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1. Introduction
This contribution summarizes discussion aspects of NR RRM measurements based on submitted contribution for RAN1 #92bis and offline discussions that took place during RAN1 #92bis meeting week.
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 for RRM measurements
2.1 Rx beam selection for RRM measurement [1][2][12]
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 on the following proposals:
· The selection of Rx beam set to perform measurement on carrier is left to the UE implementation with the limitation that the same Rx beam set is used to measure the same carrier.
· Supported by ZTE, Sanechip
· The agreement in RAN1 AH 1709 on RX beams for RRM measurement is sufficient with the only additional requirement that the corresponding measurement accuracy requirements have to be fulfilled.
· Supported by Huawei, HiSilicon
· Measurement to be reported is the best among the measurements based on each RX beam in the selected set.
· Supported by Nokia, NSN


Proposed Conclusion:
Send an LS to RAN4
· RAN1 has discussed following proposals regarding Rx beam selection for RRM measurements in the context of requiring the UE to provide more stable measurements and request that RAN4 take the discussion into account in their work.
· Measurement to be reported is the best among the measurements based on each RX beam in the selected set
· Measurement to be reported shall be greater than average of measurements based on each RX beam in the selected set
· The selection of Rx beam set to perform measurement on carrier is left to the UE implementation with the limitation that the same Rx beam set is used to measure the same carrier
· RAN1 believes the selection and/or definition of the Rx beam for measurement should be determined by RAN4, and have not concluded on a specific proposal.
· The following are related agreement from RAN1 2017 Adhoc #3:

	Agreements:
· 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





2.2 SS-RSSI measurement bandwidth [1][2][5][8][10][11][13]
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 on the following proposals:
· Connected UE may use larger RSSI measurement BW than for RSRP and the maximum available measurement BW includes SSB bandwidth, initial active BWP, CSI-RS bandwidth if it is configured in MO, and the bandwidth between them. IDLE UE uses the same RSSI measurement BW as RSRP.
· Supported by ZTE, Sanechip
· SS-RSSI and SS-RSRP have the same measurement BW
· Supported by Huawei, HiSilicon
· Different measurement bandwidth for SS-RSSI than for SS-RSRP can be supported. If configured, SS-RSSI is measured in the bandwidth configured by the network. Otherwise, SS-RSSI is measured with the same bandwidth as SS-RSRP. 
· Supported by OPPO
· 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
· NR does not support SS-RSSI measurement BW larger than SS-RSRP measurement BW.
· Supported by Qualcomm, [Ericsson]
· In Rel-15, different measurement BW for SS-RSSI from that for SS-RSRP is supported. (NTT Docomo)
· For intra-frequency SS-RSRQ measurement, maximum allowable bandwidth for NR carrier RSSI measurement is defined as follows.
· When the activated DL BWP contains SSB inside its bandwidth, maximum allowable bandwidth for NR carrier RSSI measurement is bandwidth of the active DL BWP.
· When the activated DL BWP does not contain SSB inside its bandwidth, 
· If there is at least one configured DL BWP that contains SSB inside its bandwidth, Maximum allowable bandwidth for NR carrier RSSI measurement is minimum bandwidth among configured DL BWPs that contain SSB inside their bandwidth.
· If all configured DL BWPs do not contain SSB inside their bandwidth, Maximum allowable bandwidth for NR carrier RSSI measurement is bandwidth of CORESET configured by PBCH if it is indicated in PBCH, or SS/PBCH block bandwidth if CORESET bandwidth is not indicated in PBCH.
·  For inter-frequency measurement, UE should measure SS-RSSI on SSB bandwidth.


Proposed Conclusion:
· RAN1 does not introduce different measurement BW for SS-RSRP and SS-RSSI for Rel-15.



2.3 Frequency location of PScell [1][3] 
In RAN1 #92, the following agreements were made on SSB frequency location.
	Agreements:
· 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



It was left FFS for the case of PScell. 

Continue further discussion on the following proposals:
· For reception of cell defining SSB from the target PScell, frequency offset is not required. NR only supports cell defining SSBs of PSCell that are always on the synchronization signal raster. For reception of SSB for the target PScell, frequency offset signaling will be required for SSB not on the sync signal raster.
· Supported by ZTE, Sanechip
· PSCell can be placed on a channel raster that may or may not be a synchronization signal raster.
· Supported by CATT

Proposed Agreement:
· SSB for a PSCell may not necessarily need to be on a sync raster.
· SSB for a PSCell are always on a sync raster.
[bookmark: _GoBack]


2.4 Measurement BW of CSI-RS [2][4][7][11]
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 intra-frequency measurement, the measurement bandwidth should be confined in the active BWP. For inter-frequency measurement, a minimum measurement bandwidth should be supported to limit UE power consumption, while the measurement requirement can still be met.
· Supported by Vivo
· 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
· RAN1 has no additional agreements on measurement BW of CSI-RS for L3 mobility. Let RAN4 discuss this issue.
· Supported by NTT Docomo


Proposed Agreement:
· For intra-frequency, if measurement gap is not used, UE is not expected to measure the CSI-RS resources outside the active DL BWP. 



2.4a Data reception during CSI-RS measurement [10]
Continue further discussion on the following proposals:
· For CSI-RS based RRM, if CSI-RS numerology is different from the active DL BWP numerology, the UE is not required to receive any DL channels and signals in the active DL BWP during the duration that UE performs CSI-RS measurement in the same active DL BWP.


Proposed Conclusion:
· It is up to RAN4 to define associated UE behavior in context of reception of PUSCH/PDSCH during measurements of CSI-RS resource with same/different numerology with PUSCH/PDSCH.


2.5 Associated SSB configuration for L3 mobility CSI-RS [2][3][9][10][11][12][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 on the following proposals:
· If CSI-RS resources associated with and without SS/PBCH blocks are configured in the same frequency layer, the maximum number of total configured CSI-RS resources in that frequency layer is 96 while up to 64 of the configured CSI-RS resources are associated with a SS/PBCH block.
· Supported by Huawei, HiSilicon
· Maximum number of M=96 CSI-RS resources per associated SS/PBCH block can be configured per frequency layer
· Supported by Huawei, HiSilicon
· NR should allow some or all CSI-RS resources are configured to be associated with SS/PBCH blocks in a frequency layer
· Supported by CATT
· The maximum number of CSI-RS resources per associated SS/PBCH block that can be configured for a frequency layer should not be smaller than 64.
· Supported by CATT
· For CSI-RS based RRM, NR configures either only CSI-RS resources with associated SSB or only CSI-RS resources without associated SSB in the same frequency layer.
· Supported by Qualcomm
· For FR2, NR only configures CSI-RS resources with associated SSB and with Type-D QCL between associated SSB and CSI-RS.
· Supported by Qualcomm
· CSI-RS resources associated with and without SS/PBCH block can be configured in the same frequency layer. When CSI-RS resources associated with and without SS/PBCH block are configured in the same frequency layer, maximum N3=64 number of CSI-RS resources can be configured per frequency layer.
·  Supported by NTT Docomo
· CSI-RS resources associated with and without SS/PBCH block can be configured to 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 Nokia, NSN
· The UE can be configured to perform measurements on a set of CSI-RS resources, where some CSI-RS resources are associated with SS blocks and some CSI-RS resources are not associated with CSI-RS resources.
· Supported by Ericsson
· In total, a UE can be configured with at most 96 CSI-RS resources for mobility, and at most 64 of those are configured without associated SS blocks.
· Supported by Ericsson


During the offline discussion the following options were identified.
Alt 1) NR supports configuration of mixture of CSI-RS resources with associated SSB and without associated SSB in the same measurement object (e.g. same carrier frequency)
· Supported by Nokia, Huawei, NTT Docomo

Alt 2) NR does not supports configuration of mixture of CSI-RS resources with associated SSB and without associated SSB in the same measurement object (e.g. same carrier frequency)
· 	Supported by Qualcomm, Intel, LGE, OPPO, Mediatek


Summary of offline discussion and suggestion from feature lead:
· Companies are encourage to provide additional conditions which may be added to Alt 1 or 2 such that they would be able to accept the proposal or compromise solutions
· Send an email to Daewon by Wednesday noon with suggestions and justification for the conditions and suggestion
· Some example of potential conditions or compromise solutions
· alt 2 with possibility of revisiting the maximum number of CSI-RS higher than what is agreed currently,
· alt 1 with small maximum number of CSI-RS resources supported
· For FR1 atl1, for FR2 alt 2
	



2.6 C-DRX and CSI-RS for L3 mobility [1][2][4][5][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 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, OPPO, 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 ZTE, Sanechip, Huawei, HiSilicon, NTT Docomo, Nokia, NSN, Ericsson


2.7 Rate-Matching behavior during intra-frequency measurements [2][8][9][11][13]
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 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. 
· 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.
· PDCCH/PDSCH is not scheduled, at least to eMBB UE, in a slot containing SS/PBCH block(s) within a SMTC window in FR2 (LGE)
· No special rate-matching behaviour is defined for NR Rel-15 PDSCH and PUSCH for deal with RRM measurement interruption time for intra-frequency measurements without measurement gap.
· Supported by Intel
· RAN1 does not define specific rate matching behavior around SSBs for measurement
· Supported by NTT Docomo, [Ericsson]


2.8 Antenna Port of CSI-RS for L3 mobility [4]
The current TS38.215 states that antenna port 3000 and 3001 are available for CSI-RSRP, even though RAN1 has agreed that only single antenna port will be supported for CSI-RS for L3 mobility in Rel-15. The following proposal is to correct the specification to such that it is aligned with RAN1 agreements.

Agreement in RAN1 #92bis:
=========================== Begin of text proposal for TS38.215 =========================

	Definition
	CSI reference signal received power (CSI-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry CSI reference signals configured for RSRP measurements within the considered measurement frequency bandwidth in the configured CSI-RS occasions.

For CSI-RSRP determination CSI reference signals transmitted on antenna port 3000 or antenna ports 3000, 3001 according to 3GPP TS 38.211 [4] shall be used. If CSI-RSRP is used for L1-RSRP, CSI reference signals transmitted on antenna ports 3000, 3001 can be used for CSI-RSRP determination. 

For frequency range 1, the reference point for the CSI-RSRP shall be the antenna connector of the UE. For frequency range 2, CSI-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported CSI-RSRP value shall not be lower than the corresponding CSI-RSRP of any of the individual receiver branches.

	Applicable for
	If CSI-RSRP is used for L1-RSRP,
RRC_CONNECTED intra-frequency.

Otherwise,
RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency



================================ End of text proposal ============================

2.9 Reference timing for RSSI Measurements [6]
Current RSSI measurement for as part of RSRP measurement can be configured by higher layers to monitor specific slots and OFDM symbols of a cell. One company has noted that the timing reference of in order to determine the specific slots and OFDM symbols is not clear. To reduce detection complexity involved with RSSI measurements, the following clarification is proposed:
Continue further discussion on the following proposals:
· NR Carrier RSSI is measured with timing reference from any one of the cells in the frequency layer.
· Supported by Mediatek



2.10 Measurement window for CSI-RS based RRM measurements [6]
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.

Continue further discussion on the following proposals:
· Specify a measurement window for CSI-RS for L3 mobility
· Supported by Mediatek



2.11 RRM measurement for SSB-less CC [6]
SSB-less CC operation in intra-band CA was agreed to be supported in RAN1. One company proposed to discuss further on how to define SSB based RRM measurements for Scells that do not have SSB.

Continue further discussion on the following proposals:
· 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. For inter-band CA, there should be at least one SS block in one of the configured BWPs for a SCell.
· Supported by Mediatek



2.12 Multiplexing of CSI-RS and SSB for RRM measurements [9]
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:
· Discuss UE behavior and multiplexing rules for the following cases: (Intel)
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2.13 useServingCellTimingForSync Parameter [11]
One company discusses clarification to usage of the useServingCellTimingForSync parameter that is currently defined in RRC specification. This parameter was introduced by RAN1 to enable UE to derive the SSB index of neighbor cell by using the serving cell timing in case the network is synchronized. Further clarifications on the usage and when to enable this is discussed.

Continue further discussion on the following proposals:
· UE behavior when IE ‘useServingCellTimingForSync’ in ‘measObjectNR’ is enabled for inter-frequency measurement should be clarified as below. (NTT Docomo)
· 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.
· The IE ‘useServingCellTimingForSync’ in ‘measObjectNR’ is introduced in TS36.331 for inter-RAT measurement. (NTT Docomo)
· 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.
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