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1 Introduction
RAN4 has completed the UE RRM requirements for the support of NSA option 3 (EN-DC) in RAN4#85. However, due to time limit, some core requirements are still open. 

One issue is for intra-frequency measurement with mixed numerology and/or Rx beamforming, for which RAN4 did not reach the agreement so far. What is specified in current section 9.2.1 of 38.133 are:
	The UE can perform intra-frequency SSB based measurements without measurement gaps under the following conditions:

-
the SSB is completely contained in the downlink operating bandwidth of the UE, and;

-
the SSB has the same subcarrier spacing as the downlink data transmission to the UE, and;

-
the UE is measuring on FR1;

-
the serving cell data transmissions to the UE have the same subcarrier spacing as the SSB to be measured

Editor’s note: The need or otherwise for measurement gap to perform measurements on FR2 where the UE may need to perform RX beamforming or when serving cell data transmissions to the UE have a different subcarrier spacing as the SSB to be measured is FFS.


In this paper, we will provide our views on the intra-frequency measurement with mixed numerology and/or Rx beamforming. 
2 Discussion
2.1 Intra-frequency measurement with mixed numerology and/or Rx beamforming
This issue has been extensively discussed in RAN4#85 based on [1], and there are mainly 3 options on the table:
· Gap based solution: network always configures measurement gaps and ensures gaps and SMTC windows for intra-frequency are aligned, and UE assumes all symbols in the gaps are not available for UL/DL data

· SMTC based solution: network does not need to configure measurement gaps but only SMTC windows for intra-frequency, and UE assumes all symbols in the SMTC window are not available for UL/DL data
· SSB based solution: network does not need to configure measurement gaps but only SMTC windows for intra-frequency, and UE assumes symbols indicated for SSB based measurement are not available for UL/DL data
· 3a) UE assumes symbols indicated for SSB based measurement plus X symbols before and after the SSB symbols are not available for UL/DL data
· 3b) UE assumes symbols in slots containing SSB for measurement are not available for UL/DL data
During the online and offline discussions, some factors to be considered when determining the solution were raised by companies. They are summarized below:

1) UE capability 

2) RSSI measurement

3) Difference in transmit timing and propagation delay 

4) Rate matching around SSBs in a slot

In general, it is desirable to minimize the data interruption time due to intra-frequency measurement. The order of different options in terms of interruption time is 1 > 2 > 3b > 3a > 3.

The problem of option 3 is that the UE receive timing from different cells on the same carrier frequency could be different, even when useServingCellTimingForSync is signaled. It should be noted that useServingCellTimingForSync is to indicate whether the UE can utilize serving cell timing to derive the index of SS block transmitted by neighbor cell, but there could still be transmit timing difference (which can be up to 3us) and propagation delay difference (which may be non-negligible since measured cell may be far from the serving cell) which can result in UE receive timing difference. If UE only assumes SSB symbols based on serving cell timing for measurement, it may miss part of SSB symbols from neighbor cells. Therefore, we do not think option 3 can work in practice. 
Observation 1: Option 3 does not work in practice considering the receiving timing difference.

Option 3a can in general work as long as X can provide enough margin for possible receive timing difference. One potential problem of this option is the rate matching for PDSCH. RAN1 has introduced the rate matching around SSB symbols so that PDSCH can be scheduled in a slot containing SSB. However, to support option 3a, BS and UE will have to support PDSCH rate matching around SSB symbols plus X symbols before and after, and this needs to be first discussed in RAN1 before RAN4 can assume UE can use the remaining symbols in the slot for PDSCH.
Observation 2: Option 3a requires additional rate matching behavior which has RAN1 impact.

Option 3b can also work in practice and does not have not the new rate matching behavior as in option 3a. Therefore our preference is to use option 3b as the basic solution for intra-frequency measurement with mixed numerology and/or Rx beamforming. 
Observation 3: Option 3b is suitable as basic solution for intra-frequency measurement with mixed numerology and/or Rx beamforming.

Of course, as discussed in RAN4#85, when UE is configured perform RSRQ/RSSI measurement on intra-frequency carrier in FR2, depending on configuration, the whole SMTC may be used for measurement, thus not available for UL/DL data. In this case, option 2 would be the suitable solution.  
Observation 4: Option 2 should be used when UE is configured perform RSRQ/RSSI measurement on intra-frequency carrier in FR2.

During RAN4#85 some companies commented that with some implementation it may take up to 250us for UE to switch the Rx beam. For such UEs, it seems inevitable but to use option 1 for intra-frequency measurement in FR2, since the switching time is already same as assumed RF re-tuning time in FR2. In addition, UE capability as proposed in [1] should be defined to differentiate UEs capable or incapable of fast Rx beam switching.  
Observation 5: Option 1 should be used when UE is configured to perform intra-frequency measurement on FR2 but cannot support fast Rx beam switching.
Based on above observations, we have the following proposals.

Proposal 1: For intra-frequency measurement (without RF re-tuning) with mixed numerology in FR1, UE assumes symbols in slots containing SSB for measurement are not available for UL/DL data.
Proposal 2: For intra-frequency measurement (without RF re-tuning) in FR2, 
· If UE cannot support fast beam switching, it assumes measurement gaps will be configured by network UE 
· Else, if UE is configured to perform RSRQ/RSSI measurement, it assumes all symbols in the SMTC window are not available for UL/DL data

· Else, UE assumes symbols in slots containing SSB for measurement are not available for UL/DL data    
3 Conclusions 

In this paper, we provided our views on the use of measurement gaps for intra-frequency measurement. 
Specifically, we have the following proposals.

Proposal 1: For intra-frequency measurement (without RF re-tuning) with mixed numerology in FR1, UE assumes symbols in slots containing SSB for measurement are not available for UL/DL data.

Proposal 2: For intra-frequency measurement (without RF re-tuning) in FR2, 

· If UE cannot support fast beam switching, it assumes measurement gaps will be configured by network UE 

· Else, if UE is configured to perform RSRQ/RSSI measurement in FR2, it assumes all symbols in the SMTC window are not available for UL/DL data
· Else, UE assumes symbols in slots containing SSB for measurement are not available for UL/DL data
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