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1. Introduction
This contribution summarizes the key issues, alternatives and proposals for NR RRM, based on the companies’ contributions submitted to RAN1#90b. The main issues to be discussed in this meeting include the following aspects:
· Terminologies for SSB based RRM measurements
· Remaining details on RSRQ/RS-SINR
· CSI-RSRQ definition
· SS-RSRQ definition
· Timing domain mapping of RSSI measurement resource for SSB based mobility
· Timing domain mapping of RSSI measurement resource for CSI-RS based mobility
· RS-SINR definitions
· Remaining details on SSB based mobility
· Number of SMTC configurations for inter-frequency measurement in CONNECTED
· Intra-frequency SMTC configuration details
· Measurements with and without intra-frequency measurement gap (in relation to the RAN4 LS)
· Additional candidate values for SMTC window duration
· SMTC window offset values
· SSB to PBCH DMRS EPRE ratio
· Remaining details on RSRP … Rx beam related aspects
· Remaining details on CSI-RS based mobility
· CSI-RS pattern that can be used for L3 mobility
· CSI-RS measurement timing configuration (CMTC)
· CSI-RS configuration details
· CSI-RS timing
· Number of resources for L3 mobility RS
· C-DRX UE’s assumption on CSI-RS reception
2. Terminologies for SSB based RRM Measurement Quantities
In the draft version of TS38.215 v1.0.1, there is a comment regarding the naming for the SSB based RRM measurement quantities. If it is ok to abbreviate “secondary synchronization signals” by “SS”, it looks natural to define the names of the quantities as in the following. 
Offline agreement: 
Keep the terminologies as in TS38.215 for the following measurement quantities:
· SS-RSRP
· SS-RSRQ
3. Remaining Details on RSRQ/RS-SINR
1 
2 
3 
CSI-RSRQ definitions
Formal definition has not yet been agreed. It is proposed to take a simple extension of the LTE RSRQ definition for NR RSRQ, as in the following. These definitions were proposed in tdocs by Intel, Huawei, Ericsson. 
Offline agreements:
· CSI reference signal received quality (CSI-RSRQ) is defined as the ratio (N×CSI-RSRP)/ CSI-RSSI, where N is the number of resource blocks in the CSI-RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.
· FFS: Additional support of the following. The measurements in the numerator and denominator can be made over potentially different sets of resource blocks. In other words, the CSI-RSSI measurement BW can be differently configured from the CSI-RS measurement BW.
SS-RSRQ definitions
Proposal:
· Secondary synchronization signal reference signal received quality (SS-RSRQ) is defined as the ratio N×(SS block RSRP)/(NR carrier RSSI), where N is the number of RB’s of the NR carrier RSSI measurement bandwidth. 
· Alt 1: The measurements in the numerator and denominator shall be made over the same set of resource blocks.
· Alt 2: The measurements in the numerator and denominator can be made over potentially different sets of resource blocks. In other words, the SS-RSSI measurement BW can be differently configured from the SS measurement BW.
Time-domain mapping of RSSI measurement resource for SSRQ
General framework for mapping the RSSI measurement resources in the time domain seems to be agreeable. These definitions were mentioned in tdocs by Intel, Huawei. 
Proposals:
· SS received signal strength indicator (SS-RSSI), comprises the linear average of the total received power (in [W]) observed in OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 
· Measurement time resource(s) are confined within SMTC window duration(s).

Relevant agreements in RAN1#NR-AH3 are captured below. 
Agreements in RAN1#NR-AH3:
· Study further between the two alternatives on the type of the RSSI measurement resource in time domain: 
· Alt 1: RSSI is measured within the resource without considering whether the resource is DL or UL or both
· Alt 2: RSSI is measured only within the DL part
· Note: UE at least knows that the OFDM symbols corresponding to the SS block locations indicated in the RMSI is for DL
· Note: Identification of the DL part of a slot of a serving/selected cell for the RSRQ measurement purpose, if necessary, will follow the decisions from the control sessions
· Study further among the following alternatives on the configurability of the RSSI measurement resource in time domain: 
· Alt a: The resource is predefined in the spec
· Alt b: The resource is explicitly configured in the SI for IDLE mode measurements and in the RRC signaling for CONNECTED mode measurements
· Alt c: UE detects RSSI measurement resource
· Alt d: The resource is implicitly derived by other parameters in SI, e.g., the actually transmitted SS blocks indicated in RMSI
· To down select, consider applicability of these alternatives for inter & intra frequency measurements, IDLE & CONNECTED mode and initial cell selection

In addition, RAN4 LS R1-1716962, provided the following information. It is recommended to discuss possible impacts of the RAN4 decision for the RSSI time-domain mapping and other aspects, e.g., if and how to allow Rx beam sweeping for RRM measurement when measurement gap is not configured. 
RAN4 would like to further inform that the inter-frequency measurement requirements shall be defined using measurement gaps. However intra-frequency measurement requirements shall be defined using without measurement gaps and also with measurement gaps.
To RAN WG1: RAN WG4 respectfully asks RAN WG1 to take into account the above mentioned information and recommendation when defining RSSI part of the SSB based RSRQ and RSSI part of the CSI-RS based RSRQ.

More discussions are needed to determine the details of the time domain resource to use for RSSI measurement. For the discussion, it seems necessary to firstly define “measurement time resources.”

Proposals:
· Necessity of UE identification of the “DL part” … to down-select from:
· Alt 1: UE performs measurement in all the OFDM symbols in the measurement time resource(s) … supported by ZTE, [Intel], Samsung, MediaTek, Qualcomm, Ericsson
· Alt 2: UE identifies the “DL part” from the measurement time resource(s) for the RSSI measurement, and performs measurement on the “DL part” only … supported by Huawei, CATT, CMCC, LGE, AT&T, [Intel]
Proposals:
· If a decision can be made on the above down-selection, move on to the details of the time domain resource during this meeting.
Time-domain mapping of RSSI measurement resource for CSI-RSRQ
General framework for mapping the RSSI measurement resources in the time domain seems to be agreeable. These definitions were proposed in tdocs by Intel, Ericsson. 
Proposal:
· CSI received Signal Strength Indicator (CSI-RSSI), comprises the linear average of the total received power (in [W]) observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.
The following proposal is supported by Intel, Samsung, DOCOMO, Nokia, Ericsson

Proposal
· CSI-RSSI is measured only from OFDM symbols containing CSI-RS configured to support L3 mobility.
RS-SINR definitions
IMR for SS-SINR
· Alt 1: ZP-CSI-RS … Samsung, LGE (for further optimization)
· Alt 2: PBCH DMRS … CMCC
· Alt 3: SSS … LGE (by default), Ericsson
IMR for CSI-RS-SINR
· Alt 1: CSI-RS REs used for the channel measurement … ZTE, LGE (by default), Nokia, Ericsson
· Alt 2: CSI-IM resources defined in the MIMO session (ZP-CSI-RS & NZP-CSI-RS ??) … Intel
· Alt 3: interference is measured on the same OFDM symbol for which corresponding CSI-RS is mapped … Samsung, DOCOMO
· Alt 4: ZP-CSI-RS … LGE (for further optimization)
5. Remaining Details on SSB based Mobility
In RAN1#NR-AH2, the following was agreed:
· Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,
· For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured
· UE can be informed of which cell(s) is associated with which measurement window periodicity
· For cell(s) that is not listed, longer measurement window periodicity is used
· Single measurement window offset and duration are configured per frequency carrier
· For IDLE mode measurements, only single SMTC is configured per frequency carrier
· For inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier
· RAN1 asks RAN4 if there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers

4 
5 
Number of SMTC configurations for inter-frequency measurement in CONNECTED:
Proposals:
· Discuss further on the number of SMTC configurations for inter-frequency measurement in CONNECTED to decide one alt from the following:
· Alt 1: One SMTC configuration per frequency carrier 
· Alt 2: One SMTC configuration for sub6GHz band; and another for over6GHz band
· Alt 3: One SMTC configuration across all the configured frequency carriers
Remaining details on SMTC configuration
Intra-frequency SMTC configuration details
In the current version of RRC parameter excel sheet, SMTC parameters are defined in more details than the currently available agreement (as shown below). 
	SMTC-Config-Intra-Connected
	SS/PBCH block measurement timing configuration, including SSB periodicity/offset and SSB duration
	{SMTC-Config, SMTC-Config-Connected-PCI}
	 
	UE-specific
	38.331
	Additional SMTC configuration applicable for intra-frequency measurements in connected mode, the other applicable SMTC configuration is the one configured for IDLE mode intra frequency

	SMTC-Config-Idle
	SS/PBCH block measurement timing configuration, including SSB periodicity/offset and SSB duration
	{SMTC-Config}
	 
	Cell specific
	38.331
	SMTC configuration applicable for idle mode and one of the two SMTC configurations for intra-frequency measurements in connected mode. A seperate configuration is provided per frequency it applies to



It is proposed to agree the parameter details as listed in the RRC parameter excel sheet. 
Proposals: 
· The SMTC configuration provided for IDLE mode per carrier frequency should correspond to one of the two SMTC configurations for the CONNECTED mode for the same carrier frequency. 
· One SMTC is configured by SIBx, and used as IDLE mode SMTC and also as one of the two CONNECTED mode SMTCs agreed in RAN1#NR-AH2.
· The additional SMTC for the CONNECTED mode is configured by RRC.
Measurements with and without intra-frequency measurement gap (in relation to the RAN4 LS)
· If and how to allow Rx beam sweeping for RRM measurement when intra-frequency measurement gap is not configured
· If measurement gap is configured for intra-cell mobility, the whole SMTC window is not available for the data reception


· When measurement gap is not configured for intra-cell mobility, UE should be able to receive data during the SMTC duration. Two options can be considered as below. 


 
Additional candidate values for SMTC window duration
· {2,3,4} ms should be added: CATT, Samsung, DOCOMO
· 0.5 ms should be added: DOCOMO
· [2.5] ms for 15 and 30kHz; 2.5 ms for 120 and 240kHz: Nokia
· 14 more values between [0, 5] ms: Ericsson
Proposals:
· X more values uniformly partitioning [0,5] ms interval are added to the candidate values for the SMTC window duration
· Decide among X = 1, 3 or 14, after offline discussions. 
SMTC window offset values
· {0,1,2,3} ms for 15kHz and 30kHz, {0, 1.25, 2.5, 3.75} ms for 120 and 240kHz … Nokia
· 4 values between [-2.5 ms and 2.5 ms] … Ericsson
Proposals:
· Y candidate values are supported for SMTC offset. Make a decision with taking the following two options as a starting point:
· Option 1: {0,1,2,3} ms for 15kHz and 30kHz, {0, 1.25, 2.5, 3.75} ms for 120 and 240kHz
· Option 2: 4 values between [-2.5 ms and 2.5 ms]
SSB to PBCH DMRS EPRE ratio
· Alt 1: 0 dB … ZTE, LGE
· Alt 2: 3 dB … Samsung
6. Remaining Details on RSRP
6 
Rx beam related aspects
	Agreements in RAN1#NR-AH3:
· For a SS-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement
· For a CSI-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement
· It is up to UE implementation how to select a set of RX beams to perform RRM measurement on a carrier
· Different sets of RX beams can be used in measurements based on different measurement objects
· Same set of RX beams shall be used in measurement of each TX beam based on a measurement object
· FFS
· Alt.1: Measurement to be reported shall be greater than average of measurements based on each RX beam in the selected set
· Alt.2: Measurement to be reported shall be the best among measurements based on each RX beam in the selected set
· Other alternatives are not precluded



Proposal:
Discuss further on the following FFS:
· Same set of RX beams shall be used in measurement of each TX beam based on a measurement object
· FFS
· Alt.1: Measurement to be reported shall be greater than average of measurements based on each RX beam in the selected set … supported by Qualcomm
· Alt.2: Measurement to be reported shall be the best among measurements based on each RX beam in the selected set … supported by ZTE, CATT, Nokia

Companies’ proposals:
· Intel: add the following description to RSRP definition:
· If the receiver beamforming is in use by the UE, RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.
· If receiver diversity is in use by the UE, the reported RSRP value shall not be lower than the corresponding RSRP of any of the individual receiver branches.
· ZTE:
· The beams in a set of Rx beams selected for RRM measurement on a carrier should have similar maximum Rx beamforming gain.
· Measurement to be reported to higher layers shall be the best among measurements based on each RX beam in the selected set (Alt.2).
· CATT: UE should report the best measurement among all measurements obtained from the selected set of RX beams. (Alt 2)
· Qualcomm:
· When multiple UE Rx beams are used for measurements on a single receive diversity branch, the measurement to be reported shall not be less than average (linear domain) of measurements based on each RX beam in the UE selected beam-set.
· When multiple receiver branches are used in the measurement the reported value shall not be lower than the corresponding measurement of any of the individual branches. (Alt 1)
· Nokia: Support alternative 2: measurement to be reported is the best among the measurements based on each RX beam in the selected set.
7. Remaining Details on CSI-RS based Mobility
7 
CSI-RS pattern that can be used for L3 mobility
The following proposal seems to be agreeable. It is proposed by: Intel, DOCOMO, MediaTek, Ericsson 
Proposal:
· Single-port CSI-RS resources designed for BM can be configured to be used for L3 mobility 
The following was proposed by DOCOMO.
Proposal:
· CSI-RS for L3 mobility is separately configured from that for BM
CSI-RS measurement timing configuration 
Proposal:
· CSI-RS based measurement timing configuration (CMTC) for L3 mobility can be configured in terms of slot offset, periodicity and duration.
· The slot offset definition needs to be down-selected from the following:
· Alt 1: Slot offset relative to the frame boundary
· Alt 2: Slot offset relative to the half-frame boundary
· Alt 3: Slot offset relative to the associated SSB
· Note: By implementation, CMTC may include slots with SSBs for timing/QCL reference
Companies’ proposals:
· DOCOMO: Regarding the CSI-RS based RRM measurement timing configuration (CMTC), only single measurement timing configuration is configured per frequency carrier for intra-frequency measurement and inter-frequency measurement.
· NR supports {0.5, 1, 2, 3, 4, 5} ms as candidate values for CMTC window duration.
· Samsung: A CSI-RS measurement timing configuration (CMTC) is defined, comprising a periodicity and an offset that shall be used for determining timing of both L3 mobility CSI-RS and SS burst sets. A CMTC is configured for each CSI-RS resource group.
CSI-RS Configuration Details
Individual parameter classification:
· Parameter set 1: Parameters have carrier specific values
· Measurement window duration and measurement bandwidth
· Measurement window periodicity and slot offset
· [Numerology]
· Parameter set 2: Parameters have resource-group specific (e.g., cell-specific) values
· PCID
· [Numerology]
· Number of ports per CSI-RS resource
· [CSI-RS density]
· [Number of CSI-RS resources]
· Parameter set 3: Parameters have resource specific values
· resource config (i.e., RE mapping configuration according to the beam management CSI-RS), scrambling ID
CSI-RS timing
Periodicity:
· CATT: CSI-RS (RRM) periodicity can be configurable in the same range as SS burst set, i.e., {5, 10, 20, 40, 80, 160} ms.
· LGE: {5ms, 10ms, 20ms, 40ms} can be configured for the periodicity of CSI-RS, and {80ms, 160ms} is not supported for mobility measurement based on CSI-RS.
· DOCOMO: NR supports the additional periodicity of {80, 160} ms for CSI-RS based RRM measurement.
Proposal:
· Discuss further if {80,160} ms periodicity can be added for the mobility CSI-RS.

Number of resources for L3 mobility CSI-RS
· LGE: For mitigation of UE complexity, the maximum number of CSI-RS resources per cell is limited to [64].
· DOCOMO: NR supports to configure more than 96 CSI-RS resources for CSI-RS based RRM measurement on a carrier.
· The maximum number of CSI-RS resources for configuration should consider the maximum number of CSI-RS resources within a RB/slot and the maximum number of RBs/slots within measurement window duration.
· MediaTek: The number of CSI-RS resources to be measured by UE depends on UE capability
· AT&T: The maximum number of CSI-RS resources in total for L3 mobility that can be configured to a UE is the same as for beam management.
· Ericsson: When configured, the UE should be able to detect [1000] CSI-RS resources for L3 mobility. 
· Intel: To have some limits on measurement complexity, there should be a maximum number of CSI-RS resources configured to be monitored per cell in addition to maximum number of CSI-RS resources configured to be monitored. Exact value is FFS.
C-DRX UE’s assumption on CSI-RS reception
Huawei: 
· UE configured with C-DRX should not assume that configured CSI-RS resources for L3 mobility are transmitted outside the active time. Network is not required to transmit the configured CSI-RS resources for L3 mobility that occur outside the active time of UE configured with C-DRX.
LGE:
· UE assumes that the periodicity of CSI-RS resources before entering C-DRX mode is kept during C-DRX mode, and it is up to UE implementation that UE measures CSI-RS resources of neighbour cell even outside active time.
Nokia:
· SS block based mobility measurement requirements with C-DRX need to consider SS burst set duration and periodicity, together with UE side RX beam sweeping.
· CSI-RS resource configuration is under under network control and can be configured independently of C-DRX.
· UE should not assume that configured CSI-RS resources for L3 mobility are present outside the active time.
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