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Introduction
In RAN1 #90bis, the following agreements were made:
Agreement #1:
· Rel-15 NR will not provide additional signaling (other than the configuration of RLM-RS(s) resource(s)) for the purpose of interference and noise (IN) measurement for RLM.
· Rel-15 NR will not provide configuration of additional resource(s) for the purpose of IN measurement for RLM.
· RAN1 continues discussions on which (existing) resource(s) can be and/or cannot be used for IN measurement for RLM. 
· Note that this does not necessarily mean the NR specification will specify UE behavior on use of resources for IN measurement for RLM.
Agreement #2:
· Delete the controversial RRC parameter row “RLM-RS-type” for now or mark it as ‘to be revisited/under discussion’
· Continue discussion on RLM-RS type issue in RAN1 #91

Agreement #3:
· At least single-port CSI-RS resources, following the same design already agreed for BM, can be used for RLM 
· FFS configuration details, especially w.r.t. interaction with those configured for BM
Agreement #4:
· At least the following set of RRC parameters are to be used for configuring CSI-RS 
· Decide in RAN1#91 on whether or not to support the parameters in brackets and possible revisions
· …
CSI-RS-Density
Density of CSI-RS resource measured in RE/port/PRB
{1/2, 1, 3} for X = 1
{1/2, 1} for X = {2, 16, 24, 32}
{1} for X = {4, 8, 12}
Note: Other densities and restriction based on functionality can be added later if agreed
· …


Agreement #5:
· 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

In this contribution, we discuss the remaining details of radio link monitoring.
[bookmark: _Ref178064866]Discussion
In this contribution, we discuss the remaining details of radio link monitoring, partly based on the summary in [1].
RLM estimation procedure
[bookmark: _Hlk498686396]In agreement #1, it was clarified that the NW will not provide any dedicated resources for the purpose of interference estimation in RLM. However, it is still being discussed what resource elements the UE may use to estimate the interference. 
Clearly, it is desirable to let the UE use as many resources as possible to estimate interference, as this will improve performance. However, to use a resource for interference estimation, the UE must be able to separate intra-cell transmissions (which is not interference) from inter-cell transmissions (which is interference). To make this distinction, the UE must know what signal is transmitted from the own cell in a certain resource to be able to use that resource. The UE can essentially detect-and-subtract that signal from the received signal to estimate the interference. Hence, we propose:
[bookmark: _Toc498672309]The UE may perform interference measurements on any resource with a known signal, i.e., a known reference signal, a transmission the UE can decode, or a resource element the UE knows is empty.
As always, the fact that the UE may have several analog Rx beams is being highlighted, and the question has been raised how the UE would adjust its Rx beam when performing RLM. Here, we believe that the proposal is rather natural: since the UE estimates the quality of the link corresponding to a certain RS, it makes a lot of sense for the UE to use the same Rx beam for signal and interference. Hence: 
[bookmark: _Toc498672310]The UE should use the same Rx beam to estimate the signal and the noise/interference component.
RLM resources
The critical issues on RLM relate to the RLM-RS resources that can be supported, both how many and the type. There is agreement that NR will support RLM based on SS block and CSI-RS. The characteristics of the CSI-RS for RLM have not yet been settled, but it should be noted that there are very few limitations on the CSI-RS properties regarding, e.g,, bandwidth, periodicity, density.
The number of RLM-RSs is also important. One relevant use case is to configure the UE with enough SS blocks so that the UE will always be able to hear one of the SS blocks as long as it is in the cell, and thereby avoid RLF. For mmW, this may require that the UE is able to monitor very SS blocks. To guarantee that this works for all deployment cases, the UE would be required to monitor 64 RLM-RS resources.
RLM monitoring is a complex procedure, where the UE is required to estimate the SINR at quite low SINR values, which limits the number of RLM-RS resources. However, it is not certain that the monitoring in NR need to work as it does in LTE.
[bookmark: _Toc498672311]NR supports 64 RLM-RS resources, including RS resources used for beam failure detection.
Clearly, 64 is a large number. We should note however that the more RLM-RSs the UE can monitor, the better. For example, if the UE can monitor 20 RLM-RS resources, deployments where the network actually transmits up to 20 SS blocks would work fine.  
There was also a discussion if the RLM-RSs can be mixed, so that some of the RLM-RS the UE monitors are SS blocks and some are CSI-RSs. Although many deployment cases will use only a single type of RLM-RS, there are also cases where a mix is relevant. It could for instance be the case that in an multi-TRP cell scenario, where the NW may try to reach the UE either in an SFN manner (mimicking the SS block transmission scheme), and a narrow beam from one of the TRPs, which correspond to a CSI-RS beam. The UE should then not declare RLF if it can hear either the SS block or the (narrow) CSI-RS. Another case is if the UE is monitoring PDCCH from TRP1 which transmits SS and from TRP2 which does not transmit SSB. In this case, the NW would need to configure the UE to perform RLM based on SS from TRP1 and CSI-RS from TRP2. 
The issue that is being raised with the mix is that the complexity is higher, since the properties of the SS block and the CSI-RS are different. Here we note that CSI-RS in itself has many configuration possibilities. Performing RLM based on CSI-RS thus means that the UE must be able to perform RLM based on several signal configurations at the same time. As long as the UE is capable of performing RLM based on CSI-RS, we fail to see that the addition of the SS block would impact the complexity significantly. Hence, we propose 
[bookmark: _Toc498672312]NR supports simultaneous configuration of RLM-RSs of different types to a single UE.
Configuration of CSI-RS for RLM 
[bookmark: _Hlk498686534]To proceed with the definition of RLM based on CSI-RS, some additional configuration parameters need to be settled. In [2], RAN4 informs RAN1 about number of ports and densities for CSI-RS for beam management purposes. RAN4 clarifies that both 1-port and 2-port versions of the CSI-RS will provide sufficient accuracy, at least for beam management purposes. RAN4 also states that for single-port, the densities D=1,2,3,4,6, and 12 are feasible for single-port CSI-RS and density D=1 is feasible for the 2-port CSI-RS. 
In agreement #3, RAN1 has agreed the densities of CSI-RS configurations. For the 1-port CSI-RS, NR supports the densities {1/2,1,3}. For RLM, the UE tries to estimate the quality of a signal at quite low SINR levels, much lower than the SINR levels relevant for beam management. Hence, it is important that the UE receives enough energy from the RLM-RS. As the energy is directly related to the density, higher density levels should be considered, and it is questionable if the currently agreed densities suffice. 
Furthermore, the bandwidth of the CSI-RS should be decided. Since RLM needs to work for narrowband UEs, one CSI-RS with s small bandwidth will need to be used. Then, it may also be valuable to rely on a CSI-RS with larger bandwidth to provide better performance. However, we should remember that radio link monitoring is not a procedure that requires high accuracy: it is really designed to avoid that the UE becomes trapped in an unreachable state. Still, in some deployments, it is relevant to use a CSI-RS with larger bandwidth. 
Summarizing, we propose 
[bookmark: _Toc498672313]NR supports the following CSI-RS configuration for RLM
· [bookmark: _Toc498672314]Single-port CSI-RS for beam management with densities D=3, 6, 12
· [bookmark: _Toc498672315]At least 2 bandwidths: 26 subcarriers and one larger bandwidth
Using 2-port CSI-RS for RLM is FFS.
IS/OOS evaluation details
In agreement #5, it was agreed to have two pairs of RLM thresholds. For the default threshold pair, we propose that the threshold pair from LTE is reused: 
[bookmark: _Toc498672316]Reuse the IS/OOS threshold pair from LTE (2%/10%) as the default IS/OOS threshold pair in NR.
Irrespective of the number of configured RLM-RS resources, the UE will only provide one periodic out-of-sync/in-sync indication to higher layers. Since the periods and offsets of the configured RLM-RSs may be different, it is not clear when the UE would provide these indications. The issue is illustrated in Figure 1. 

[bookmark: _Ref498669760]Figure 1: Two staggered RLM-RS resources with different periods.
For the example in Figure 1, it is not at all clear when the UE shall provide the indications to higher layers. Fundamentally, there are two options:
1. L1 in the provides indications to higher layers at a fixed interval, e.g., once per frame, irrespective of the RLM-RS resource periodicities.
2. L1 in the provides indications to higher layers at occasions that depend on the configured RLM-RSs.
The advantage with 1 is that it is simple, and that higher layer counters do not have to be changed based on the RLM-RS periodicities. The advantage with 2 is that it can guarantee that the UE has received at least one instance of one RLM-RS for each new indication, irrespective of the RLM-RS periodicities.
Comparing these two options, it seems that it is unnecessary that the L1 provides indication when no new instance of an RLM-RS resource has been received. Therefore, we propose 
[bookmark: _Toc498672317]The IS/OOS indications to higher layers are provided with the same period as the RLM-RS with the smallest period. The UE provides the indications based on all the signals received during the latest evaluation period.
Conclusions
In this contribution, we make the following proposals:
Proposal 1	The UE may perform interference measurements on any resource with a known signal, i.e., a known reference signal, a transmission the UE can decode, or a resource element the UE knows is empty.
Proposal 2	The UE should use the same Rx beam to estimate the signal and the noise/interference component.
Proposal 3	NR supports 64 RLM-RS resources, including RS resources used for beam failure detection.
Proposal 4	NR supports simultaneous configuration of RLM-RSs of different types to a single UE.
Proposal 5	NR supports the following CSI-RS configuration for RLM
-	Single-port CSI-RS for beam management with densities D=3, 6, 12
-	At least 2 bandwidths: 26 subcarriers and one larger bandwidth
Proposal 6	Reuse the IS/OOS threshold pair from LTE (2%/10%) as the default IS/OOS threshold pair in NR.
Proposal 7	The IS/OOS indications to higher layers are provided with the same period as the RLM-RS with the smallest period. The UE provides the indications based on all the signals received during the latest evaluation period.
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