Page 1
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting NR AH#3


R1-1716261
Nagoya, Japan, September 18th – 21st, 2017

Agenda Item:
6.1.5.2
Source:
InterDigital Inc.
Title:
Radio Link Monitoring
Document for:
Discussion, Decision
1 Introduction
In LTE, the UE can use always on signals such as CRS for the purpose of radio link monitoring (RLM). For NR, different RS were discussed for RLM with desirable properties such as periodic transmission with short enough periodicity, wideband transmission relative to the bandwidth of the active bandwidth part, support for both single beam and multi-beam operations and measure of control channel quality. Finally, two different types of RS i.e. CSI-RS based and SS block based are agreed to be supported for RLM. NR further supports the configuration of X RLM-RS resources and the configuration of a single RLM-RS type only to different RLM-RS resources for a UE at any time.
This contribution discusses further details of RLM for standalone NR, including aspects related to configuration of more than one BLER threshold and its relation to X RLM resources.
2 Radio Link monitoring for NR
In LTE, the UE estimates the downlink radio link quality based on CRS for the purpose of RLM. The UE’s PHY layer is configured to periodically assess the radio link quality and transmits in-sync or out-of-sync indication to higher layers based on predefined Qin and Qout thresholds. The Qout threshold is defined as the level at which the downlink radio link cannot be reliably received and corresponds to 10% BLER (Block Error Rate) of a hypothetical PDCCH transmission. The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and corresponds to 2% BLER of a hypothetical PDCCH transmission. Those BLER thresholds and the definition of hypothetical PDCCH are both fixed/hardcoded in the LTE specifications. As a result, when new features were introduced (e.g. eMTC, NBIoT) in later releases, new hypothetical PDCCH channels were added for the RLM procedure and specific to new UE categories. 
The NR design supports a high degree of spectrum flexibility that enables deployment in different frequency bands with varying bandwidths. In addition, the NR system is expected to support diverse set of services with varying requirements on the quality of service in terms of throughput, delay and reliability. In other words, different services may not be impacted equally for a given hypothetical PDCCH error rate. 
To have a flexible RLM that handles different types of services with varying tolerance for control channel quality, it should be possible to have the in-sync and out-of-sync BLER thresholds be configurable, rather than one fixed value.  
In case a UE is configured with one or multiple services with similar quality of service/error tolerance, then the UE may apply one in-sync and out-of-sync BLER threshold. Such threshold may either be default or explicitly configured by network from a list of pre-defined BLER thresholds. 

In case a UE is configured with two or more services with significantly varying quality of service requirements/error tolerance, it may be desirable to configure more than one in-sync and out-of-sync BLER thresholds for the UE. 
Observation 1:
Different types of service may have varying degree of tolerance on PDCCH error rate and may benefit from a flexible configuration of BLER thresholds for PDCCH quality assessment.
Proposal 1:
NR supports configuration of one or more in-synch BLER and one or more out-of-synch BLER per UE at a time.
In RAN1#90[2], it was agreed that the UE may be configured to perform RLM on one or more RLM-RS resources. The conditions for generating in-sync and out-of-sync indications were also agreed as follows:
	· When UE is configured to perform RLM on one or multiple RLM-RS resource(s),

· Periodic IS is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on at least Y RLM-RS resource among all configured X RLM-RS resource(s) is above Q_in threshold

· FFS: Y is configurable or fixed, and the value, e.g., Y=1

· FFS: aperiodic indication(s) based on beam failure recovery procedure to assist RLF procedure if different RS is used
· Periodic OOS is indicated 
· If the estimated link quality corresponding to hypothetical PDCCH BLER based on all configured X RLM-RS resource(s) is below Q_out threshold

· FFS: The evaluation of OOS takes beam failure recovery procedure into account


The agreements for generating in-sync and out-of-sync indications use ‘hypothetical PDCCH BLER’ similar to LTE. For NR, some differences can however be observed when more than one RLM-RS resources are configured for a UE. According to the agreements, the conditions to generate in-sync and out-of-sync indications should consider how many of RLM-RS resources are above or below the Qin/Qout threshold. These conditions are unambiguous when only one BLER threshold is configured for a UE. The following agreements were made in case of multiple BLER thresholds:
	· NR supports x in-sync BLERs and x out-of-sync BLERs for a hypothetical PDCCH

· The number of different BLER values x in the range of [1 < x <= 3]
· FFS: One or more in-synch BLER and one or more out-of-synch BLER is configured per UE at a time

· FFS: Default one in-synch BLER and one out-of-synch BLER values are used if not configured.

· FFS: the values of the BLERs of for hypothetical PDCCH corresponding to x In-synch and x out-of-synch threshold


When more than one BLER thresholds are configured for a UE, it is not clear which BLER threshold needs to be met for the hypothetical PDCCH based on a specific RLM-RS resource. It is also not clear if one RLM-RS resource can be associated with more than one BLER threshold. Based on the linkage between the RLM-RS resource and the configured BLER thresholds, the following different options possible: 

Option:1a The PDCCH quality derived from each the RLM-RS resources is compared with one of the configured BLER thresholds (1 < x <=3). In this option, all the RLM-RS resources are compared with one BLER threshold. An example representation of option1a is shown below:
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Figure 1 Option:1a

Option:1b The PDCCH quality derived from each the RLM-RS resources is compared with one of the configured BLER thresholds (1 < x <=3). But different RLM-RS resources may be compared with different BLER thresholds. This option can be realized for example, by grouping the different RS associated with the a CORESET or a group of CORESETs and comparing against the BLER specific to that CORESET or CORESET group. An example representation of option1b is shown below:
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Figure 2 Option:1b
Option:2a The PDCCH quality derived from each RLM-RS resource is compared with more than one of the configured BLER thresholds (1 < x <=3). In this option, all the RLM-RS resources are compared with the same subset of BLER thresholds. An example representation of option2a is shown below:
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Figure 3 Option:2a
Option:2b The PDCCH quality derived from each RLM-RS resource is compared with more than one of the configured BLER thresholds (1 < x <=3). But different RLM-RS resources may be compared with different subset of BLER thresholds. This option can be realized for example, by grouping the different RS associated with the a CORESET or a group of CORESETs and comparing against the BLER specific to that CORESET or CORESET group. An example representation of option2b is shown below:
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Figure 4 Option:2b
Option:3 The PDCCH quality derived from each RLM-RS resource is compared with all the configured BLER thresholds (1 < x <=3). An example representation of option3 is shown below:
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Figure 5 Option:3
Based on the different options described above, following observations can be made,
Observation 2:
If more than one BLER threshold is configured concurrently, it should be clarified which BLER threshold(s) are evaluated for each configured RLM-RS resource.

Observation 3:  
If hypothetical PDCCH quality based on each RLM-RS resource is compared against more than one BLER threshold, then it is possible that more than one IN-SYNC or OUT-OF-SYNC indications may be generated. 

Consequently, following proposals are made in the case where X RLM-RS resources and multiple BLER thresholds are configured concurrently for a UE.

Proposal 2: 
NR supports configuration of one or more BLER thresholds for the evaluation of hypothetical PDCCH quality derived from each RLM-RS resource.

Proposal 3:
NR supports configuration of association between a RLM-RS resource and corresponding BLER threshold(s) in order to evaluate the hypothetical PDCCH quality derived from such RLM-RS resource.

Proposal 4: 
It is FFS how to generate IN-SYNC or OUT-OF-SYNC indications, if more than one BLER threshold is applied for hypothetical PDCCH quality derived from each RLM-RS resource.

3 Conclusion
This contribution discusses radio link monitoring for NR and the following observations and proposals are made:
Observation 1:
Different types of service may have varying degree of tolerance on PDCCH error rate and may benefit from a flexible configuration of BLER thresholds for PDCCH quality assessment.
Observation 2:
If more than one BLER threshold is configured concurrently, it should be clarified which BLER threshold(s) are evaluated for each configured RLM-RS resource.

Observation 3:  
If hypothetical PDCCH quality based on each RLM-RS resource is compared against more than one BLER threshold, then it is possible that more than one IN-SYNC or OUT-OF-SYNC indications may be generated. 

Proposal 1:
NR supports configuration of one or more in-synch BLER and one or more out-of-synch BLER per UE at a time.

Proposal 2: 
NR supports configuration of one or more BLER thresholds for the evaluation of hypothetical PDCCH quality derived from each RLM-RS resource.

Proposal 3:
NR supports configuration of association between a RLM-RS resource and corresponding BLER threshold(s) in order to evaluate the hypothetical PDCCH quality derived from such RLM-RS resource.

Proposal 4: 
It is FFS how to generate IN-SYNC or OUT-OF-SYNC indications, if more than one BLER threshold is applied for hypothetical PDCCH quality derived from each RLM-RS resource.
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5 Annex

During RAN1#90 [2], it was further agreed that;
	Agreements:
· NR supports RLM on PCell and PSCell only

· For RLM, NR supports to configure a single type of RS for a CORESET for a UE at a time

· FFS on interference measurement resource for each RS type

· Signal and interference measurements for a given CORESET may be performed by using same RX beam

Agreements:
· Support to configure single RLM-RS type only to different RLM-RS resources for a UE at a time

Agreements:
· Hypothetical PDCCH BLER is used as the metric for determining IS/OOS conditions for both SS/PBCH block based and CSI-RS based RLM

· UE assumes same antenna port between hypothetical PDCCH and RS used for RLM

· FFS: UE assumes QCL relationship between PDCCH transmitted in a CORESET and RS configured for the CORESET with respect to spatial, average gain, delay and Doppler parameters

Agreements:
· NR supports to configure X RLM-RS resource(s)

· One RLM-RS resource can be either one SS/PBCH block or one CSI-RS resource/port

· The RLM-RS resources are UE-specifically configured at least in case of CSI-RS based RLM

· FFS: how to configure RLM-RS resources in case of SS/PBCH block based RLM

· FFS: whether/which the default RLM-RS resource(s) is defined

· FFS: whether configured RLM-RS resource(s) and RS(s) used for beam failure detection are same or different set

· FFS: in case of CSI-RS based RLM, which CSI-RS is used, beam management CSI-RS or L3 mobility CSI-RS

· FFS: if/how to configure interference measurement resource for RLM

· The symbols used for interference measurement can be same or different from the symbol from RLM-RS resource(s)

· When UE is configured to perform RLM on one or multiple RLM-RS resource(s),

· Periodic IS is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on at least Y RLM-RS resource among all configured X RLM-RS resource(s) is above Q_in threshold

· FFS: Y is configurable or fixed, and the value, e.g., Y=1

· FFS: aperiodic indication(s) based on beam failure recovery procedure to assist RLF procedure if different RS is used
Agreements:
· Periodic OOS is indicated 
· If the estimated link quality corresponding to hypothetical PDCCH BLER based on all configured X RLM-RS resource(s) is below Q_out threshold

· FFS: The evaluation of OOS takes beam failure recovery procedure into account
· FFS: Aperiodic OOS
Agreements:
· NR supports x in-sync BLERs and x out-of-sync BLERs for a hypothetical PDCCH

· The number of different BLER values x in the range of [1 < x <= 3]
· FFS: One or more in-synch BLER and one or more out-of-synch BLER is configured per UE at a time

· FFS: Default one in-synch BLER and one out-of-synch BLER values are used if not configured.

· FFS: the values of the BLERs of for hypothetical PDCCH corresponding to x In-synch and x out-of-synch thresholds



During RAN1 Ad-Hoc#2 [1], the following aspects were agreed:

	Agreements:
· The RS used for RLM should have following properties 

· Periodic transmission with short enough periodicity

· Wideband transmission relative to bandwidth of active bandwidth part

· Supporting both single beam and multi-beam operations

· Representing control channel quality

· Both CSI-RS based RLM and SS block based RLM are supported

· FFS: whether or not only a single type of RS is configured to UE for RLM at a time
Agreements:
· NR should strive to provide aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF) procedure, if same RS is used for beam failure recovery and RLM procedures. 

· Example 1: aperiodic indication(s) based on beam failure recovery procedure can reset/stop T310

· RAN2 can decide specific procedure

· Example 2: aperiodic indication(s) based on failure of beam recovery procedure

· How to use aperiodic indication can be decided in RAN2

· FFS: aperiodic indication(s) based on beam failure recovery procedure to assist RLF procedure if different RS is used


During RAN1#89 following agreements were made:

	Agreements:
· IS and OOS indications are based on SINR-like metric (e.g., hypothetical PDCCH BLER) as in LTE
· SINR-like metric as in LTE represents whether or not UE can receive PDCCH
· FFS: PDCCH in U-SS and/or PDCCH in C-SS
· RS used to derive SINR-like metric is down selected from following options
· Opt.1: CSI-RS
· Opt.2: DMRS for NR-PDCCH in C-SS
· Opt.3: DMRS for NR-PBCH
· Opt.4: NR-SSS
· Opt.5: RS for time/frequency tracking (if separate RS from above is defined for time/frequency tracking)
· FFS: how many options are used
· RAN1 assumes that single IS or OOS is indicated per reporting instance regardless number of beams available in cell. RAN1 has not concluded whether IS/OOS indications for RLF are per cell or not.
· RAN1 plans to provide at least periodic IS/OOS indications.
· FFS: possibility of additional aperiodic IS indication e.g., based on beam failure recovery mechanism.
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