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1. Introduction

At the last RAN1 meeting, remaining details on NR RRM measurements based on SSB and CSI-RS for L3 mobility were discussed. Part of the agreements and conclusions are shown as follows [1].
	Agreements:

When a set of slots for RSSI time-domain measurement resource can be explicitly configured per frequency carrier for a UE in RRC_CONNECTED mode:
· Slots in the RSSI measurement resource are configured by a bitmap with each bit corresponding to each slot of the slots within the SMTC window duration

· Here, the slots are determined based on the SSB numerology

· OFDM symbol level configuration for the configured slots: 

· Configurable with a limited set of ending symbols; the set of symbols in a slot is from symbol 0 to the ending symbol

· No more than 4 values for the end symbol 
Agreements:

· No QCL indication for multiple SSBs in WB carrier for mobility purpose

· Note that indication for other purposes, e.g., BM is out of scope of the above
Conclusion:

· Multiple SSB based RRM measurement for a WB carrier is not supported in R15

Agreements:

· In Rel-15, different measurement BW for CSI-RSSI than for CSI-RSRP is not supported

· In Rel-15, there is no consensus to support different measurement BW for SS-RSSI than for SS-RSRP
Agreements:

· For each CSI-RS resource, at most one associated SSB can be configured 

· If associated SSBs are configured for CSI-RS, maximum N1=96 number of CSI-RS resources can be configured per frequency layer

· M>=1 number of CSI-RS resources per associated SSB can be configured

· If associated SSBs are not configured for CSI-RS, maximum N2>=1 number of CSI-RS resources can be configured per frequency layer

· In this case, UE may assume that the carrier is synchronized with the serving cell.

· FFS UE is not required to perform measurement based on CSI-RS if the corresponding cell ID is not detected


In this contribution, we further discuss remaining issues on SSB based and CSI-RS based measurement for mobility management. 
2. SS/PBCH block based RRM measurement
RSSI time-domain measurement resource configuration 
At the last RAN1 meeting, it was agreed that when a set of slots for RSSI time-domain measurement resource is explicitly configured by a bitmap per frequency carrier for a UE in RRC_CONNECTED mode, no more than 4 values for the end symbol are supported for the configured slots. Such up to 4 candidate ending symbol positions need to be clarified. In order to reflect the real interference condition brought by data transmission of neighboring cell(s), we think that the RSSI measurement should not include SSB symbols. Therefore, the candidate ending symbol values depend on subcarrier spacing (SCS) of SSB and SSB time locations within a slot defined for the frequency band. For example, in the case of 15 kHz SCS for SSB transmission, first 2 symbols within a slot of 14 symbols are preserved for DL control and data, which can be used for RSSI measurement. In some case, if SSB is only transmitted in 8-11 symbols, 0-7 symbols can be used for RSSI measurement. If two SSBs in a slot are not transmitted and there are only 1 UL symbol and 1 guard symbol at the end of the slot, RSSI measurement in 0-11 symbols may be beneficial. Therefore, candidate ending symbol positions for 15 kHz SCS could be {1, 7, 11}. In case of 30 kHz SCS for SSB transmission, the default mapping pattern for SSB transmission is 2-5 symbols or 8-11 symbols, which is similar as 15 kHz SCS. Therefore, candidate ending symbol positions for 30 kHz SCS is also {1, 7, 11}. If the other mapping pattern for LTE-NR coexistence band is considered, candidate ending symbol positions could be {1, 3, 5, 7}. In case of 120 kHz SCS, SSB mapping pattern for the first slot is 4-7 symbols or 8-11 symbols, and thus the candidate ending symbol positions can be {3, 7}. In addition, the SSB mapping pattern for the second slot is 2-5 symbols or 6-9 symbols, and thus the candidate ending symbol positions can be {1, 5}. Therefore, for 120 kHz SCS, candidate ending symbol positions could be {1, 3, 5, 7}. Similarly, for 240 kHz, the candidate ending symbol positions can be {1, 3, 5, 7, 11} considering the two SSB mapping patterns in the first and second two slots. Considering different cases above, at least {1, 7} ending symbol positions can be supported. The other two candidate values can be selected from {3, 5, 11}. We slightly prefer to support {1, 3, 7, 11} as candidate ending symbol positions since an impact of not supporting {5} may be less than that for {3} or {11} considering other supported values. Regarding how to capture this proposal in the specifications, we think it should be described in RRC protocol spec (i.e., TS36.331 and TS38.331) similar to RSSI measurement time resource for LTE-LAA.
Proposal 1

· {1, 3, 7, 11} are supported as candidate ending symbol positions for the configured slots for RSSI time-domain measurement resource configuration.

· Send LS to RAN2 to inform supported ending symbol positions so that they will be captured in RRC protocol specifications.
Default SS-RSSI time-domain measurement resource
At the last RAN1 meeting, two alternatives [2] for default SS-RSSI time-domain measurement resource were discussed and they are shown as below. 
	For default RSSI time-domain measurement resource:

Alt 1: All OFDM symbols within a fixed m number of consecutive slots within the SMTC window, where the slot timing is defined in the same way as the SMTC window timing reference is determined. 

· Note that it is up to UE implementation how to use the all OFDM symbols for RSSI measurements. 

… Huawei, MediaTek, Samsung, Intel, Qualcomm, DOCOMO, [Nokia]

· Counter-argument to Alt 2: UE need to perform slot boundary detection, and to do so, UE need to detect SSB index.

Alt 2: Union of OFDM symbols {0, 1} and OFDM symbols before a detected SSB in each half slot containing the detected SSB, where the slot timing is defined according to the detected SSBs … OPPO, Ericsson, Vivo


In addition, RAN4 also discussed on default SS-RSSI time resource definition at the last RAN4 meeting and agreed to send LS [3] to RAN1. RAN4’s recommendation for the by-default RSSI evaluation period design was shown below.
	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)


In above alternatives, Alt. 1 is simpler than Alt. 2 as UE does not need to detect each SSB within the SMTC window before RSSI measurement. In addition, RAN4’s definition can be regarded as a simper version of Alt. 1 by defining the fixed value of m to be TRSSI. The SSB symbols are included for RSSI measurement, which may not reflect the real interference condition. However, the defined time duration of TRSSI contains sufficiently large number of time resources. In addition, this approach does not require UE to measure RSSI for each cell separately, which is a significant benefit for RSRQ/RSSI measurement on asynchronous carrier. Therefore, the default RSSI time-domain measurement resource could follow the definition in RAN4 LS. It should be captured in SS-RSRQ definition in TS38.215 specification as shown in Annex.
Proposal 2

· Default RSSI time-domain measurement resource follows the definition in RAN4 LS, which is as follows.

· 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)
Different measurement BW for SS-RSSI than for SS-RSRP 
At the last RAN1 meeting, different measurement BW for SS-RSSI than for SS-RSRP was discussed and there was no consensus on following two alternatives [2]. 
	· Alt 1: In Rel-15, it is up to UE implementation to measure SS-RSSI in wider BW than the SSB BW confined within a carrier BW, if UE knows the carrier BW of the frequency carrier. 

· Supported by: Huawei, MediaTek (2nd preference), OPPO

· Note: UE may not know the BW of inter-frequency cell without decoding PBCH

· Alt 2: In Rel-15, different measurement BW for SS-RSSI than for SS-RSRP is not supported

· Supported by: Ericsson


In a synchronized network, the SSBs from different cells may collide. In that case, the measured RSSI in the SSB bandwidth could not reflect real interference condition brought by data transmission of neighbouring cells. Therefore, it is beneficial to support different measurement BW for SS-RSSI than for SS-RSRP to relax the problem of measurement accuracy. Even though Alt. 2 is simper, we slightly prefer Alt. 1 to achieve higher measurement accuracy by measuring larger SSB bandwidth. Nevertheless, full configuration flexibility may not be necessary. It can be up to UE implementation to measurement SS-RSSI in wider BW than SSB BW. For example, UE can perform SS-RSSI measurement on SSB bandwidth, active DL BWP bandwidth, or min(UE maximum supported bandwidth, carrier bandwidth).
Proposal 3
· In Rel-15, different measurement BW for SS-RSSI than for SS-RSRP is supported. 
· It is up to UE implementation to measure SS-RSSI in wider BW than the SSB BW confined within a carrier BW.
Measurement with and without intra-frequency measurement gap
At the last RAN1 meeting, UE behavior during measurement outside measurement gap was discussed with considering Rx beam sweeping. When UE performs intra-frequency measurement outside measurement gap, UE may be able to receive data during the SMTC window duration. At RAN4#85 meeting, it was agreed that RX beamforming switch in FR1 should not introduce interruption. In that case, for sub 6GHz, UE should assume the rate matching is performed around the REs reserved by SSBs of serving cell. In addition, if UE is not capable of simultaneous reception of different numerologies while SSB SCS is different from data SCS in synchronous NW, UE shall assume the rate matching is performed around the SSB symbols of serving/neighbor cells since UE cannot receive data during measurement. In asynchronous NW, if UE is not capable of simultaneous reception of different numerologies while SSB SCS is different from data SCS, UE cannot receive data within SMTC window since any timing within SMTC window may have SSB of neighbor cell in asynchronous case.
For above 6GHz, RAN4#84bis already agreed that all Rel-15 UEs are not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on FR2 serving cells during FR2 intra-frequency measurements due to analogue Rx beamforming. For above 6GHz, we assume only synchronous NW since there are only TDD bands. In addition, UE in FR2 shall be capable of very fast RX beam switching. Therefore, UE shall assume the rate matching is performed around the SSB OFDM symbols to be measured for above 6GHz. The rate matching should be performed considering not only serving cell but also neighboring cells. For example, for above 6GHz, rate matching should be performed around actually transmitted SSB symbols of both serving cell and neighboring cells based on actual SSB indication for measurement.
Additionally, in case of intra-band CA in FR2 band, UE analogue Rx beamforming would be common across aggregated CCs. Therefore, when UE performs measurement on a certain CC, UE would not be able to receive data on all aggregated CCs due to analogue Rx beamforming for measurement. Therefore, rate matching is also performed around SSB symbols to be measured for serving/neighbor cells on other aggregated CCs sharing the same analogue Rx beamforming.

Proposal 4
· When UE performs intra-frequency measurement outside measurement gap,

·  For sub 6GHz, 
· If UE is not capable of simultaneous reception of different numerologies while SSB SCS is different from data SCS in asynchronous NW, UE is not expected to receive PDCCH/PDSCH within SMTC window.
· If UE is not capable of simultaneous reception of different numerologies while SSB SCS is different from data SCS in synchronous NW, UE shall assume the rate matching is performed around the SSB symbols to be measured for serving/neighbor cells.
· If UE is capable of simultaneous reception of different numerologies or SSB SCS and data SCS are the same, UE shall assume the rate matching is performed around the REs reserved by SSBs of serving cell.
· For above 6GHz, UE shall assume the rate matching is performed around SSB symbols to be measured for serving/neighbor cells.
· In case of intra-band DL CA with sharing the same analogue Rx beamforming, UE shall assume the rate matching is also performed around SSB symbols to be measured for serving/neighbor cells on other aggregated CCs.
RRM measurement based on multiple SSB
At the last RAN1 meeting, RAN1 agreed to conclude that multiple SSB based RRM measurement for a WB carrier is not supported in Rel-15. In addition, it was agreed to support no QCL indication for multiple SSBs in WB carrier for mobility purpose. The statement is ambiguous from the aspect of UE behavior. For example, it may be interpreted as UE cannot be configured to perform RRM measurement on multiple SSB frequency locations within wideband CC. However, we believe this is not the intention of the agreements. We think it is possible that UE is configured to measure multiple SSB frequency locations within a wideband CC by multiple measurement objects. In such case, UE can measure multiple SSBs frequency locations simultaneously (with fixed analogue RX beam). To efficiently utilize such multiple SSBs, NW may apply different TX beams to different SSBs on the same timing e.g., by using different antenna panels so that UE RX beam sweeping for each SSB TX beam reception can be efficiently performed. To achieve such operation, QCL assumption on multiple SSBs within a cell needs to be clarified, i.e., QCL should not be assumed between SSBs with different frequency locations within a CC even with same SSB index. In the agreements, no QCL indication would mean that default QCL assumption is necessary. Therefore, we propose that default assumption is UE should not assume any QCL assumption between SSBs on different frequency locations even with the same index within wideband CC [4].
Proposal 5: UE shall not assume that SSBs with same block index on different frequency locations are quasi-colocated.

· Corresponding texts in section 7.4.3.1 of TS 38.211 should be revised as below.

	The UE may assume that SS/PBCH blocks transmitted with the same block index on the same center frequency location are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, and spatial Rx parameters. The UE shall not assume quasi co-location for any other SS/PBCH block transmissions including SS/PBCH block transmissions even with the same block index on the different center frequency locations.


3. CSI-RS based RRM measurement

RRM measurement based on CSI-RS without cell ID 
For RRM measurement based on CSI-RS, there is a remaining issue on whether UE is required to perform measurement on CSI-RS or not if the corresponding cell ID is not detected. If a CSI-RS resource is configured with one associated SSB, UE can first detect SSB. If SSB is detected, UE could continue the RRM measurement on CSI-RS resource. If SSB is not detected, as agreed in last RAN1 meeting, UE skips corresponding CSI-RS measurement so that UE can focus on measurement for other potentially stronger CSI-RSs. If CSI-RS resource is not configured with one associated SSB, in most cases it may mean that SSB is not transmitted on the carrier. In that case, even if corresponding cell is not detected, UE should perform CSI-RS measurement. However, if SSB is transmitted on the carrier but no associated SSB is configured for CSI-RS resource, either measurement behavior for UE would be fine if corresponding cell ID is not detected. For example, UE may skip RRM measurement on CSI-RS as no detection of cell ID may imply bad channel condition. UE may also perform CSI-RS measurement as the signal strength of CSI-RS is higher than SSB. However, it would increase UE complexity if UE needs to distinguish the two situations above on whether SSB is transmitted or not when CSI-RS resource is not configured with one associated SSB. Therefore, if CSI-RS resource is not configured with one associated SSB, it is proposed that UE should perform CSI-RS measurement. UE measurement procedure is described in section 5.5.3 of TS38.331 specification, and hence UE behavior on CSI-RS measurement with/without associated SSB should be described in the section.
Proposal 6
· If CSI-RS resource is not configured with one associated SSB, UE should perform RRM measurement on CSI-RS with and without the detection of cell ID.
C-DRX UE’s assumption on CSI-RS reception 
At the last RAN1 meeting, C-DRX UE’s assumption on CSI-RS reception was discussed and there was no consensus on following two alternatives [2].

	· 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: LGE, Intel

· 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.

· Supported by: Huawei, Ericsson, Nokia, CATT


Similar as LTE, we think UE configured with C-DRX should not measure CSI-RS resources for L3 mobility transmitted outside the active time. In that case, 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. 
Proposal 7
· 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.
· UE configured with C-DRX should not assume that configured CSI-RS resources for L3 mobility are transmitted outside the active time.
4. Conclusion 

In this contribution, we discussed on remaining issues on measurement and configuration for mobility management. Based on the discussion, we made following proposals. 

Proposal 1

· {1, 3, 7, 11} are supported as candidate ending symbol positions for the configured slots for RSSI time-domain measurement resource configuration.

· Send LS to RAN2 to inform supported ending symbol positions so that they will be captured in RRC protocol specifications.
Proposal 2

· Default RSSI time-domain measurement resource follows the definition in RAN4 LS, which is as follows.

· 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)
Proposal 3

· In Rel-15, different measurement BW for SS-RSSI than for SS-RSRP is supported. 
· It is up to UE implementation to measure SS-RSSI in wider BW than the SSB BW confined within a carrier BW.
Proposal 4
· When UE performs intra-frequency measurement outside measurement gap,

·  For sub 6GHz, 
· If UE is not capable of simultaneous reception of different numerologies while SSB SCS is different from data SCS in asynchronous NW, UE is not expected to receive PDCCH/PDSCH within SMTC window.
· If UE is not capable of simultaneous reception of different numerologies while SSB SCS is different from data SCS in synchronous NW, UE shall assume the rate matching is performed around the SSB symbols to be measured for serving/neighbor cells.

· If UE is capable of simultaneous reception of different numerologies or SSB SCS and data SCS are the same, UE shall assume the rate matching is performed around the REs reserved by SSBs of serving cell.

· For above 6GHz, UE shall assume the rate matching is performed around SSB symbols to be measured for serving/neighbor cells.
· In case of intra-band DL CA with sharing the same analogue Rx beamforming, UE shall assume the rate matching is also performed around SSB symbols to be measured for serving/neighbor cells on other aggregated CCs.
Proposal 5: UE shall not assume that SSBs with same block index on different frequency locations are quasi-colocated.

Proposal 6
· If CSI-RS resource is not configured with one associated SSB, UE should perform RRM measurement on CSI-RS with and without the detection of cell ID.
Proposal 7
· 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.
· UE configured with C-DRX should not assume that configured CSI-RS resources for L3 mobility are transmitted outside the active time.
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Annex
	Definition
	Secondary synchronization signal reference signal received quality (SS-RSRQ) is defined as the ratio of N×SS-RSRP / NR carrier RSSI, where N is the number of resource blocks in the NR carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

NR carrier Received Signal Strength Indicator (NR carrier 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 measurement time resource(s) for NR Carrier RSSI are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.
If higher-layers indicate certain measurement time resource(s), then NR Carrier RSSI is measured from the indicated OFDM symbols of the indicated slots. Otherwise, NR Carrier RSSI is measured over time duration TRSSI, which 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)
If higher-layers indicate certain SS/PBCH blocks for performing SS-RSRQ measurements, then SS-RSRQ is measured only from the indicated set of SS/PBCH block(s).

For frequency range 1, the reference point for the SS-RSRQ shall be the antenna connector of the UE. For frequency range 2, NR Carrier RSSI shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch, where the combining for NR Carrier RSSI shall be the same as the one used for SS-RSRP measurements. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SS-RSRQ value shall not be lower than the corresponding SS-RSRQ of any of the individual receiver branches.

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,

RRC_INACTIVE intra-frequency,
RRC_INACTIVE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


