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1. Introduction
In the past RAN1 meetings [1] [2] [3], NR radio link monitoring was discussed with good progress especially on RLM-RS design; the related agreement is attached in Appendix.

In this contribution, we discuss the following remaining issues for RLM:
· IMR configuration for RLM 
· RLM-RS Type configuration
2. Discussion
2.1. IMR configuration for RLM

In LTE, RLF/RLM is based on measurement on CRS, which is mapped in both PDCCH region and PDSCH region. Therefore, CRS can well reflect serving cell channel and the interference experience by PDCCH, no additional interference measurement resource was defined for RLM.

In NR, it was agreed to use a SINR-like metric to reflect PDCCH quality for RLM. It was further agreed that both SS blocks and CSI-RS can be used as RLM reference signal. In practice, both SS and CSI-RS are valid reference signal from channel measurement perspective, as the common PDCCH can be QCL’ed with SS blocks and the UE specific PDCCH can be QCL’ed with CSI-RS. 
However, neither SS blocks nor CSI-RS can reflect the interference experienced by PDCCH. In a synchronous network deployment, measurement on SS blocks can only see the interference by the collided SS blocks from the neighbor cells, which is totally different from the interference seen by the PDCCH.
On the other hand, when CSI-RS, not allowed to be mapped in the CORESET, is used for RLM, as typically the CSI-RS is configured in the data symbols on which the interference is coming from neighbor PDSCH or CSI-RS, which is also not accurate to evaluate PDCCH quality. Based on the above discussion, we observe that simply measurement on SS blocks and CSI-RS cannot reflect PDCCH quality and thus is not sufficient for accurate RLM. 
Observation 1: Simply measurement on SS blocks and CSI-RS cannot reflect PDCCH quality and thus is not sufficient for accurate RLM.

As analyzed above, it is difficult to obtain interference and noise that can reflect the PDCCH quality well, which will make the SINR metric no longer work well as in LTE. One alternative metric, i.e. signal power to received signal strength ratio, which is also an SINR-like metric and similar to RSRQ, could be used to get the hypothetical PDCCH SINR. In this case, the signal power (numerator of the metric) can still be calculated by RLM-RS, while the received signal strength (denominator of the metric) can be measured on certain resource, like RSSI measurement resource. Note that, the received signal strength is total power co-channel serving and non-serving cells, and adjacent channel interference, and thermal noise, etc., and the measurement resource is still named as IMR for simplicity.
As agreed in RAN1#90bis (the related agreements are copied in Appendix), no additional signaling and reference signal would be introduced for the purpose of interference and noise measurement for RLM, in order to provide more accurate RLM, especially for more accurate interference estimation on PDCCH, pre-determined (i.e. fixed by spec) resources, should be discussed, taking into consideration that the symbols used for interference measurement can be same or different from the symbol from RLM-RS resource(s) [1].
Following solutions can be considered to be defined as IMR:
· Option 1: OFDM symbol(s) of CSI-RS/SS block
CSI-RS/SS block can be QCL’ed with the PDCCH UE specific search space, so it is proper for channel quality measurement in RLM. But again the interference seen on regular CSI-RS (used for DL CSI acquisition) does not reflect the PDCCH interference level.

· Option 2: OFDM symbols in the beginning N symbols, i.e. PDCCH region
N could be the number of the symbols of slot based PDCCH, which is configured by the RRC signaling. As discussed above, this measurement on the resource can reflect PDCCH interference and the radio link quality well. 
· Option 3: All OFDM symbols in slot of RLM-RS
The received signal strength is measured in both the PDCCH region and PDSCH region, more OFDM symbols could be utilized to calculate the receive signal strength, and get more accurate measurement.
· Option 4: OFDM symbols excluding RLM-RS symbols in slot

The OFDM symbols of RLM-RS is excluded compared with option 3. In this case, the power of RLM-RS is not counted in the receive signal strength, which is an optimized scheme when SS block, which is mapped on quite a large resource area, is used for RLM. 
Besides, the RSRQ like metric is used for IS and OOS indication, and the receive signal strength measurement is similar to RSSI measurement. Therefore, it is nature that the IMR for RLM could be defined same as RSSI measurement resource.
Based on the above discussion, we have the following summarized proposals:
Proposal 1: For both SS based and CSI-RS based RLM, pre-determined resource could be defined as IMR for RLM.
Proposal 2: Following interference measurement resource can be supported commonly to both SS block based and CSI-RS based RLM 
· Option 1: OFDM symbols of SS block /CSI-RS
· Option 2: OFDM symbols in the beginning N symbols, i.e. PDCCH region
· Option 3: All OFDM symbols of RLM-RS slot
· Option 4: OFDM symbols excluding RLM-RS symbols in slot
Proposal 3: The IMR for RLM can be defined same as RSSI measurement resource.
2.2. RLM-RS Type configuration
Whether Alt 1) UE is only configured with a single type (between SSB or CSI-RS) of RLM-RS for all RLM-RSs or Alt 2) UE can be configured with any types of RLM-RS for each RLM-RSs had been comprehensively discussed during last RAN1#90bis meeting and on the subsequent email reflector, while no consensus can be reached so far. From our perspective, we have the following observations:
· The potential use case for Alt 2) is unclear.
· Different RLM-RS types will introduce unnecessary complexity to UE side comparing with RLM mechanism in LTE.
· NR Beam failure procedure is a short term mechanism which is newly introduced for NR multi-beam operation; while NR RLM is a traditional long term mechanism for both NR single beam and multi-beam operation; two procedures have different usage purposes and performance requirements, which will result in different parameter configuration.
· Both beam failure procedure and RLM have not finished yet, decouple these two procedures will facility the standardization of the first NR release.
· It is premature to support configuring different RLM-RSs to a UE, as no justification or thorough evaluation on the valid use cases have been presented so far.

During the email discussion on this topic, some companies also showed some valid points below:
· “Identify the potential use cases and the effect on the UE’s complexity before we agree to support different RLM-RS types simultaneously for one UE”
· “Different RLM-RS types will introduce extra complexity to UE side. Especially, UE has to monitor multiple RLM-RS resources, which already increases UE complexity. Our concern on supporting different RLM-RS types include: 

· More UE processing effort and cost: To handle both SSB and CSI-RS, it will increase measuring time when SSB and CSI-RS are TDMed. FDMed SSB and CSI-RS is not feasible because UE may need to use different Rx beams to handle SSB and CSI-RS.

· UE power consumption: It would take longer measuring time. The measurement sampling rate for RLM could be higher than that for RRM, so power consumption is one concern.

· Different periodicity: The OOS indication is based all RLM-RS resources. However, the RLM-RS with long periodicity can’t promptly reflect channel quality, and it may delay the RLF declaration. 

· Different offset: it will potentially introduce longer measuring time.”
· “UE needs to maintain one RLM processing /filtering/tracking chain for one RLM-RS resource. Increasing the number of RLM-RS resources for UE to monitor linearly increases the RLM implementation complexity. For comparison, LTE RLM requires only one chain.

· SSB-based and CSI-RS based RLM required different SINR measurement implementation, which is more involved than RSPR measurement.  

· Neither SSB nor CSI-RS could reflect the PDCCH performance/link quality well. It might be even worse than LTE CRS in reflecting LTE PDCCH performance. Hence, it might not be trivial to optimize RLM procedure for meeting the requirements across wide range of scenarios. Monitoring multiple RLM-RS resources and/or monitoring different RLM-RS types further complicate the RLM implementation/optimization.”
· “Further discuss potential use cases of configuring different types of RLM-RS after December, after essential features are done.”
· “RLM and BM may have different design requirements, different the evaluation period and BLER settings, it will also introduce additional complexity in the configuration of the RLM-RS for RLM and RLM-RS for BM”
Proposal 4: NR configures a single RLM-RS type only for RLM purpose for the first R15 Release.
3. Conclusion
In this contribution, we discuss the remaining issues on NR RLM, with following observation and proposals :
Observation 1: Simply measurement on SS blocks and CSI-RS cannot reflect PDCCH quality and thus is not sufficient for accurate RLM.
Proposal 1: For both SS based and CSI-RS based RLM, pre-determined resource could be defined as IMR for RLM.
Proposal 2: Following interference measurement resource can be supported commonly to both SS block based and CSI-RS based RLM 
· Option 1: OFDM symbols of SS block /CSI-RS
· Option 2: OFDM symbols in the beginning N symbols, i.e. PDCCH region
· Option 3: All OFDM symbols of RLM-RS slot
· Option 4: OFDM symbols excluding RLM-RS symbols in slot

Proposal 3: The IMR for RLM can be defined same as RSSI measurement resource.
Proposal 4: NR configures a single RLM-RS type only for RLM purpose for the first R15 Release.
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Appendix: Agreements on Radio link monitoring
RAN1#90 bis:

Agreements:

· 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

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:

· 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:

· 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:

· 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.
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