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1. Introduction

In RAN4 #84bis meeting RAN4 progress has been made on the issues of measurement gaps. 6 measurement gap lengths (MGL) and 4 measurement gap repetition periods are introduced in NR:
	For UE supports single and per UE gap, three MGL are introduced, 6ms, [4]ms and 3ms

For UE support independent gap for FR1/2, the following MGL are introduced

· FR1 measurement objects: 6ms, [4]ms and 3ms
· FR2 measurement objects: 
· With FR1/LTE serving cell only: 6ms, [4]ms and 3ms
· With FR2 serving cell: 
· If identical gap is configured for both FR1 and FR2: 6ms, [4]ms, 3ms, 
· If independent gap is configured for FR1 and FR2:[1+x] ms, [2.25+x] ms, [5+x]ms
· Note: x is defined based on RF switching time and TBD in RAN4#85
· Non-NR-capable UE does not need to support new gap other than 3ms or 6ms
Four MGRP to be introduced: 20ms, 40ms, 80ms and 160ms for NSA and SA NR UE
· If non-NR measurement objects are configured, 160ms MGRP should not be used
· FFS: 40ms MGRP LTE requirements will apply if 20ms MGRP common gap is configured
· Use of 20ms MGRP configured by LTE PCell needs update to gap pattern IDs supported in 36.133
· For UE not supporting NR, both 20ms and 160ms should not be configured 


On the other hand, there is no consensus on the usage of measurement gap for intra-frequency measurements. The agreements are reproduced below:
	RAN4 is still discussing if gap or other mechanism is used for

· Intra-frequency measurements within the active BW part on FR2 due possible RX beamforming
· Intra-frequency measurements within the active BW part with a different numerology between data/control and SS block

To do in RAN4#85: study mechanisms on how to handle intra-frequency with no RF-retuning in both FR1 and FR2
It shall be assumed in release 15 that all UE are not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on FR2 serving cells during FR2 intra-frequency measurements, i.e. no capability is needed

For UE not supporting mixed numerology scenarios in FR1 and FR2, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH for intra-frequency measurement without RF-retuning


So in this contribution we further discuss remain issues on the measurement gap for intra-frequency measurements in NR.
2. Discussion

2.1. Discussion on remain issues of measurement gap for intra-frequency measurement
In Dubrovnik meeting companies had a detailed discussion on the conditions in which a SSB based intra-frequency measurement would need a measurement gap. Some conditions are agreed but there are still some conditions left for decision in RAN4 85. In the following section we will give our opinions on these conditions.
· 1. Intra-frequency measurements within the active BW part on FR2 due possible RX beamforming
For millimetre waves, it is generally assumed that Rx beamforming will be applied at UE. Although the SSB of the target cell and the SSB of the serving cell indicated for measurement have the same centre frequency and the same SCS, the Rx beam for the SSB of the target cell and the Rx beam for the data transmission of the serving cell may be different. In this case, UE needs to switch the beam direction to the SSB of the target cell for measurement.  As a result, an interruption of the data transmission of the serving cell is caused. So the measurement gap is necessary. So we propose:
Proposal 1：Depending on UE’s capability, measurement gap is always needed for intra-frequency measurement of mmWave carriers.
· 2. Intra-frequency measurements within the active BW part with a different numerology between data/control and SS block
It is proposed above that measurement gap is always needed for intra-frequency measurement of mmWave carriers. Furthermore, it is already agreed in Dubrovnik meeting that:

· Measurement of intra frequency NR cells needs gap if the intra frequency SS burst is not within the UEs active bandwidth part and hence the UE needs to perform RF retuning

· For UE not supporting mixed numerology scenarios in FR1 and FR2, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH for intra-frequency measurement without RF-retuning.
So we we focus on the measurement for intra-frequency SSB within active BWP in FR1 here.
For sub-6GHz, although it is generally believed that the UE will use the omni-directional antenna for reception, but if Rx beamforming is used, measurement gap is always needed due to the same reason as the mmWave case. 
When omni-directional antenna is used, UE can sample the transmitted signal of the serving cell on the entire carrier to collect both SSB and non-SSB signal. Then UE can deal with SSB and non-SSB signal in two different ways. One way is that UE stores the samples in buffer and processes SSB REs and non-SSB REs sequentially. Another way is that UE equips multiple FFT units then SSB REs and non-SSB REs can be processed in parallel. Thus in principle, depending on UE’s capability, intra-frequency measurement can be evaluated without measurement gap when SSB RE and non-SSB RE in the same OFDM symbols of serving cell have different SCS. 
Proposal 2: Depending on UE’s capability, intra-frequency measurement can be evaluated without measurement gap when SSB RE and non-SSB RE in the same OFDM symbols of serving cell have different SCS if omni-directional antenna is used at UE.
· 3. If measurement gap is needed if SCS of target cell SSB and collided serving cell non-SSB RE are different
The third issue is similar with the second one. So it is feasible that measurement gap is not needed when SCS of target cell SSB and collided serving cell non-SSB RE are different. 
Proposal 3: Depending on UE’s capability, intra-frequency measurement can be evaluated without measurement gap when SCS of target cell SSB and collided serving cell non-SSB RE are different if omni-directional antenna is used at UE.
3. Conclusion

In this contribution we we further discuss remain issues on the measurement gap for intra-frequency measurements in NR. After discussion the following conclusions are made:

Proposal 1：Depending on UE’s capability, measurement gap is always needed for intra-frequency measurement of mmWave carriers.
Proposal 2: Depending on UE’s capability, intra-frequency measurement can be evaluated without measurement gap when SSB RE and non-SSB RE in the same OFDM symbols of serving cell have different SCS if omni-directional antenna is used at UE.
Proposal 3: Depending on UE’s capability, intra-frequency measurement can be evaluated without measurement gap when SCS of target cell SSB and collided serving cell non-SSB RE are different if omni-directional antenna is used at UE.
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