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Introduction
UE measurement capabilities in NR was discussed widely in last RAN4 #83 NR ad-hoc meeting [1]. However, little progress was made in this topic since the definitions of intra/inter frequency measurement are not clear. In this contribution, we provide discussion on the impact of potential intra-frequency measurement gap on the measurement capability.
Discussion
In our companion contribution [2] we propose the definitions of intra and inter-frequency measurement. In summary, whether it is an intra-frequency scenario depends on whether the same SS burst set of two cells share the same carrier frequency:
[bookmark: _Ref485119358]Intra-frequency neighbour (cell) measurements and inter-frequency neighbour (cell) measurements in NR are defined as follows:
· Intra-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are intra-frequency measurements when the current and target cell has at least one SS burst set transmitted on the same carrier frequency.
· Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when all the SS burst set(s) from neighbour cell is/are transmitted on the different carrier frequency, compared to the current cell.
For mobility purpose, UE needs to monitor neighbor cells under indicators from network, i.e. UE in idle and inactive mode would perform neighbor cells measurement according to the neighbor cell list in system information, whilst UE in connected mode would follow the measurement object configured by network, in which the EARFCN of neighbor cells are indicated. According to the EARFCN and synchronization signal raster (can be indicated or predefined), UE would perform cell search and measurement on the specific carrier frequency. 
As can be seen in [2], there are quite a lot of scenarios denoted as intra-frequency scenarios whilst measurement gap is also needed. If we aim to guarantee the efficiency of serving cell and inter-frequency mobility performance, we need to be careful about the total number of inter-frequency measurement for these scenarios. UE will perform inter-frequency measurement in sequence. So the measurement period for each frequency will be scaled by the number of inter-frequency UE is requested to monitor. Therefore, increasing the number of inter-frequency will lead to longer measurement period and result in poor mobility performance, e.g. handover failure rate would be increased.
[bookmark: _Ref485650515]Observation 1: even for UE with omni directional antenna, there are also scenario where UE may require gap for intra-frequency measurements.

On the other hand, UE beamforming may be utilized at mmWave scenario due to severe couple loss, which may have impact on intra-frequency measurement. [3] gave an example that once UE performs measurement on intra-frequency neighbor cell, UE needs to switch its Rx beam to aim for the target cell. Meanwhile, without beamforming gain UE may not be able to receive data from serving cell. In this case, network somehow needs to provide measurement windows to the UE for intra-frequency neighbor cells measurement. During these measurement windows, similar with intra-frequency measurement gap, UE cannot be scheduled.


Figure 1 intra-frequency measurement for neighbor cell
Actually, UE may need measurement gaps not only for intra-frequency neighbor cells, but also for serving cell. The reason is the beam pair would change from time to time due to UE mobility. Thus in beam management procedure UE needs to monitor the quality/power of serving beam and candidate beam(s), once block occurs for serving beam or candidate beam become better than the serving one, a new pair will be set up. During this procedure UE also needs gaps to sweep its Rx beams to check whether the current Rx beam is the best one.


Figure 2 UE Rx beam sweeping
[bookmark: _Ref485119386]Observation 2: UE with Rx beamforming may need gaps for intra-frequency measurement for serving and neighbor cells.
In last RAN1#89, it was agreed that the transmission of SS blocks within SS burst set is confined to a 5 ms window:
	Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements


Therefore the MGL (measurement gap length) could be:
For intra-frequency measurement: MGLintra = 5ms + 2*Tbeam_sweeping + Tpropagation
[bookmark: OLE_LINK3]For inter-frequency measurement: MGLinter = 5ms + 2*TRF_switching + Tpropagation
Where:
[bookmark: OLE_LINK4]Tbeam_sweeping is the time needed for UE to change the direction of Rx beam. TRF_switching is the used for UE to adjust its working carrier frequency. Tpropagation is the propagation delay difference between the serving and target cells (Tpropagation could be zero when the gap is used for serving cell measurement). The detailed analysis of measurement gap in NR is covered by our companion contribution in [4]. Note that both Tbeam_sweeping and TRF_switching are symbol level time duration. And Tpropagation is 33us considering 10km cell radius. Thus 5 ms windows of SS blocks transmission is the major factor of MGL. It can be observed that the MGL for intra and inter frequency are comparable.
[bookmark: _Ref485119393]Observation 3: MGL for intra and inter frequency are comparable.
Therefore the gap may be shared by both intra and inter frequency measurement. Thus the reduction of inter-frequency measurement capability should be considered if we try to keep the efficiency of serving cell and inter-frequency mobility performance.
[bookmark: _Ref485119400]Observation 4: RAN4 should consider reducing the inter-frequency measurement capability for the UE with Rx beamforming, for which the gap may be used for intra-frequency measurement as well.
However, there should not be such limitation for the UE with omni-directional antenna, e.g. at low carrier frequency range. Therefore, RAN4 may need to consider whether to define different inter-frequency measurement capability for UE with or without beamforming.
[bookmark: _Ref485119410]Proposal 1: RAN4 may need to consider different inter-frequency measurement capability requirements for the UE with/without beamforming.

Conclusion
In this contribution we provide some analysis on the impact from SS burst set carrier frequency and UE beamforming on the measurement capability. After discussion, the following conclusions are made:
Observation 1: even for UE with omni directional antenna, there are also scenario where UE may require gap for intra-frequency measurements.
Observation 2: UE with Rx beamforming may need gaps for intra-frequency measurement for serving and neighbor cells.
Observation 3: MGL for intra and inter frequency are comparable.
Observation 4: RAN4 should consider reducing the inter-frequency measurement capability for the UE with Rx beamforming, for which the gap may be used for intra-frequency measurement as well.
Proposal 1: RAN4 may need to consider different inter-frequency measurement capability requirements for the UE with/without beamforming.
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