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1. Introduction
This contribution summarizes discussion aspects of NR RRM measurements based on submitted contribution for RAN1 #93.
The GREY highlighted sections are issues that has been resolved.
The BLUE highlights are issues that contain suggested conclusion/proposal.
The YELLOW highlights are issues that require discussion.

2.  Summary of Key Issues

2.1 useServingCellTimingForSync Parameter [1][2][6][7][13]
Clarification on the usage of the useServingCellTimingForSync parameter is required. In case UE is configured with multiple serving cells, it wasn’t clear which serving cell the parameter is indication for. Furthermore, the operation of the parameter in case of inter-frequency measurements may required 

Continue further discussion on the following observations/proposals:
· If useServingCellTimingForSync = TRUE, all SCells in a cell group are synchronized with the SpCell of the same cell group and SSB index of the SCells in the cell group can be derived from the frame timing of the corresponding SpCell.
· Supported by Huawei, HiSilicon
· UE can’t assume the cells on the carrier are synchronized perfectly unless the exact requirement is defined by RAN4 when useServingCellTimingForSync is set as true.
· Supported by ZTE, Sanechip
· There are cases where useServingCellTimingForSync is set to false when performing measurements on a target TDD system. For synchronized TDD-unicast areas, SFN alignment is possible.
· Supported by Ericsson
· UE shall expect useServingCellTimingForSync to be enabled in measurement object for all TDD bands.
· Supported by Intel
· In case useServingCellTimingForSync is enabled and UE is not configured with a serving cell in the same band as cells to be measured, down-select between the two options:
· Option 1) UE may assume all target cells in the same band are synchronized.
· Option 2) UE may derive the SSB index of the target cells for measurement configured in MO by using the timing of NR PCell or PSCell.
· Supported by Intel
· UE behavior when IE ‘useServingCellTimingForSync’ in ‘measObjectNR’ is enabled for inter-frequency measurement should be clarified as below.
· When IE ‘useServingCellTimingForSync’ in ‘measObjectNR’ is enabled for inter-frequency measurement, UE assumes that all neighbor cells on the target frequency carrier are synchronized with serving cell and SSB index of neighbor cells can be derived based on frame timing of the serving cell.
· The serving cell above is PCell when ‘measObjectNR’ is configured by MN, and the serving cell above is PSCell when ‘measObjectNR’ is configured by SN.
· Supported by NTT Docomo
· The IE ‘useServingCellTimingForSync’ in ‘measObjectNR’ is introduced in TS36.331 for inter-RAT measurement.
· When IE ‘useServingCellTimingForSync’ in ‘measObjectNR’ is enabled for inter-RAT measurement, UE assumes that all neighbor cells on the target frequency carrier are synchronized with serving PCell and SSB index of neighbor cells can be derived based on frame timing of the serving PCell.
· Supported by NTT Docomo
[bookmark: _GoBack]
2.2 Rate-Matching behavior during intra-frequency measurements [1][2][6][8][11] [12][14]
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. Companies have provide input on whether additional UE behavior is 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 on the following proposals:
· It is not required to define a specific rate matching behavior around SSB symbols during intra-frequency SSB-based measurements without MG
· Supported by Huawei, HiSilicon
· UE should assume rate matching around SSB REs to get more available resources for PDSCH in FR1. UE should assume rate matching around SSB OFDM symbols to get more flexibility for Rx beam selection in FR2
· Supported by ZTE, Sanechip
· In case intra-frequency neighbor cell RRM measurement occasion collides with serving cell UL/flexible symbols, following UE behaviors are defined
· Neighboring cell RRM measurement is allowed to be performed if UE is NOT scheduled to transmit in UL in the serving cell.
· UE cancels the neighboring cell RRM measurement if UE is scheduled to transmit in UL in the serving cell.
· Supported by Vivo
· There is very little gain in defining a special rate-matching pattern for the slots where SSBs are transmitted. 
· Supported by Ericssson
· PDCCH/PDSCH is not scheduled, at least to eMBB UE, in a slot containing SS/PBCH block(s) within a SMTC window in FR2.
· Supported by LGE
· If Rate-matching around SS/PBCH block is to be defined in Rel-15, at least the working frequency bands, useServingCellTimingForSync, the capablity of simutaneous reception of SS/PBCH block and PDCCH/PDSCH needs to be considered.
· Supported by OPPO
· RAN1 does not define specific rate matching behavior around SSBs for measurement.
· Supported by NTT Docomo, Qualcomm, Ericsson
· UE is not expected to be configured with resource allocation overlapping with symbols to be measured, and X symbols before and after symbols to be measured.
· Supported by Qualcomm


2.3 Multiplexing of CSI-RS and SSB for RRM measurements [2][7][13][14]
One company discusses UE behaviors related to multiplexing of physical channels and RS with and without spatial QCL relationships. RAN4 has already concluded on UE behavior regarding transmission and reception of PUSCH and PDSCH, respectively, during the reception of SSB for RRM measurements. It was suggested that RAN1 discuss on expected UE behavior when CSI-RS for RRM and PUSCH/PDSCH collides, CSI-RS for RRM and CSI-RS for other purposes collides. The UE behavior may include procedures on whether or not UE is expected to make measurements/reception/transmission simultaneously and required QCL assumptions.

Continue further discussion on the following proposals:
· The UE may be configured with the CSI-RS resource in the same OFDM symbol(s) as an SS/PBCH block, and the UE may assume that the CSI-RS and the SS/PBCH block are quasi co-located with ‘QCL-TypeD’ if ‘QCL-TypeD‘ is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the SS/PBCH block, and the UE shall expect that the same subcarrier spacing is used for both the CSI-RS and the SS/PBCH block.
· Supported by ZTE
· Discuss how to deal with following combinations:
· Supported by Intel
· Table 1. UE behavior when simultaneously receiving two RSs with different functionality
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· Some of the UE behavior for each entry may be one of the following:
· TS: Time sharing is performed for measurement that is UE implementation specific. Possibly no RAN1 specification impact envisioned. RAN4 may consider it for specifying requirements.
· No-spec: Can be handled by UE implementation, no specification impact envisioned
· QCL: UE is expected to receive multiplexed channels/RS if they are QCL-ed. The QCL relationship has to be known to the UE in advance so there is no ambiguity in Rx beam selection (using the same Tx beam alone is not sufficient).
· No Support: RS multiplexing is not supported in Rel-15
· When UE has detected link problem/declared beam failure, it first prioritizes the candidate beam measurements for beam recovery inside and outside SMTC window before any other signals or channels it is not able to receive simultaneously.
· Supported by Nokia, NSN
· When UE has not detected link problem/declared beam failure,
· Inside the SMTC window, UE performs measurements according to RAN4 decisions on the scheduling availability and potential scaling of measurements (e.g. between RLM and RRM)  
· Outside the SMTC window UE prioritizes reception of PDSCH. If no PDSCH scheduled, UE the prioritizes the measurements as follows:
· 1) Multipurpose RS . 
· 2) Beam Management (e.g. L1-RSRP) and BFD-RS (scaling of measurement periods between these is up to RAN4)
· 3) RLM-RS
· If equal priority is determined the measurement scaling is left for RAN4 decision.
· Supported by Nokia, NSN
· NR does not support frequency-domain multiplexing of SSB and RRM CSI-RS.
· Supported by Qualcomm



	
2.4 C-DRX and CSI-RS for L3 mobility [1][2][3][4][6][7][8][9][11][12][13]
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 on the following proposals:
· No additional clarification of the specification is needed
· Supported by Intel, Samsung

· 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 Vivo, Intel, LGE, OPPO

· 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, Sanechip, Ericsson, NTT Docomo, Nokia, NSN
· Alt 3: It will be up to the network on whether to transmit the configured CSI-RS resources for L3 mobility outside the active time of UE configured with C-DRX. For a UE configured with C-DRX, it is up to the UE on whether try to detect and, if detected, to measure CSI-RS outside the active time of C-DRX.
· Supported by CATT
· CSI-RS resource configuration is under network control and can be configured independently of C-DRX.
· Supported by Nokia, NSN



2.5 RRM measurements for SCells without SSB [1][5][10]
SSB-less CC operation in intra-band CA was agreed to be supported in RAN1. Some discussion on whether or not to support SSB-based RRM measurements on SCells without SSB took place in RAN1 #92bis.

Continue further discussion on the following proposals:
· NR does not support SSB-based RRM measurements for SCells without SSB, by using SSB-based measurement from other cell(s).
· Supported by Huawei, HiSilicon
· For CSI-RS based RRM measurement, if the associated SSB is not configured, 
· Option1. The timing of PCell shall be utilized
· Option2. An indication for the serving cell to be utilized shall be provided to an UE
· Supported by Spreadtrum
· For CSI-RS based RRM measurement, if a neighbor cell does not have SSBs and the cell is not synchronized with UE’s serving cells,
· Option1. UE does not expect to do the CSI-RS based RRM measurement for the cell.
· Option2. To get the timing for CSI-RS based RRM measurement, associated SSB shall be configured for CSI-RS based RRM measurement, and both frequency information and cell information of the associated SSB is required.
· Supported by Spreadtrum
· For non-contiguous intra-band CA, UE follows the results of synchronization and RSRP measurement obtained from other serving cells for the SCell without SS block. FFS on RSSI measurement on SCell.
· Supported by Mediatek
· For inter-band CA, there should be at least one SS block in one of the configured BWPs for a SCell.
· Supported by Mediatek
· UE follows synchronization/timing of other serving cells within a same band for the SCell without SSB for intra-band CA.
· When intra-frequency measurement is disabled for SCell without SSB, UE follows RSRP results from other serving cells within a same band for the SCell without SSB for intra-band CA.
· Supported by NTT Docomo
· 



2.6 Parameter configuration for CSI-RS for L3 mobility [10]
One company noted that ECP configuration which is available for 60 kHz is does not exist in the CSI-RS for L3 mobility configuration and suggests to add the parameter to RRC.

Suggested to agree to following proposal:
· Introduce an addition of RRC parameter “cyclicprefix” for CSI-RS for mobility configuration to support 60kHz ECP CSI-RS.


2.7 Measurement window for CSI-RS based RRM measurements [10][12]
SSB based RRM measurements are configured with measurement window, known as SMTC window. The measurement window serve the purpose to provide guidance on the measurements and limit the UE complexity involved in making measurements by defining a measurement duration window. One company has noted that such window does not exist for CSI-RS and would like to discuss this aspect. One company has proposed that measurement window is not necessary.

Continue further discussion on the following proposals:
· Specify a measurement window for CSI-RS for L3 mobility
· Supported by Mediatek
· For CSI-RS based measurement on synchronous carrier, measurement window for CSI-RS is not necessary.
· Supported by NTT Docomo
· For CSI-RS based measurement with associated SSB on asynchronous carrier, SMTC window should be configured and UE will search associated SSB within the SMTC window.
· CSI-RS resources should also be confined within the SMTC window in such case.
· Supported by NTT Docomo



2.8 Semi-persistent CSI-RS for RRM
L1 parameter excel from RAN1 (R1-1801347):[image: ]
Agreements:
1. Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR
0. Periodic CSI-RS transmission with configurable periodicity
0. Note that CSI-RS transmission can be turned on and off
0. FFS: candidate periodicity values
0. Configurable transmission/measurement bandwidth
1. FFS: whether/how transmission and/or measurement bandwidth is indicated to UE
0. Configurable CSI-RS time/frequency resource
2. Note that this property is the same with that for beam management based on CSI-RS
2. Note that the numerology for CSI-RS should consider neighbor cell measurement aspects

38.331
CSI-RS-Resource-Mobility ::=            SEQUENCE {
    csi-RS-Index                            CSI-RS-Index,
    -- Contains periodicity and slot offset for periodic/semi-persistent CSI-RS (see 38.211, section x.x.x.x)FFS_Ref
    slotConfig                              CHOICE {
        ms4                                     INTEGER (0..31),
        ms5                                     INTEGER (0..39),
        ms10                                    INTEGER (0..79),
        ms20                                    INTEGER (0..159),
        ms40                                    INTEGER (0..319)
    },
    -- Each CSI-RS resource may be associated with one SSB. If such SSB is indicated, the NW also indicates whether the UE may assume 
    -- quasi-colocation of this SSB with this CSI-RS reosurce. 
    -- Corresponds to L1 parameter 'Associated-SSB' (see FFS_Spec, section FFS_Section)
    
    associatedSSB                           SEQUENCE {
        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, -- Cond AssociatedSSB

    
    -- Frequency domain allocation within a physical resource block in accordance with 38.211, section 7.4.1.5.3 including 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. For the choice "other", the row can be determined from
    -- the parmeters below and from the number of bits set to 1 in frequencyDomainAllocation.
    frequencyDomainAllocation           CHOICE {
        row1                                BIT STRING (SIZE (4)),
        row2                                BIT STRING (SIZE (12))
    },

    
    -- Time domain allocation within a physical resource block. The field indicates the first OFDM symbol in the PRB used for CSI-RS.
    -- Parameter l0 in 38.211, section 7.4.1.5.3. Value 2 is supported only when DL-DMRS-typeA-pos equals 3.
    firstOFDMSymbolInTimeDomain         INTEGER (0..13),    
    -- Scrambling ID for CSI-RS(see 38.211, section 7.4.1.5.2)
    sequenceGenerationConfig                INTEGER (0..1023),
    ...
}

Suggested agreement
· Confirm that only periodic CSI-RS is supported for CSI-RS based RRM


3. Summary of Other Issues

3.1 Clarification to SMTC [2]
It was noted by a company that whether SS-RSRP could be measured outside the SMTC window or not is ambiguous. Therefore suggested to clarify this.

Continue further discussion on the following proposals:
· Propose to add the following section to SS-RSRP definition in 38.215:
· SS-RSRP is not measured for SS/PBCH Blocks outside the SMTC window duration, even if they are in the indicated set of SS/PBCH Block(s).

3.2 Measurement Gap configuration for CSI-RS for L3 mobility [10]
One company proposed to clarify the measurement gap configuration for CSI-RS based RRM measurement when the numerology (including CP configuration) is different from the active DL BWP.

Continue further discussion on the following proposals:
· For CSI-RS based RRM, if CSI-RS numerology is different from the active DL BWP numerology, interruption or measurement gap is expected.

3.3 SFTD [4]
In the LS (R1-1803600) to RAN1 [3], RAN4 provides the following definition on the SFTD measurement:
	Definition
	The observed SFN and frame timing difference (SFTD) between an E-UTRA PCell and an NR Cell is defined as comprising the following two components;
-	SFN offset = (SFNPCell - SFNNRCell) mod 1024, where SFNPCell is the SFN of a E-UTRA PCell radio frame and SFNNRCell is the SFN of the NR Cell radio frame of which the UE receives the start closest in time to the time when it receives the start of the PCell radio frame.
-	Frame boundary offset = [image: ], where TFrameBoundaryPCell is the time when the UE receives the start of a radio frame from the PCell, TFrameBoundaryNRCell is the time when the UE receives the start of the radio frame, from the NR Cell, that is closest in time to the radio frame received from the PCell. The unit of (TFrameBoundaryPCell - TFrameBoundaryNRCell) is Ts.

UE shall compensate for the time difference between the moment it received the SSB of PCell and the moment it received the SSB of the to-be-measured NR Cell used for SFTD estimation.


	Applicable for
	RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-RAT



One company has questioned the background motivation of the red text for SFTD definition.

Continue further discussion on the following proposals:
· When responding RAN4 LS (R1-1803600), suggest requesting a clarification on the reason behind “UE shall compensate for the time difference between the moment it received the SSB of PCell and the moment it received the SSB of the to-be-measured NR Cell used for SFTD estimation”.
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