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1. Introduction
In this contribution, we discuss radio link monitoring (RLM) measurements and procedures related to radio link failure declaration. The contribution focuses on finalizing the FFS points from the RAN1 #90bis. The following is a copy of agreements made in regarding 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:
· RLM-RS based on CSI-RS can be separately configured from CSI-RS for BM.
0. Framework for signaling CSI-RS for RLM would use the same signaling framework for signaling CSI-RS for BM.
0. FFS: additional updates of CSI-RS for RLM based on updates of CSI-RS in BM
0. 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
0. final value of X to be determined in the next meeting and (X <= [8])
0. 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.
0. FFS: whether to have different number for sub 6 and above 6 GHz
Agreements:
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.
1. Rel-15 NR will not provide configuration of additional resource(s) for the purpose of IN measurement for RLM.
1. RAN1 continues discussions on which (existing) resource(s) can be and/or cannot be used for IN measurement for RLM. 
2. Note that this does not necessarily mean the NR specification will specify UE behavior on use of resources for IN measurement for RLM.
Agreements:
1. For guidance for RAN4 testing & requirement purposes:
3. 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.
Agreements:
1. Include the following IS/OOS threshold pair indication in RRC parameter list

	Parameter name in text
	Description
	Value range
	Default value
	UE/Cell Specific

	IS/OOS threshold pair indication
	Index corresponds to one of the two IS/OOS threshold pair for RLM.
	{0, 1}
	0*
	UE-specific


*Note that default value of ‘0’ for IS/OOS threshold pair indication corresponds to the LTE-like IS/OOS threshold of 2% and 10% BLER, which is subject to RAN4 verification of applicability to NR PDCCH and NR PDSCH.

Agreements:
1. There is no need to separately capture “number of configured RLM-RS” in the RRC parameter list. 
1. Note that this is with the understanding number of configured RLM-RS will be part of the RLM-RS configuration.

Agreements:
1. Delete the controversial RRC parameter row “RLM-RS-type” for now or mark it as ‘to be revisited/under discussion’
1. Continue discussion on RLM-RS type issue in RAN1 #91

Agreements:
1. Continue discussion in RAN1 #91 on the following aspects: 
4. Capability signaling for supporting different maximum number of configured RLM-RS
4. UE monitoring a sub-set of the configured RLM-RS
4. Relationship between maximum number of configured RLM-RSs and evaluation period of IS and OOS
4. Frequency band dependent maximum number of configured RLM-RS




2. Clarification of Existing Agreement
One of the agreements on RLM from RAN1 NR AH#3 stated the following:
	Agreements:
· For a cell group, 
· A single IS or OOS is reported by the UE 
· A single IS BLER is configured for a UE at time
· A single OOS BLER is configured for a UE at a time
· Configurable from two pairs of values for IS/OOS BLERs
· Detailed pair of values up to RAN4 to decide
· FFS whether the configuration is an explicit RRC configuration or implicitly derived from other parameter
· FFS the case of URLLC & mMTC


	From our understanding, the concept of cell group for RLM in the agreement was a mistake and it should have been instead “For a set of configured RLM-RSs,”. This should be corrected, such that there are no confusion later due to this agreement.
Proposal 1:
· Replace “For a cell group” statement in the previous agreement in RAN1 NR Adhoc #3 to “For a set of configured RLM-RSs”. 

3.  Interference & Noise Measurement for RLM
When performing measurements to obtain SINR-like metrics, there are 5 approaches that were discussed during RAN1 #90bis.
Alt 1) resource used for interference/noise measurement should be same as resource carrying RLM-RS(s)
Alt 2) dedicated resource with zero power should be configured for RLM interference/noise measurement
Alt 3) dedicated resource with another RS (e.g. CSI-RS) that is different from RLM-RS should be configured for RLM interference/noise measurement
Alt 4) resources that is potentially occupied by existing RS, such as DMRS of PDCCH, is used for RLM interference/noise measurement
Alt 5) interference measurement resource and signal measurement resource are at least at the same slot and up to UE implementation on how measurement is performed within the slot
Based on further agreements during RAN1 #90bis, Alt 2 and 3 were agreed to be not supported, as Rel-15 NR will not provide additional signaling for the purpose of interference/noise measurement for RLM. Therefore, we compare the three options Alt 1, 4, and 5 in this section.
From our understanding, the main difference between the alternatives is whether particular restrictions on resources that should be used for interference/noise measurement is specified in the standard or not. In LTE, such restrictions was not needed as there are always on reference signals that are available. Furthermore, the always on reference signals (i.e. CRS) in LTE was available in the PDCCH region, where UE could potentially measure the interference/noise of the PDCCH. Therefore, nothing specific was needed to be specified in the standard.
In general, UE can utilize any reference signal, as long as UE is aware of the transmission of such reference signal and sequence of the RS, UE may be able to perform channel estimation and potentially interference and noise (I/N) covariance estimation on those RS resources. Therefore, it can be stated that Alt 1 and Alt 4 are supported by UE implementation unless specifically forbidden by the standards. It will be a matter of whether the measured interference and noise covariance can reflect the hypothetical PDCCH statistics. The best estimation of the true PDCCH interference and noise covariance would have been to configure IMR resources within the PDCCH region, but given that this is no longer a viable option, the next best approach would be that UE should be allowed to use any reference signals it has been configured for (including the SS/PBCH blocks) to make best guess estimates of the PDCCH interference and noise covariance.
Limiting the I/N measurement for RLM to Alt 1 or Alt 4 may be problematic. Alt 1 may suffer from bias in the I/N measurement due to I/N contamination from other cell SS/PBCH blocks. Alt 4 has the problem where RAN1 has agreed that DMRS of the PDCCH is UE specifically configured, and therefore UE may only able to measure I/N only when it has been scheduled by the network and UE has successfully decoded the PDCCH. 
Based on the observations above, we propose not to put limitation on how UE is able to derive the interference and noise measurement for computing the hypothetical PDCCH BLER needed for RLM reporting.

Proposal 2:
· No explicit resources are defined for Interference and noise Measurement Resource (IMR) for RLM, and it is up to UE implementation on how interference and noise measurement can be performed.

4. Maximum Number of Configured RLM-RS
The configured RLM-RS for RLM procedure should provide accurate and stable measurement of the PDCCH BLER performance of the PDCCH used for communication between the gNB and UE. Furthermore, although UE could be configured to monitor multiple CORESET and therefore PDCCH, the number of monitored CORESET would be limited. Once additional Tx beams that could be potentially used for connection is found, RLM-RS corresponding to those Tx beams could be configured by the network. Therefore, in most typical cases, the number of useful RLM-RS would be limited.
Additionally, the RLM metric of hypothetical PDCCH BLER is based on SINR measurements. To achieve very reliable estimates (with stable estimates for SINR values down to -15 dB in LTE), the processing effort for RLM is quite high. The process required for RLM is order magnitude more complex than measurement for RRM, such as RSRP or RSRQ. Therefore, if the UE is required to monitor very large number of RLM-RS concurrently, it would put a severe burden on UE processing.
	The complexity for computing RLM metric depends on the number of actively monitoring RSs, and there could be more room for more RS configuration as long as UE is not monitoring them. However, at the level of SINR values required to compute the RLM metric, UE would not be able to keep track of signal strength of RS and compare those to ultimately narrow down to a limited number of RS to monitor. Therefore, configuration of large number of RS for RLM and having the UE down-select to a few RS for monitoring may not work in practice. This may be more or less equivalent to UE randomly selecting few RSs for monitoring RLM in the end. This type of methodology may be even more catastrophic as the network may not be able to reliably predict UE behavior.
Based on this, we propose to confirm the working assumption of maximum of 8 RLM-RS that could be configured for the UE.
Proposal 3:
· Confirm working assumption of maximum of 8 RLM-RSs that can be configured for a UE

5. Concurrent support of one or two RLM-RS types
From the discussions in RAN1 #90bis, it was evident that companies had different interpretation of the agreed text on concurrent support of one or two RLM-RS types. The total complexity of RLM at the UE side depends on the number of configured RLM-RSs. If the total number of RLM-RSs can be kept to a small value, it should be possible for the UE to support concurrent measurement of SS/PBCH block and CSI-Rs for RLM. This is with the understanding that both types of RLM-RSs can be within the RLM monitoring period, which is currently being discussed in RAN4. 

Observation 1:
· If the total number of RLM-RSs that could be configured for the UE (regardless of RS type) can be kept to a small value, it should be possible for the UE to support concurrent measurement of SS/PBCH blocks and CSI-RSs for RLM.

6. Configuration for SS/PBCH Blocks based RLM
In RAN1 #90bis, there were discussion on how to signal the SS/PBCH blocks for RLM measurements. Below is a capture of the discussion and agreements on the SS/PBCH block signaling 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



Additionally, it was agreed that number of configurable RLM-RS should be limited to at most [8] RSs. With the understanding that the working assumption of [8] can be confirmed, there would be less overhead if RRC signaling directly indicated the SS/PBCH block index as part of the RLM measurements.

Proposal 4:
· NR supports RRC signaling of a list of SS/PBCH block indices for RLM measurements, where the number of SS/PBCH blocks configured is subject to the maximum number of RLM-RS limits.


7. Configuration for CSI-RS based RLM
The number of ports that could be configured for CSI-RS for BM is 1 or 2. Additionally, CSI-RS configuration for RLM was agreed to be based on the signaling framework for CSI-RS for BM. Therefore, RLM measurement would need to handle configurations where CSI-RS for RLM is configured with 2 port configuration per CSI-RS resource.
The RLM measurement is to measure the hypothetical PDCCH BLER based on the RS configured. When a single RS port is configured, this is fairly straight forward as only single port transmission of PDCCH is supported by the specification. In case of 2 port CSI-RS configuration, it is unclear how the 2 port of CSI-RS can be mapped to a single port of PDCCH DMRS.
There could be potentially three different alternatives to handling the 2 port CSI-RS configuration for RLM.
Option 1) Do not support 2 port CSI-RS configuration for RLM.
Option 2) Treat each CSI-RS port as a separate RLM-RS and compute the RLM-RS metric for each port. When applying the number of configured RLM-RS limitation, count each CSI-RS port as 1 RLM-RS.
Option 3) Standardize antenna port mapping between 2 CSI-RS ports and 1 (hypothetical) PDCCH DMRS port. One simple solution is to use 2 port rank 1 codebook (such as shown in Table 1) and assume that precoding vector cyclic among the 2 port rank 1 precoding is utilized for PDCCH DMRS.
[bookmark: _Ref498724664]Table 1. 2 Antenna Port - Rank 1 Precoding Matrices
	Codebook Index
	0
	1
	2
	3

	Precoding Matrix
	

	

	

	




Among the three listed options, we believe option 1 should be avoided. If 2 port CSI-RS for BM is deployed in the cell, forcing CSI-RS for RLM to be single port, can cause inefficiencies in multiplexing different CSI-RS resources and forbid use of same CSI-RS for both BM and RLM.
[bookmark: _GoBack]
Proposal 5:
· In case of 2 port CSI-RS configuration for RLM down-select from the following:
· Option A) Treat each CSI-RS port as a separate RLM-RS and compute the RLM-RS metric for each port. When applying the number of configured RLM-RS limitation, count each CSI-RS port as 1 RLM-RS.
· Option B) UE shall assume that 2 AP rank 1 precoding vector cycling is applied to the 2 port CSI-RS to map to the hypothetical PDCCH DMRS port when computing the hypothetical PDCCH BLER for RLM.


8. Conclusions
	In this contribution, we discussed remaining details of RLM. Our proposals are summarized as below:
Proposal 1:
· Replace “For a cell group” statement in the previous agreement in RAN1 NR Adhoc #3 to “For a set of configured RLM-RSs”. 

Proposal 2:
· No explicit resources are defined for Interference and noise Measurement Resource (IMR) for RLM, and it is up to UE implementation on how interference and noise measurement can be performed.

Proposal 3:
· Confirm working assumption of maximum of 8 RLM-RSs that can be configured for a UE

Observation 1:
· If the total number of RLM-RSs that could be configured for the UE (regardless of RS type) can be kept to a small value, it should be possible for the UE to support concurrent measurement of SS/PBCH blocks and CSI-RSs for RLM.

Proposal 4:
· NR supports RRC signaling of a list of SS/PBCH block indices for RLM measurements, where the number of SS/PBCH blocks configured is subject to the maximum number of RLM-RS limits.

Proposal 5:
· In case of 2 port CSI-RS configuration for RLM down-select from the following:
· Option A) Treat each CSI-RS port as a separate RLM-RS and compute the RLM-RS metric for each port. When applying the number of configured RLM-RS limitation, count each CSI-RS port as 1 RLM-RS.
· Option B) UE shall assume that 2 AP rank 1 precoding vector cycling is applied to the 2 port CSI-RS to map to the hypothetical PDCCH DMRS port when computing the hypothetical PDCCH BLER for RLM.
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