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1. Introduction

At the RAN4 NR-AH1801 meeting, the UE behavior during intra-frequency measurement without gap was discussed. Based on the extensive discussion during the meeting, following proposal was agreed and LS to inform the agreement regarding intra-frequency measurement on NR SCell was sent to RAN2 [1-3].
	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

· 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


There are some remaining issues related to the agreed proposal. In this contribution, we present our views on such remaining issues including value of “X”, synchronization accuracy ensured by useServingCellTimingForSync, UE behaviour during intra-frequency measurement in case of inter-band CA, and necessity of additional condition for disabling intra-frequency measurement on NR SCell.
2. Discussion
Value of “X”
According to the discussion at the last meeting, majority of companies said that X = 1 should be fine. The numerology switching at UE not capable of simultaneous reception of mixed numerology and analogue Rx beam switching in FR2 should be very fast. X = 1 symbol before/after consecutive SSB symbols may not be available just due to received SSB timing difference between serving cell and neighbour cells. All other symbols within SMTC should be available for data transmission/reception for spectrum efficiency and user throughput since additional margin before/after consecutive SSB symbols would help for nothing.
Proposal 1:

· For agreed proposal in R4-1801088, the value of X is one.
Synchronization accuracy ensured by useServingCellTimingForSync
As in the agreed proposal in R4-1801088, RAN4 needs to check if cell synchronization accuracy complies with cell phase synchronization requirement in TS 38.133 when useServingCellTimingForSync is enabled. According to the RAN1 agreement on useServingCellTimingForSync, the purpose of this indication to identify an index of neighbor cell’s SSB without performing PBCH-DMRS detection and PBCH reading. So, once useServingCellTimingForSync is enabled, UE will identify index of detected SSBs based on serving cell timing.
The cell phase synchronization requirement in TS 38.133 is [3] us, and there is on-going discussion on whether the requirement needs to be changed for FR2 or not. However, we think that even if synchronization requirement of 3 us is kept for FR2, UE can identify SSB index for neighbor cells based on serving cell timing since one SSB has four symbols duration, i.e., 3 us is short enough compared with four symbols duration even based on 240 kHz SCS.
Proposal 2:

· When useServingCellTimingForSync is enabled, cell synchronization accuracy complies with cell phase synchronization requirement in TS 38.133.
UE behaviour during intra-frequency measurement in case of inter-band CA

In the agreed proposal in R4-1801088, for intra-band CA case, performing intra-frequency measurement on any one of CCs will make data reception/transmission on all CCs unavailable assuming that analogue Rx beam restriction and mixed numerology restriction are commonly applied to at least intra-band CCs. For inter-band CA case in FR2, RAN4 should discuss on the baseline assumption regarding antenna sharing, i.e., whether the same antennas are used for different bands or not. If the baseline assumption is antenna sharing between bands in FR2, UE behaviour defined for intra-band CA case should also be applied to inter-band CA case. Otherwise, no specific restriction is defined for inter-band CA case. For inter-band CA in FR1, if UE is not capable of simultaneous reception of SSB and data with different SCS, the UE may not support NR CA with different numerology. Assuming that, we can focus on the case where data SCS is the same for all CCs in inter-band CA. In such case, we think UE behaviour defined for intra-band CA case should also be applied to inter-band CA case, i.e., performing intra-frequency measurement on a CC will make data reception/transmission on all CCs unavailable if SCS between SSB to be measured on the CC is different from SCS for data on all CCs and UE is not capable of simultaneous reception of SSB and data with different SCS.
Proposal 3:

· For inter-band CA in FR1, the agreed proposal in R4-1801088 for intra-band CA in FR1 is applied.
· For inter-band CA in FR2, whether the agreed proposal in R4-1801088 for intra-band CA in FR2 is applied or not should be discussed based on baseline assumption regarding antenna sharing between different bands at UE.

Necessity of additional condition for disabling intra-frequency measurement on NR SCell
At the last meeting, signalling to enable/disable intra-frequency measurement on NR SCell frequency was agreed. In NR, the intra-frequency measurement on SCell frequency would cause some negative impacts in some cases such as measurement delay for intra-frequency measurement on PCell/PSCell (if SMTC of PCell/PSCell and SMTC of SCell are fully overlapped) and data reception restriction on PCell/PSCell (if it is intra-band CA in FR2 or UE is not capable of simultaneous reception of SSB and data with different SCS). Therefore, disabling intra-frequency measurement on NR SCell frequency is beneficial in such cases. During the discussion at the last meeting, whether additional condition(s) for disabling intra-frequency measurement on NR Scell is/are defined or not was discussed. In our view, basically specifications should not define conditions of signaling applicability, i.e., signaling applicability should be up to network operation. 
Proposal 4:

· No additional condition for disabling intra-frequency measurement on NR Scell is defined.
3. Conclusion 

In this contribution, we presented our views on remaining issues regarding UE behaviour during intra-frequency measurement without gap. Based on the discussion, we made following proposals. 
Proposal 1:

· For agreed proposal in R4-1801088, the value of X is one.

Proposal 2:

· When useServingCellTimingForSync is enabled, cell synchronization accuracy complies with cell phase synchronization requirement in TS 38.133.

Proposal 3:

· For inter-band CA in FR1, the agreed proposal in R4-1801088 for intra-band CA in FR1 is applied.

· For inter-band CA in FR2, whether the agreed proposal in R4-1801088 for intra-band CA in FR2 is applied or not should be discussed based on baseline assumption regarding antenna sharing between different bands at UE.

Proposal 4:

· No additional condition for disabling intra-frequency measurement on NR Scell is defined.

References
[1] 3GPP RAN4 NR-AH1801, Chairman’s note, Jan. 2018.
[2] R4-1801088, NTT DOCOMO, INC., “Way forward on UE behavior during measurement outside measurement gap,” Jan. 2018.
[3] R4-1801307, NTT DOCOMO, INC., “LS for intra-frequency measurement on NR SCell,” Jan. 2018.
