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1. Introduction
This contribution summarizes discussion aspects of NR RRM measurements with updates based on offline discussions that took place on Thursday of the RAN1 #92 meeting week.
The GREY highlighted sections are issues that has been resolved in RAN1 #92.
The BLUE highlights are issues that contain suggested conclusion/proposal.
The YELLOW highlights are issues that require discussion.

2.  Summary of Key Issues for RRM measurements

2.1 Incomplete parameter value for CSI-RS for L3 mobility (RRC impact) [15]
CSI-RS for L3 mobility is configured by a separate set of parameters. Most of the value ranges for these parameters have been agreed. However, the value range for the parameter resourceElementMappingPattern is still FFS in 38.331.
In CSI-MeasConfig IE:
-- A CSI-RS (reference signal) resource which the UE may be configured to measure on (see 38.214, section 5.2.1.3.1)
NZP-CSI-RS-Resource ::=					SEQUENCE {
	nzp-csi-rs-ResourceId					NZP-CSI-RS-ResourceId,
	-- Number of ports (see 38.214, section 5.2.2.3.1)
	nrofPorts								ENUMERATED {p1,p2,p4,p8,p12,p16,p24,p32},
	-- OFDM symbol location(s) in a slot and subcarrier occupancy in a PRB of the CSI-RS resource	
	-- Corresponds to L1 parameter 'CSI-RS-ResourceMapping'  (see 38.214, section 5.2.2.3.1)
	resourceMapping							SEQUENCE {
		-- Frequency domain allocation within a physical resource block in accordance with 38.211, table 7.4.1.5.2-1.
		-- The number of bits that may be set to one depend on the chosen row in that table. 
		frequencyDomainAllocation			CHOICE {
			row1								BIT STRING (SIZE (4)),
			row2								BIT STRING (SIZE (12)),
			row4								BIT STRING (SIZE (3)),
			other								BIT STRING (SIZE (6))
		},
		-- Time domain allocation within a physical resource block. The field indicates the first OFDM symbol in the PRB used for CSI-RS.
		-- Value 2 is supported only when DL-DMRS-typeA-pos equals 3.
		firstOFDMSymbolInTimeDomain			INTEGER (0..13)
	},

In measObjectNR IE
CSI-RS-Resource-Mobility ::=				SEQUENCE {
	csi-rs-ResourceId-RRM					CSI-RS-ResourceId-RRM,
	cellId									PhysicalCellId,
	-- FFS_CHECK whether the following fields are supposed to be per resource (here) or in the resource config (above)
	-- Contains periodicity and slot offset for periodic/semi-persistent CSI-RS (see 38.211, section x.x.x.x)FFS_Ref
	slotConfig								CHOICE {
		ms5										INTEGER (0..4),
		ms10									INTEGER (0..9),
		ms20									INTEGER (0..19),
		ms40									INTEGER (0..39)
	},
	-- Resource Element mapping pattern for CSI-RS (see 38.211, section x.x.x.x) FFS_Ref
	resourceElementMappingPattern			ENUMERATED {ffsTypeAndValue},
	-- Sequence generation parameter for CSI-RS (see 38.211, section x.x.x.x) FFS_Ref
	sequenceGenerationConfig				INTEGER (0..1023),
	-- Frequency domain density for the 1-port CSI-RS for L3 mobility
	-- Corresponds to L1 parameter 'Density' (see FFS_Spec, section FFS_Section)
	density									ENUMERATED {d1,d3}		OPTIONAL,
	...
}

RAN1 #92 Agreement:
· resourceElementMappingPattern of CSI-RS-Resource-Mobility IE is identical to resourceMapping of the NZP-CSI-RS-Resource IE.
· Note: it was already agreed earlier that the value range for resourceElementMappingPattern corresponds to single port only



2.2 RRC Parameter Categorization (RRC Impact) [1][12] 
In LS to RAN2 [16], the commonalities of the following RRM-related RRC parameters are left as FFS and needs to be discussed in RAN1 #92: 
	RRM
	RRM-MeasurementConfig
SMTC-Config
SMTC-Config-Idle
SSB-MeasurementTimingConfiguration
csi-rs-ResourceConfig-Mobility
ReferenceSignalConfig
SS-RSSI-MeasurementConfig
SS-RSSI-MeasurementSlotConfig
SS-RSSI-MeasurementSymbolConfig
	FFS



Based on offline discussion the following is the suggested agreement regarding classification of the RRC parameters:
RAN1 #92 Agreements:
· The RRC classification table for RRM, as shown below:
	RRM
	RRM-MeasurementConfig
SMTC-Config
SMTC-Config-Idle
SSB-MeasurementTimingConfiguration
csi-rs-ResourceConfig-Mobility
ReferenceSignalConfig
SS-RSSI-MeasurementConfig
SS-RSSI-MeasurementSlotConfig
SS-RSSI-MeasurementSymbolConfig
	FFS


is replaced by

	RRC Parameter Name in 38.331 v1.01.1
	RAN1 Parameter Name
	Classification
	Note

	MeasObjectNR
	-
	Per UE
	

	
	SS-RSSI-MeasurementConfig
	Per UE (CONNECTED)

Per Cell (IDLE)
	For IDLE mode UEs, this configuration is delivered through OSI.
For CONNECTED mod UEs, this configured is delivered through RRC.

	
	SS-RSSI-MeasurementSlotConfig
	-
	Sub IE of SS-RSSI-MeasurementConfig

	
	SS-RSSI-MeasurementSymbolConfig
	-
	Sub IE of SS-RSSI-MeasurementConfig


Note: In RAN1 understanding, a UE can be configured with multiple MO.
RAN1 #92 Conclusion:
· The following RRC signalling is missing from the 38.331, even though RAN1 agreements require such signalling.
· subcarrierSpacingSSB (for inter-frequency cell re-selection), useServingCellTimingForSync, and smtc1 of  SSB-ConfigMobility IE  should be also available in SI for IDLE mode UEs. Currently SSB-ConfigMobility IE is contained within the MeasObjectNR IE.
· SS-RSSI-MeasurementConfig parameter is currently missing from the RRC specification 38.331 and should be available in both SI for IDLE mode UEs and dedicated RRC for CONNECTED mode UEs.


2.2a Clarification to RRC Parameter (RRC Impact) 
During offline discussion, it was identified that there are other several ffsValue in the RRC specification, where RAN2 requires RAN1 input.
The following are a list of parameter that may require RAN1 feedback.
associatedSSB                         SEQUENCE {
       -- FFS_Value: Check the value range (0..63)
       ssb-Index                            SSB-Index,
       -- The CSI-RS resource is either QCL’ed not QCL’ed with the associated SSB in spatial parameters
       -- Corresponds to L1 parameter 'QCLed-SSB' (see FFS_Spec, section FFS_Section)
       isQuasiColocated                      BOOLEAN
    }                 OPTIONAL
maxNrofCSI-RS-CellsRRM                 INTEGER ::= ffsValue    96? -- Maximum number of FFS
maxReportConfigId                 INTEGER ::= ffsValue    Not a RAN1 parameter    -- Maximum number of reporting configurations
maxNrofMeasId                         INTEGER ::= ffsValue    Not a RAN1 parameter    -- Maximum number of configured measurements
maxNrofPCIsPerSMTC                    INTEGER ::= ffsValue 64?
maxNrofSSBs                           INTEGER ::= ffsValue Not a RAN1 parameter


    -- Resource Element mapping pattern for CSI-RS (see 38.211, section x.x.x.x) FFS_Ref
resourceElementMappingPattern                                    ENUMERATED {ffsTypeAndValue}

CandidateRS-IndexInfoList ::=   ENUMERATED {ffsTypeAndValue} Unclear what this is???
CellIdentity ::=               ENUMERATED {ffsTypeAndValue} Not a RAN1 parameter

maxNrofSS-BlocksToAverage              INTEGER ::= ffsValue       -- Max number for the (max) number of SS blocks to average to determine cell Not a RAN1 parameter
                                                              -- measurement
maxNrofCSI-RS-ResourcesToAverage       INTEGER ::= ffsValue       -- Max number for the (max) number of CSI-RS to average to determine cell Not a RAN1 parameter
maxNrofCSI-MeasId                     INTEGER ::= ffsValue       -- Maximum number of link configurations MIMO parameter
maxNrofCSI-MeasId-1                   INTEGER ::= ffsValue       -- Maximum number of link configurations minus 1 maxNrofCSI-MeasId MIMO parameter
MeasResultSSTD ::=             ENUMERATED {ffsTypeAndValue} Not a RAN1 parameter

CSI-SSB-Resource ::=						SEQUENCE { Unclear what this is???
	-- FFS: Undefined what the IE CSI-SSB-Resource contains. 
}

RAN #92 Agreements:
	
	Value Range

	ssb-Index
	0, .., 63

	maxNrofCSI-RS-CellsRRM
	96 in case associated-SSB is configured
64 in case associated-SSB is not configured

	MaxNrofPCIsPerSMTC
	64




2.3 Supported Periodicity for CSI-RS for L3 mobility (RRC Impact) [1][2][5] 
In RAN1 2018 Ad-hoc#1, the following was agreed in the MIMO agenda item:
· Introduce additional periodicities of {4,8,16,32,64} slots and the corresponding slot offsets to at least the following periodic/semi-persistent RS:
· CSI-RS (includes ZP-CSI-RS and NZP-CSI-RS)
· SRS
Question was raised during the meeting, on whether the additional periodicity should be applied also to CSI-RS for L3 mobility or not. Some more background and a proposal is given in the following Tdoc, R1-1803277 WF on Additional Periodicities for CSI-RS for Mobility, ZTE, Sanechips, Orange, CMCC.
Continue further discussion on the following proposals:
· Adopt the additional periodicities of {4,8,16,32,64} slots for CSI-RS for L3 mobility.
· Supported by Huawei, HiSilicon
· Adopt the additional periodicities of {4,8,16,32} ms for CSI-RS for L3 mobility.
· Supported by ZTE, Sanechip, Orange, CMCC
· Remove support of 80ms, 160ms for CSI-RS for L3 mobility
· Supported by CATT

RAN1 #92 Agreements:
· Adopt the additional periodicity of 4ms for CSI-RS for L3 mobility


2.4 Frequency offset indication for CSI-RS for L3 mobility (RRC Impact) [14]
	It was noted by a company that when SS/PBCH block subcarrier spacing is smaller than CSI-RS subcarrier spacing, the common-PRB-grid-offset would not be able to provide the granularity to point to reference point A. Therefore, we would need to correct this issue by changing how we indicate the frequency offset to reference point A. 
It is suggested that further offline discussions take place base on following proposals:
· Alt 1) Define the ‘Common-PRB-Grid-offset’ is determined as PRBs and refer to PRB determined by the SS/PBCH block location after floating synch has been resolved
· Fewer bits will be needed for the common-PRB-grid-offset as it only needs to address units of PRBs.
· Alt 2) Explicitly indicate the numerology used for ‘Common-PRB-Grid-offset’.
· Alt 3) Frequency offset indication from NR-ARFCN with explicit indication of the frequency offset subcarrier spacing.
· Currently RAN2’s agreement on Measurement Object is that CSI-RS configuration contains frequency offset from NR-ARFCN.

During it was identified that the agreement regarding relationship between SSB on non-sync raster to cell was vague and required clarification. Additionally, it was identified by Ericsson that the PRB offset for the CSI-RS does not correctly reflect the agreements made in RAN1 #91.

RAN1 A#92 greements:
· For reception of cell defining SSB from the target PCell, frequency offset is not required. NR only supports cell defining SSBs of PCell that are always on the synchronization signal raster.
· For reception of SSB for the target SCell, frequency offset signaling will be required for SSB not on the synchronization signal raster.
· FFS the case of PScell
· Agree to update the value range for starting PRB index of CSI-RS configuration for L3 mobility as follows:
	Measurement-BW
	Allowed measurement BW for CSI-RS
	BW size: {24, 48, 96, 192, 264} PRBs in CSI-RS numerology
Starting PRB index: {0, 1, …, [251][2169](=274*8-24+1)]} PRBs with respect to PRB0 in CSI-RS numerology
	A common set of values are assigned across all the resources configured per cell



Draft LS in R1- 1803354 to respond to LS from RAN2 in R1-1801323, which is endorsed by updating question 3 with the addition of a bullet “FFS the caseof PScell”, with the final LS is in R1-1803379.



2.5 SS-RSSI measurement bandwidth [1][2][9][11][14] 
Wider RSSI measurement bandwidth have been discussed by some companies to aid improvements in measurement accuracy. Whether or not additional measurement bandwidth configuration is needed or not may be related to the RSSI measurement time duration.

Continue further discussion in next meeting on the following proposals:
· No additional measurement bandwidth configuration (other than same measurement BW as currently supported) is needed for SS-RSSI and SS-RSRP measurements.
· Supported by Huawei, HiSilicon
· SS-RSSI measurement BW larger than the SS measurement BW is supported at least under the condition that the UE knows the carrier BW and location
· Supported by ZTE, Sanechip
· The bandwidth for RSSI measurement is configured with the bandwidth of active BWP if the bandwidth of active BWP does not exceeds the system bandwidth of neighbour cells in case of intra-frequency measurement. Otherwise, the bandwidth for RSSI measurement should be same with the bandwidth of RSRP measurement.
· Supported by LGE
· Different measurement BW for SS-RSSI than for SS-RSRP is supported. 
· For intra-frequency measurement, it is up to UE implementation to measure SS-RSSI in wider BW than the SSB BW confined within a carrier BW.
· For inter-frequency measurement, UE should measure SSB wideband for SS-RSSI unless the measurement bandwidth is explicitly configured.
· Supported by NTT Docomo
· SS Block RSSI measurement bandwidth is the CORESET bandwidth configured by PBCH at least for the intra-frequency RSSI measurement. For inter-frequency/RAT measurements UE could use the smallest RMSI CORESET BW e.g. 24 PRB.
· Supported by Nokia, NSB

	

2.6 Addition of E-UTRA RS-SINR [15]
The inter-RAT measurement capabilities E-UTRA RSRP and E-UTRA RSRQ have been included in 38.215. Here, we propose to add one additional measurement capabilities related to E-UTRA to 38.215. In 36.214, the measurement capability RS-SINR is included. RS-SINR is used to estimate the RS quality in the measurement target. The corresponding measurements SS-SINR and CSI-SINR have been included in NR.

RAN1 #92 Agreements:
· Agree on the following text proposal for 38.215
· Note: this (E-UTRA RS-SINR) needs a NEW RRC parameter for a NR UE. It is understood that this parameter is intended for SA case

>>>>>>>>>>>> Start text proposal >>>>>>>>>>>>
[bookmark: _Toc492373185][bookmark: _Toc500871203]2	References
<omitted>
[13]	3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation”
<omitted>
5.1.X E-UTRA RS-SINR
	Definition
	E-UTRA reference signal-signal to noise and interference ratio (E-UTRA RS-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying cell-specific reference signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying cell-specific reference signals within the same frequency bandwidth. 
For E-UTRA RS-SINR determination, the E-UTRA cell-specific reference signals R0 according TS 36.211 [13] shall be used. 
The reference point for the E-UTRA RS-SINR shall be the antenna connector of the UE.
If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding E-UTRA RS-SINR of any of the individual diversity branches. 
If higher-layer signalling indicates certain subframes for performing E-UTRA RS-SINR measurements, then E-UTRA RS-SINR is measured in the indicated subframes.

	Applicable for
	RRC_CONNECTED inter-RAT



>>>>>>>>>>>> End text proposal >>>>>>>>>>>>



2.7 Measurement BW of CSI-RS [1][4][7][13][14] 
For CSI-RS measurement in intra-frequency measurements, it was agreed that UE is expected to perform CSI measurement only within its active DL BWP at the time when the measurement occurs. However, it was pointed out that agreements on CSI-RS measurement bandwidth for inter-frequency measurements isn’t crystal clear, and further refinements of the agreement may be needed depending on whether UE is configured with measurement gap for intra-frequency measurements.
Continue further discussion on the following proposals:
· For inter-frequency measurement, UE is not expected to measure the CSI-RS resources with BW wider than UE maximum DL BW.
· Supported by Huawei, HiSilicon
· For intra-frequency measurement, 
· If measurement gap is not used, UE is not expected to measure the CSI-RS resources outside the overlapped part of its active DL BWP. 
· If measurement gap is used, UE is not expected to measure the CSI-RS resources with BW wider than UE maximum DL BW.
· Supported by Huawei, HiSilicon
· For both intra-frequency and inter-frequency measurements in CSI-RS based RRM, UE is not required to measure CSI-RS resources outside a bandwidth of [24] PRBs
· Supported by Mediatek, Qualcomm
· UE is not required to perform measurement on CSI-RS resources outside active DL BWP.
· UE only measures the overlapped part between the configured CSI-RS resources and its active DL BWP, when a CSI-RS resource has no less than X PRBs inside DL active BWP.
· Supported by Mediatek
· For CSI-RS based RRM, support minimum amount of resources (i.e., the number of RBs as well as density) for CSI-RS in order to meet the measurement accuracy (to be decided in RAN4).
· Supported by Samsung
· CSI-RS RRM measurements are always based on the minimum between the CSI-RS bandwidth and active BWP.
· Supported by Intel
· Measurement bandwidths and the related accuracies are handled by RAN4.
· Supported by Ericsson


Suggested conclusion as feature lead:
· The measurement BW for CSI-RS seems to in the domain of RAN4.
· Therefore, suggested to let RAN4 handle measurement bandwidth of CSI-RS and related accuracies.


2.8 Default SS-RSSI definition [1][2][3][4][5][6][7][8][9][10][11][13][14][15]
The default SS-RSSI definition has not been concluded in RAN1. RAN4 has provide their .recommendation for SS-RSSI in [1]. In RAN1 2018 Ad-hoc #1, chairman suggested to continue discussion based on the following:
· For FDD:
· Accept RAN4 recommended default SS-RSSI measurement time resources
· FFS: whether or not the UE is required to measure all SS-RSSI measurement time resources.
· For TDD
· FFS: whether or not the UE is required to measure all SS-RSSI measurement time resources.
· Down-select from the following alternatives:
· Alt 1: a subset of OFDM symbol of the slots that contain detected SSB.
· The subset of OFDM symbols are: 
· Option 1) first 12 OFDM symbols
· Option 2) first 5 OFDM symbol in the half slot that SSB was detected
· Option 3) all OFDM symbols before a detected SSB in each half slot that contains the detected SSB
· Option 4) 2 OFDM symbols
· Option 5) First 1 OFDM symbol  for Case A & B, first 2 symbol for Case C & D, first 4 symbol for Case E (case A,B,C,D,E are SS/PBCH patterns for different bands)
· Option 6) All symbols excluding the OFDM symbol corresponding to the detected SSB
· Alt 2: a set of OFDM symbols relative to the detected SSB
· Alt 3: RAN4 recommendation
· Alt 4: RAN4 recommendation with the exclusion of resources where slots that do not carry detected SSB

Dow-select from the following proposals:
· Proposal 1) For FDD/TDD RAN4 recommendation for default SS-RSSI measurement definition.
· Supported by Huawei, HiSilicon, Intel, NTT Docomo
· No objection from the following companies:
· Nokia, Spreadtrum, LGE, Vivo, Mediatek, CATT
· Objected by OPPO
· If uplink symbols are used during the measurement, there would be measurement bias issue.
· The measurement of the SSB resources may not correctly reflect interference load.

· Proposal 2)
· For FDD, RAN4 recommendation for default measurements. If the configured SMTC window length in the system information is larger than Xms, the 1st X ms within the SMTC window can be used for RSSI measurement.
· Supported by OPPO (only for FDD case)
· Not objected by CATT
· Objected by:
· Huawei, Intel, Mediatek, NTT Docomo (UE already had the freedom to select the resources as long as RAN4 accuracy requirement is met and therefore does not see value in additional restriction in specification)
· For TDD, all OFDM symbols before a detected SSB in each half slot that contains the detected SSB
· Supported by ZTE, Sanechip,OPPO
· Objected by: Huawei, Intel, Mediatek, NTT Docomo
· UE already had the freedom to select the resources as long as RAN4 accuracy requirement is met and therefore does not see value in additional restriction in specification
· The symbol prior to SSB are most likely control and therefore does not correctly reflect load
· This requires detection of slot and OFDM symbol boundary for the default RSSI measurement

· Proposal 3) For FDD and TDD, first 2 symbols of a slot(s) where SS block is detected
· Supported by Mediatek, Ericsson 
· Object by: Huawei, Intel, OPPO
· The symbol prior to SSB are most likely control and therefore does not correctly reflect load.
· The first two symbol may be uplink symbols.

	RAN4 recommendation for SS-RSSI:

· RSSI in SSB based RSRQ
RSSI comprises the linear average of the total received power (in [W]) observed over time duration TRSSI, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. The time duration, TRSSI, is defined as follows:

TRSSI=  Configured SMTC measurement window (if gap is not used)
TRSSI=  Overlapped time span between configured SMTC measurement window and minimum measurement time within measurement gap (if gap is used)




Continue further discussion in next meeting on the following proposals:
· Clarify that the configured RSSI time-domain measurement resource of target cell is based on the associated STMC window configuration for intra-frequency measurement. (ZTE, Sanechip)

RAN1 #92 Conclusion:
· It is RAN1 understanding that the selection of resources within the RSSI measurement window to obtain the RSSI measurement is up to UE implementation. UE is expected to meet the RAN4 RSSI requirements.

RAN1 #92 Agreements:
· For FDD/TDD, adopt RAN4 recommendation for default SS-RSSI measurement definition.




2.9 Associated SSB configuration for L3 mobility CSI-RS [1][5][10][13]
In RAN1 2018 Ad-hoc#1, there were debates on how to interpret the agreements made regarding associated SSB configuration. Therefore, it was FFS whether CSI-RS resources associated with and without SSB be configured in the same frequency layer. Furthermore, if CSI-RS resources associated with and without SS/PBCH block can be configured in the same frequency layer, it was questioned what is the maximum number of CSI-RS resources that could be configured per frequency layer for a UE.

Continue further discussion in next meeting on the following proposals:
· CSI-RS resources associated with and without SS/PBCH block can be configured in the same frequency layer.  
· Maximum number of M=96 CSI-RS resources per associated SS/PBCH block can be configured per frequency layer
· Supported by Huawei, HiSilicon, Ericsson, Nokia
· Associated-SSB parameter is configured for all CSI-RS resources in a frequency layer, if configured. Otherwise, associated-SSB parameter should not be configured for all CSI-RS resource in a frequency layer.
· Supported by Intel, Qualcomm, MediaTek
· For intra-frequency measurements, associated SSB may or may not be configured for CSI-RS resources.
· No spec impact
· Supported by CATT
· Define the UE behaviour related to associated SSB configuration in RAN1 specification
· Supported by Intel
· If NR supports the mixed configuration of CSI-RS resources with associated SSB and CSI-RS resources without associated SSB in the same frequency layer, the values of N1 and N2 should be revisited.
· Supported by Qualcomm

Continue further discussion in next meeting whether to capture the behavior and related restriction on maximum CSI-RS resources in RAN1 specification, including which specification should be captured (e.g. 38.214 or 38.215).
· The following text proposal can be used as a reference for discussion.

================ Start of Text Proposal for TS38.214 or 38.215 ===============
The higher layer parameter associated-SSB configures the index of associated SS/PBCH block for a CSI-RS resource. The associated SS/PBCH block and CSI-RS resource are from cell indicated by the high layer parameter cellId.
For a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, UE is not required to monitor the corresponding CSI-RS resource(s). Additionally, if the associated SS/PBCH block is configured, the higher layer parameter qcled-SSB further indicates whether or not the associated SS/PBCH block and the CSI-RS resource(s) are quasi co-located with the associated SS/PBCH block with respect to [spatial RX parameters]. UE may base the timing of the CSI-RS resource(s) to the timing of the cell, given by the higher layer parameter cellId.
For a given CSI-RS resource, if the associated-SSB is not configured, UE shall base the timing of the CSI-RS resource(s) to the timing of the serving cell.
================ End of Text Proposal ===============




2.10 C-DRX and CSI-RS for L3 mobility [1][2][3][7][9][10][11][14][15]
In RAN1 #90, two issues, whether CSI-RS for L3 mobility is configured only within C-DRX UE’s active time for C-DRX operation and whether UE should not assume that configured CSI-RS resources for L3 mobility are present outside the active time, were left FFS. In RAN1 #91, two alternative were identified. However, there were questions on the exact specification impact for different alternatives.

Continue further discussion in next meeting on the following proposals:
· No additional clarification of the specification is needed
· Supported by Samsung, Intel
· Alt 1: 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.
· Supported by Intel, Vivo, LGE
· Alt 2: 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. C-DRX UE should not assume the configured CSI-RS resources for L3 mobility are present outside the active time and CSI-RS for L3 mobility is configured only within C-DRX UE’s active time.
· Supported by Huawei, HiSilicon, ZTE, NTT Docomo, Nokia, NSB, Ericsson
· CSI-RS resource configuration is under network control and can be configured independently of C-DRX (Nokia, NSB)


2.11 Rate-Matching behavior during intra-frequency measurements [1][9][11][15] 
When the UE is configured with a measurement gap, UE is not expected to received PDCCH and PDSCH during the gap period. However, when the UE is not configured with a measurement gap and expected to perform intra-frequency measurements, further clarification of UE behavior may be needed.
In RAN4 2018 Ad-hoc #1 (last meeting), the following was agreed:
	Within a SMTC window which is not overlapped with measurement gap in non-CA case:
· In FR1 intra-frequency SS-RSRP/RSRQ/SINR measurement:
· For UE not supporting mixed numerology scenarios, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, [1] symbol before each consecutive SSB symbols and [1] symbol after each consecutive SSB symbols within SMTC window duration if useServingCellTimingForSync is enabled
· For UE not supporting mixed numerology scenarios, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on all symbols within SMTC window duration if useServingCellTimingForSync is not enabled
· In FR2 intra-frequency SS-RSRP/SINR measurement:
· UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, X symbol(s) before each consecutive SSB symbols and X symbol(s) after each consecutive SSB symbols within SMTC window duration (assuming that  useServingCellTimingForSync is always enabled for FR2)
· In FR2 intra-frequency SS-RSRQ measurement:
· UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured , RSSI measurement symbols, X symbol(s) before each consecutive SSB/RSSI symbols and X symbol(s) after each consecutive SSB/RSSI symbols within SMTC window duration (assuming that  useServingCellTimingForSync is always enabled for FR2)
· Note: whether or not to define specific behavior for rate matching around above symbols is up to RAN1
· Note: RAN4 needs to check if cell synchronization accuracy complies with cell phase synchronization requirement in TS 38.133 when useServingCellTimingForSync is enabled
· Regarding the value of “X”,
· Option 1: X = [1]
· Option 2: Companies are encouraged to investigate the value of X. If it is identified that X needs to be large value e.g., more than 4, following alternative solutions should be considered
· SMTC-based solution, i.e., all symbols within SMTC window are not available for data transmission/reception
· SSB-slot-based solution, i.e., all symbols within slot(s) containing SSB are not available for data transmission/reception

Within a SMTC window which is not overlapped with measurement gap in CA case:
· In FR1 intra-frequency SS-RSRP/RSRQ/SINR measurement for intra-band CA without UE capability on simultaneous reception of SSB and data with mixed numerologies,
· in each serving cell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, [1] symbol(s) before each consecutive SSB symbols and [1] symbol(s) after each consecutive SSB symbols for any one of intra-frequency measurements if the SSB to be measured has different SCS from that for serving cell data and useServingCellTimingForSync is enabled
· in each serving cell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on all symbols within SMTC window duration for any one of intra-frequency measurements if the SSB to be measured has different SCS from that for serving cell data and useServingCellTimingForSync is not enabled
· In FR2 intra-frequency SS-RSRP/SINR measurement for intra-band CA,
· in each serving cell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, X symbol(s) before each consecutive SSB symbols and X symbol(s) after each consecutive SSB symbols for any one of intra-frequency measurements
· In FR2 intra-frequency SS-RSRQ measurement for intra-band CA,
· in each serving cell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured , RSSI measurement symbols, X symbol(s) before each consecutive SSB/RSSI symbols and X symbol(s) after each consecutive SSB/RSSI symbols within SMTC window duration for any one of intra-frequency measurements (assuming that  useServingCellTimingForSync is always enabled for FR2)

NR supports to configure enabling/disabling intra-frequency measurement on each NR SCell frequency layer
· When there is at least one serving cell with intra-frequency measurement within serving cells for intra-band CA, disabling intra-frequency measurement on other serving cell(s) is possible
· FFS: whether additional condition(s) for disabling intra-frequency measurement on NR Scell is/are defined or not
· Detailed signaling design is up to RAN2





Continue further discussion in next meeting on the following proposals:
· Rate-matching behavior depending on network synchronization (Huawei, HiSilicon)
· If useServingCellTimingForSync is not enabled:
· When operating band is in FR1, UE is not expected to receive PDCCH/PDSCH on the REs that can carry SS/PBCH block on any of the symbols within SMTC window. REs that can carry a SS/PBCH block are determined using Table 5.4.3.1-1 and Table 5.4.3.3-1 in [7].
· When operating band is in FR2, UE is not expected to receive PDCCH/PDSCH on any of the symbols within SMTC window.
· If useServingCellTimingForSync is enabled:
· When operating band is in FR1 or operating band is in FR2 but DMRS of PDCCH/PDSCH is spatially QCLed with SS/PBCH block, UE is not expected to receive PDCCH/PDSCH on SS/PBCH REs.
· When operating band is in FR2 and DMRS of PDCCH/PDSCH is not spatially QCLed with SS/PBCH block, UE is not expected to receive PDCCH/PDSCH on
· SS/PBCH symbols if SS-SINR/SS-RSRP is measured.
· SS-RSSI OFDM measurement symbols if SS-RSRQ is measured.
· RAN1 does not define specific rate matching behavior around SSBs for measurement (NTT Docomo)
· By default, the UE should perform rate-matching around the REs where the SSB is transmitted. Introduce an RRC parameter which states if the UE should rate-match around the SSB resource elements or the SSB OFDM symbols. (Ericsson)


2.12 Rx beam selection for RRM measurement [1][14] 
There have some proposals on further clarifying Rx beam selection during RRM measurements. Further discussions on necessity of further refinements of Rx beam selection for RRM measurements is needed. If determined to be necessary, then the required refinements of the Rx beam selection needs to be also discussed.
Continue further discussion in next meeting on the following proposals:
· No further refinement of Rx beam selection for RRM measurement necessary
· Supported by Huawei, HiSilicon
· The beams in a set of Rx beams selected for RRM measurement on a carrier should have similar maximum Rx beamforming gain
· Supported by ZTE, Sanechip
· Measurement to be reported is the best among the measurements based on each RX beam in the selected set.
· Supported by Nokia, NSB



2.13 CSI-RS for L3 mobility and SS/PBCH block collision [1][4][7] 
A company raised concerns of supporting CSI-RS configuration in the same OFDM symbol as SS/PBCH blocks and its applicability. In RAN1 2018 Ad-hoc #1, the following was agreed in the MIMO agenda item:
· The UE may be configured to use the same OFDM symbols for the CSI-RS and SSB/PBCH when those are spatially quasi co-located and PRBs associated with CSI-RS are the outside of PRBs configured for SSB/PBCH.

The initial access agenda may need to discuss whether agreement above would also apply to CSI-RS for L3 mobility or not. If not applicable would need to define multiplexing rules for CSI-RS for L3 mobility.
Continue further discussion on the following proposals:
·  The UE may be configured to use the same OFDM symbols for the CSI-RS for L3 mobility and SSB/PBCH when those are spatially quasi co-located and PRBs associated with CSI-RS are the outside of PRBs configured for SSB/PBCH.
· Supported by Huawei, HiSilicon
· Avoid to configuring CSI-RS which will be punctured by SS/PBCH block
· Supported by Mediatek
· For collision handling between CSI-RS for L3 mobility and SS/PBCH block, the following clarification (already agreed in MIMO session) is applied as well. The bandwidths of CSI-RS and CORESET/SSB shall be configured exclusively (i.e. no assumptions on CSI-RS RE puncturing at UE side)
· Supported by Samsung

Suggested conclusion as feature lead:
· Given the agreement on CSI-RS collision handling in the MIMO session in RAN1 2018 Adhoc#1 (see below), it seem no additional collision handling seems to be required.
· Suggested to conclude this issue.

	RAN1 2018 Adhoc #1 Agreements:

Agreement:
The following text proposal is agreed for Section 5.2.2.3.1 of 38.214
[bookmark: _Hlk497309579]The UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block, but not in the same resource elements PRBs.
The UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block, but not in the same resource elements PRBs, if the higher layer parameter NrofPorts is configured as 1 or 2.

Agreement:
The following text proposal is agreed for Section 5.1.6.1.2 of 38.214:
The UE may be configured to use the same OFDM symbols for the CSI-RS and SSB/PBCH when those are spatially quasi co-located and resource elements PRBs associated with CSI-RS are the outside of PRBs configured for SSB/PBCH.

Agreement:
The following text proposal is agreed for Section 5.2.2.3.1 of 38.214:
The UE may be configured the CSI-RS in same OFDM symbols as CORESET, but not in the same resource elements PRBs.
The following text proposal is agreed for Section 5.1.6.1.2 of 38.214:
The UE may be configured to use the same OFDM symbols for the CSI-RS and CORESET when those are spatially quasi co-located and resource elements PRBs associated with CSI-RS are the outside of PRBs configured for CORESET.

Agreement:
· For multiplexing between CSI-RS and CORESET, follow the current description in TS38.214 and remove the corresponding parts from TS38.211, which means that the bandwidths of CSI-RS and CORESET/SSB shall be configured exclusively (i.e. no assumptions on CSI-RS RE puncturing at UE side).
Text proposal: in Section 7.4.1.5.3 of  TS38.211
7.4.1.5.3	Mapping to physical resources

For each CSI-RS component configured, the UE shall assume the sequence  being mapped to physical resources according to 


Resource elements overlapping with a configured CORESET or declared as 'reserved' according to clause 4.4.3 shall be counted in the mapping process but not assumed to be used for transmission of CSI-RS.

Agreement:
· By default, UE does not perform rate matching on REs overlapped with at least CSI-RS for mobility, which is not configured with serving cell ID
· UE shall perform rate matching on REs overlapped with a CSI-RS for mobility only if ZP-CSI-RS covers the REs overlapped with the CSI-RS for mobility.
· FFS, rate matching on REs overlapped with CSI-RS for mobility configured with serving cell ID
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