The IS/OOS counters are not reset and the timers associated to RLF are also not reset. The UE continues the RLF related procedure as if there is no change. This alternative is handier when the network is transmitting RLM-RSs using similar beamformers in both active and default BWPs and the frequency specific fading is not significant.  
2) Alternative-2 : The UE resets both, the IS/OOS related counters and the RLF related timers, upon changing the BWP from active BWP to default BWP. This alternative is handier when the network is transmitting RLM-RSs using different beamformers in both active and default BWPs and/or the frequency specific fading is significantly affective the RSRP values.
3) Alternative-3 : Network could control how the BWP changing affects the RLF related timers/counters i.e. whether the UE should perform resetting of these counters/timers or not. This alternative is beneficial in adjusting to different scenarios differently.
As the alternative-3 provides the flexibility to the network and avoids unnecessary RLF declaration is some scenarios, it is proposed to include a flag to indicate whether the UE should reset the RLF related timers and counters upon switching from active BWP to default BWP. 
The network can configure whether the UE should reset the RLF related timers and counters upon switching from active BWP to default BWP.   
Conclusion
[bookmark: _In-sequence_SDU_delivery]In section 2 we made the following observations:
1. A UE can be configured with at most one active DL BWP in rel-15.
The UE is not required to perform RLM measurements outside its active DL BWP.

Based on the discussion in section 2 we propose the following:
1. The UE needs to be configured with RLM-RS in at least its active BWP and the default BWP. The UE monitors only RLM-RSs in its active BWP when it has a successful connection in the active BWP (successfully decodes a DCI to schedule PDSCH(s) in its active DL BWP). The UE monitors only RLM-RSs in its default BWP when the timer associated to the BWP switching expires and the UE starts to monitor the default BWP.   
The network can configure whether the UE should reset the RLF related timers and counters upon switching from active BWP to default BWP.   

 The network can configure whether the UE should reset the RLF related timers and counters upon switching from active BWP to default BWP.   
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