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1 Introduction
In this contribution, we discuss the remaining issues for RLM in NR.
2  Discussion
The purpose of RLM is to monitor the radio link quality of the serving cell of the UE and use that information to decide whether the UE is in in-sync or out-of-sync with respect to that serving cell. 
In LTE, RLM is carried out by UE performing SINR measurement based on CRS. L1 periodically sends in-sync indication or out-of-sync indication to L3. In-sync or out-of-sync is determined based on CRS channel quality and the associated hypothetical PDCCH block error ratio; and the actual procedure is carried out by mapping the estimated downlink reference symbol measurements (SINR) to a BLER and comparing to the target BLER, Qout (10%) and Qin (2%), of hypothetical PDCCH/PCFICH transmissions from the serving cell. In non-DRX mode, the physical layer in the UE shall every radio frame assess the radio link quality, evaluated over the previous time period, against the corresponding thresholds (Qout and Qin). In DRX mode, the physical layer in the UE shall at least once every DRX period assess the radio link quality, evaluated over the previous time period, against thresholds (Qout and Qin). If L3 receives N310 consecutive out-of-sync indications, timer T310 starts running to wait for radio link recovery (i.e. for N311 consecutive in-sync indications received). If T310 expires, timer T311 starts to attempt RRC connection re-establishment. If T311 expires, the UE enters to idle state.
In NR, RLM is performed based on up to [8] RLM-RS resources configured by the network, where: 

· 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.

When UE is configured to perform RLM on one or multiple RLM-RS resource(s),
· Periodic IS (in-sync) is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on at least Y=1 RLM-RS resource among all configured X RLM-RS resource(s) is above Q_in threshold, and

· 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.

At least the following are the remaining issues to be decided for RLM in NR:
· Choosing a relevant parameter setting for mapping between the hypothetical PDCCH configuration and measurements based on an RLM-RS resource

· Hypothetical DMRS configuration

· Evaluation period

· OOS indication interval
· Transition requirements

· The impact of configuring multiple RLM-RS resources on all of the above
2.1 Choosing a relevant setting for the hypothetical PDCCH configuration
In LTE, 36.133 defines transmission parameters for hypothetical PDCCH and PCFICH. In NR, there is no PCFICH, and PDCCH is transmitted in CORESETs. CORESET configuration is provided to the UE via RRC signaling. Multiple CORESETs can be configured for the same UE. There can also be different types of control and system information contained in the same or different CORESETs. For example, there can be OSI CORESET, RMSI CORESET, paging CORESET, CORESET for RAR, etc. Furthermore, in a given CORESET, there can be multiple search spaces which can be of two types (e.g., UE-common search space and UE-specific search space) and they can have different periodicities for a UE to monitor. Also, some search spaces can contain the information related to other scheduled cells, e.g., in case of cross-carrier scheduling.
· Observation 1: In LTE, even though multiple values exist for some of the hypothetical control channel transmission parameters (e.g., number of symbols and bandwidth), the relevant setting can be determined by the UE based on the corresponding actual configuration (e.g., the PDCCH bandwidth is always full system bandwidth known to the UE and the number of control symbols is also known to the UE).
· Observation 2: It is impossible to define RLM requirement for all control channel and CORESETs configuration options in NR.

· Observation 3: If multiple values are allowed for some parameters (e.g., number of symbols, bandwidth, numerology, etc.) of the hypothetical PDCCH, it’s not clear how the UE will choose the ones for mapping between the SINR and BLER. On the other hand, defining the same parameter setting for all NR deployments and all UE capabilities will limit RLM functionality even compared to LTE.
· Proposal 1: Unless the UE is explicitly signaled which parameter setting to select (for the hypothetical control channel parameters with multiple options), the UE selects the relevant setting in a pre-defined way, e.g., at least for SSB-based RLM:
· A specific type of the CORESET (e.g., one of the RMSI CORESETs) is assumed when defining hypothetical control channel transmission parameters, Note that RAN1 will define a small number of CORESETs for RMSI. For RLM, RAN4 can choose one of them.
· The number of symbols of the hypothetical control channel is the same as for this CORESET,
· The bandwidth of the hypothetical control channel is the same as this CORESET bandwidth,

· The numerology of the hypothetical control channel is the same as this CORESET numerology,

· The hypothetical control channel is assumed to be monitored within a periodic RMSI PDCCH monitoring window (parameters are FFS in RAN1) associated with the SS/PBCH block.
· Proposal 2: As a baseline, the rules for selecting the relevant non-ambiguous hypothetical setting with CSI-RS can be the same as described above for SS/PBCH block based RLM.
2.2 Hypothetical DMRS configuration
Hypothetical DMRS transmission parameters, which cannot be uniquely determined by the UE based on the hypothetical control channel transmission parameters, have to be also decided by RAN4, e.g., transmit power offset and density.
· Proposal 3: Hypothetical DMRS transmit power (e.g., boosting or no boosting) is to be specified.
· Proposal 4: Hypothetical DMRS density is to be specified, based on the CORESET.
2.3 Evaluation Period

In LTE, the evaluation period during which the UE estimates the DL radio link quality of a serving cell is 200 ms for OOS and 100 ms for IS for non-DRX mode. For DRX mode, the evaluation period is the same for OOS and IS and depends on the DRX cycle length and the number of DRX cycles.
Unlike in LTE, an NR UE is configured with multiple RLM-RS resources which can be up to 8. The configured RLM-RS resources can be of different types (e.g., SS/PBCH blocks or CSI-RS) and thus expectedly may have completely different configurations, but can also have different configurations even being of the same type, e.g., CSI-RS transmitted on one beam and/or in one part of the system bandwidth can have a different configuration (e.g., periodicity, density in time and/or frequency, bandwidth, transmit power or boosting) compared to CSI-RS on another beam and/or another part of the system bandwidth. Furthermore, there may be different hypothetical channel or signal configurations associated with different RLM-RS resources. Different evaluation periods for different RLM-RS resources may also complicate handling OOS indications and configuring OOS timers and counters if some of the RLM-RS resources are evaluated more frequently than the others. In such scenarios, it is not clear how to define RLM evaluation period in NR.
· Proposal 5: Specify one common evaluation period for all configured RLM-RS resources.
· Proposal 6: The common evaluation period can be based on the longest periodicity of RLM-RSs in the configured RLM-RS resources.

· Proposal 7: The common evaluation period further depends on the measurement gap pattern when it is configured.
2.4 OOS Indication Interval

In TS 36.133, it is stated for non-DRX, two successive indications from Layer 1 shall be separated by at least 10 ms. Also, in 36.213 it is specified that in non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality, evaluated over the previous time period defined in 36.133, against thresholds (Qout and Qin), and in DRX mode operation, the physical layer in the UE shall at least once every DRX period assess the radio link quality, evaluated over the previous time period defined in 36.133, against thresholds (Qout and Qin).
In NR, different RLM-RS resources can have different configurations, so it is not clear what are the OOS indication occasions.
· Proposal 8:

· The IS/OOS indications to higher layers (at least when no gaps are configured) has the same period as the configured RLM-RS with the shortest period,
· The physical layer assesses the link quality for each configured RLM-RS based on all RLM-RS signal instances received during its latest evaluation period.
2.5 Transition Requirements
In LTE, there are requirements when the UE transitions between any two of DRX, eDRX_CONN, and non-DRX or when DRX or eDRX_CONN cycle length changes, for PCell and PSCell.
In NR, DRX configuration may also change, so some DRX-related transition requirements are also needed.
· Proposal 9: DRX-related transition requirements need to be specified also for NR
In addition to DRX changes, in NR the UE may also be reconfigured with a new set of RLM-RS resources or some parameters for an already configured RLM-RS resource may be modified. To ensure the correct UE behavior and consistent RLM performance, there is a need for the requirements at RLM-RS configuration changes.
· Proposal 10: Specify/clarify requirements applicable when the set of RLM-RS resources or some parameters for an already configured RLM-RS resource change, e.g.:
· During the transition period, the UE has to meet the most relaxed requirements between those associated with the old configuration of RLM-RS resources and the new configuration of RLM-RS resources. The transition period start from the time when the change is applied or the new configuration is received and last for one most relaxed evaluation period or the longest RLM-RS periodicity among the configured old and new RLM-RS resources.

2.6 Hypothetical Control Channel and DMRS Parameters for SSB-Based RLM
In Table 1, we summarize our proposal on hypothetical PDCCH and DMRS configuration:
	Attribute
	Value for BLER pair#0
	Value for BLER pair#1

	Control channel SCS
	Same as SCS of the RMSI CORESETNote 1
	Same as SCS of the RMSI CORESET Note 1

	Control channel bandwidth
	Same as the bandwidth of RMSI CORESET
	Same as the bandwidth of RMSI CORESET

	DCI format
	In-sync: 30 bits

Out-of-sync: 60 bits
	FFS 

	Number of control OFDM symbols
	Same as the number of symbols of RMSI CORESET Note 2
	Same as the number of symbols of RMSI CORESETNote 2

	Starting OFDM symbol
	Symbol #0
	Symbol #0

	Aggregation level (CCE)
	In-sync: 4 and 8

Out-of-sync: 8
	FFS

	REG bundle size
	6
	FFS

	Frequency domain resources
	FFS (e.g., contiguous or non-contiguous)
	FFS

	Transmission type
	FFS (e.g., interleaved or non-interleaved)
	FFS

	Ratio of PDCCH RE energy to average SSS RE energy
	0 dB
	FFS

	Ratio of DMRS energy to average SSS RE energy
	0 dB
	FFS

	DMRS density
	FFS, determined based on the CORESET
	FFS, determined based on the CORESET

	CP length
	Same as the CP length of RMSI CORESET
	Same as the CP length of RMSI CORESET

	PDCCH monitoring window
	FFS
	FFS

	NOTE 1: 15 kHz, 30 kHz, or 60 kHz for frequency range FR1; 60 kHz and 120 kHz for frequency range FR2.
NOTE 2: Can be 1, 2, or 3 OFDM symbols.


· Proposal 11: Specify hypothetical control channel and DMRS parameters as in Table 1.
3 Summary

The following has been observed and proposed in the current contribution:
· Observation 1: In LTE, even though multiple values exist for some of the hypothetical control channel transmission parameters (e.g., number of symbols and bandwidth), the relevant setting can be determined by the UE based on the corresponding actual configuration (e.g., the PDCCH bandwidth is always full system bandwidth known to the UE and the number of control symbols is also known to the UE).
· Observation 2: It is impossible to define RLM requirement for all control channel and CORESETs configuration options in NR.

· Observation 3: If multiple values are allowed for some parameters (e.g., number of symbols, bandwidth, numerology, etc.) of the hypothetical PDCCH, it’s not clear how the UE will choose the ones for mapping between the SINR and BLER. On the other hand, defining the same parameter setting for all NR deployments and all UE capabilities will limit RLM functionality even compared to LTE.

· Proposal 1: Unless the UE is explicitly signaled which parameter setting to select (for the hypothetical control channel parameters with multiple options), the UE selects the relevant setting in a pre-defined way, e.g., at least for SSB-based RLM:

· A specific type of the CORESET (e.g., one of the RMSI CORESETs) is assumed when defining hypothetical control channel transmission parameters, Note that RAN1 will define a small number of CORESETs for RMSI. For RLM, RAN4 can choose one of them.

· The number of symbols of the hypothetical control channel is the same as for this CORESET,

· The bandwidth of the hypothetical control channel is the same as this CORESET bandwidth,

· The numerology of the hypothetical control channel is the same as this CORESET numerology,

· The hypothetical control channel is assumed to be monitored within a periodic RMSI PDCCH monitoring window (parameters are FFS in RAN1) associated with the SS/PBCH block.

· Proposal 2: As a baseline, the rules for selecting the relevant non-ambiguous hypothetical setting with CSI-RS can be the same as described above for SS/PBCH block based RLM.

· Proposal 3: Hypothetical DMRS transmit power (e.g., boosting or no boosting) is to be specified.

· Proposal 4: Hypothetical DMRS density is to be specified, based on the CORESET.

· Proposal 5: Specify one common evaluation period for all configured RLM-RS resources.

· Proposal 6: The common evaluation period can be based on the longest periodicity of RLM-RSs in the configured RLM-RS resources.
· Proposal 7: The common evaluation period further depends on the measurement gap pattern when it is configured.
· Proposal 8:

· The IS/OOS indications to higher layers (at least when no gaps are configured) has the same period as the configured RLM-RS with the shortest period,
· The physical layer assesses the link quality for each configured RLM-RS based on all RLM-RS signal instances received during its latest evaluation period.
· Proposal 9: DRX-related transition requirements need to be specified also for NR

· Proposal 10: Specify/clarify requirements applicable when the set of RLM-RS resources or some parameters for an already configured RLM-RS resource change, e.g.:

· During the transition period, the UE has to meet the most relaxed requirements between those associated with the old configuration of RLM-RS resources and the new configuration of RLM-RS resources. The transition period start from the time when the change is applied or the new configuration is received and last for one most relaxed evaluation period or the longest RLM-RS periodicity among the configured old and new RLM-RS resources.

· Proposal 11: Specify hypothetical control channel and DMRS parameters as in Table 1.
4 Annex (RAN1#90bis agreements)
Agreements (CORESET configuration):
· For a CORESET which is configured by UE-specific higher-layer signalling, at least following are configured.

· Frequency-domain resources, which may or may not be contiguous

· Each contiguous part of a CORESET is equal to or more than the size of REG-bundle in frequency

· FFS: exact size and number of contiguous parts for a CORESET

· Starting OFDM symbol

· Time duration

· REG bundle size if the configuration is explicit

· Transmission type (i.e., interleaved or non-interleaved)

· More parameters may be added if agreed

· For a CORESET which is configured by UE-specific higher-layer signalling, at least following is configured.

· Monitoring periodicity

· FFS: it is a configuration per CORESET or per one or a set of PDCCH candidates

· FFS: relation with DRX

· FFS: default/fallback value

Agreements:
· Working assumptions are confirmed with the following details.

· For 1/2/3-symbol CORESET, REG bundle size of 6 is supported.

· A REG bundle size is as part of CORESET configuration for a CORESET configured by UE-specific higher-layer signalling.

· FFS: CORESET(s) configured by non UE-specific signaling.

· UE assumes that precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain

· FFS: gNB can inform to the UE whether or not to assume the same precoder over multiple REG bundles.

· Note: more than one CORESET(s) with the UE-specific higher-layer signaling can be configured for the same UE
Agreements:

· There is an RMSI PDCCH monitoring window associated with an SS/PBCH block, which recurs periodically.

· Each window has duration of x consecutive slot(s).

· FFS: x is e.g., 1/2/4

· FFS: whether x is frequency band dependent

· FFS: whether x is configured in PBCH.

· The period, y, of the monitoring window can be the same as or different from the period of the SS/PBCH block burst set.

· FFS: y is e.g., 10/20/40/80/160 ms

· FFS: whether y is frequency band dependent

· FFS: whether y is configured in PBCH

· FFS: whether y is dependent on RMSI TTI

· FFS: whether there is a dependency between the period of the monitoring window and the period of the SS/PBCH block burst set.

· FFS: whether it is allowed to configure the overlapping monitoring windows associated with different SS/PBCH blocks

· FFS: Monitoring window time offset 

· From RAN1’s perspective, the considered values of the RMSI TTI for down-selection are 80ms and 160ms.

Agreements:

· Confirm the WA: DMRS is evenly distributed within a REG
· DMRS REs are #1, #5, #9
Agreements:

· For slot-based scheduling;

· Confirm the following working assumption with updates:

· The first DMRS position either on symbol #2 or symbol #3 is configured by PBCH

· Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on symbol #2, and is 3 symbols otherwise.

· The starting OFDM symbol of a CORESET can be symbol #0, #1, or #2, in a slot.

· However, the ending OFDM symbol of a CORESET is not later than symbol #2 in a slot.
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