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1 Introduction
In last meeting, the core requirement for FR2 related Rx beam sweeping is still open. In this contribution, we provide analysis and our views on UE Rx beam operation for RRM measurements.
2 Discussion
One of open issues for RRM core requirements in FR 2 is scaling value related Rx beam sweeping. RAN4 considers two options such as 4 and 8 for scaling value. Even though Rx beam operation is UE implementation issue, the number of Rx beam for neighbour cell measurement should be considered to define core requirements. Depending on UE implementation, the different number of Rx beams could be applied to receive signals from serving and neighbour cells. For example, UE can use smaller or equal number of Rx beams for neighbour cell measurements than that of serving cell considering measurement delay, power consumption, spherical coverage, and so on. 
Following subsection, we provide expected observations according to UE Rx beam operation. For these analysis, following assumptions are used, and the number of Rx beam are considered 4 and 8 which are listed in RAN4 option.
· One antenna panel supports at most 4 Rx beams.

· 8 Rx beams are used for serving cell with two antenna panels

· 2 or 4 Rx beams per antenna panel are used for neighbour cell measurements (Rx beam using 2 Rx beams per antenna panel is wider than that using 4 Rx beams per antenna panel)
2.1 Analysis of Rx beam operation for neighbour cells
Small number of Rx beams for neighbour cells’ measurement

· Case 1: In case of using 4 Rx beams with 1 antenna panel, UE measures SSBs of neighbour cells by sweeping 4 Rx beams within SMTC window duration as shown in Figure 1. 
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Figure 1 example of 4 Rx beams operation with 1 antenna panel
· Rx beam gain: Rx beam gain for serving and neighbour cells is the same due to using same Rx beam width. 

· RSRP/RSRQ: Equivalent comparison is possible since Rx beam gain is the same.
· Tx/Rx control and data: Within SMTC window duration, UE can transmit or receive control/data channel using the Rx beam with activated antenna panel as shown in Figure 1 -②. If the selected Rx beam for transmission and reception of control/data channel is in off antenna panel, UE need to turn on the other antenna panel beforehand as shown in Figure 1-①.
· Power consumption: UE could only single antenna panel in SMTC widow duration, so UE can save power consumption.
· Measurement time: Due to sweeping 4 Rx beams, measurement time using 4 Rx beams would be less than that using 8 Rx beams.

· Spherical coverage: Since UE use only single antenna panel for neighbour cells’ measurement, the coverage to monitor neighbour cells would be reduced in comparison with using 2 antennal panels. So, it could be impact on the number of cells and beams for UE measurement capability. 
· Case 2: In case of using 4 Rx beams with 2 antenna panels (2 Rx beams per 1 antenna panel), UE measures SSBs of neighbour cells by sweeping 4 Rx beams within SMTC window duration as shown in Figure 2.
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Figure 2 Example of 4 Rx beams operation with 2 antenna panels
· Rx beam gain: Rx beam gain for neighbour cells is smaller than that for serving cell due to using wide Rx beam. 

· RSRP/RSRQ: Equivalent comparison might not be possible since Rx beam gain when measuring RSRP/RSRQ for serving and neighbour cells could be different. FFS is whether there is impact on using different Rx beam gain when measuring RSRP/RSRQ of serving and neighbour cells.
· Tx/Rx control and data: Within SMTC window duration, when UE transmits or receives control/data for serving cell, UE can transmit or receive control/data channel using the wide Rx beam as shown in Figure 1 -②. In this case, the performance of transmission and reception could be impact due to worse link quality. If UE changes from wide beams to narrow beams (8 Rx beams), there might be no performance impact for transmission and reception of control/data for serving cell as shown in Figure 1-①. In this case, FFS is whether 1 symbol is sufficient time to change from wide beam to narrow beam for serving cell control/data. 
· Power consumption: UE needs to handle two antenna panels, so power consumption could be increased (in comparison with using single antenna panel).
· Measurement time: Due to sweeping 4 Rx beams, measurement time using 4 Rx beams would be less than that using 8 Rx beams.

· Spherical coverage: Larger spherical coverage would be supported than Case 1. 
Equal number of Rx beams for neighbour cells’ measurement
· Case 3: In case of using 8 Rx beams with 2 antenna panels (4 Rx beams per 1 antenna panel), UE measures SSBs of neighbour cells by sweeping 8 Rx beams within SMTC window duration as shown in Figure 3.
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Figure 3 Example of 8 Rx beams operation with 2 antenna panels
· Rx beam gain: Rx beam gain for serving and neighbour cells is the same due to using same Rx beam width. 

· RSRP/RSRQ: Equivalent comparison is possible since Rx beam gain is the same.

· Tx/Rx control and data: Within SMTC window duration, there might be no performance and beam operation impact for transmission or reception of control/data channel for serving cell.
· Power consumption: UE needs to handle two antenna panels, so power consumption could be increased (in comparison with using single antenna panel)

· Measurement time: Due to sweeping all 8 Rx beams, measurement time using 8 Rx beams would be longer than that using 4 Rx beams.

· Spherical coverage: Larger spherical coverage would be supported.
Figure 4 shows the normalized Rx antenna gain for Case 1, 2, and 3. Case 1 provide high gain, but poor spherical coverage is observed. Case 3 using 8 Rx beams provides high gain and better spherical coverage than other cases.
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Figure 4 Normalized Rx antenna gain for Case 1, 2, and 3
As above observations according to different Rx beam operations, RAN4 needs to carefully decide the scaling value related Rx beam sweeping for core requirements, and all observations are summarized in Table 1.
Table 1 Summary of observations for case 1, 2, and 3

	
	Case 1
	Case 2
	Case 3

	RSRP/RSRQ
	Equivalent comparison is possible
	Equivalent comparison might not be possible
	Equivalent comparison is possible

	Tx/Rx control and data
	No impact 
(Might need to turn on the other antenna panel)
	Could be impact on performance
	No impact

	Power consumption
	Could be reduced
	Higher than case 1
	Higher than case 1

	Measurement time
	Shorter than case 3
	Shorter than case 3
	Longer than case 1/2

	Spherical coverage
	Less spherical coverage than case 2/3
	Larger spherical coverage
(a little less than Case 3)
	Larger spherical coverage


From the number of cells/SSBs to be monitored and scheduling availability of UE performing measurement perspective in current TS38.133 specification, UE shall be capable of monitoring at least [6] cells / [24] SSB for intra-frequency layer and UE should be able to transmit or receive control/data channel on symbols where there is no SSB to be measured within SMTC window duration. 
For the number of monitoring cells/SSB, using single antenna panel for neighbour cell measurements of Case 1 could be challenged to monitor large number of cells and SSB due to poor spherical coverage. 
In Case 2, UE can transmit or receive control/data channel by scheduling availability. However, if wide beam operation for control/data channel of serving cell is applied, the performance might be degraded due to lower Rx beam gain. To avoid the performance degradation, additional [x] symbol would be required to change from wide beam to narrow beam for control/data channel of serving cell (e.g. x= 1), or low modulation order for data needs to be considered within SMTC widow duration.
· Observation 1: From spherical coverage and Tx/Rx performance perspective, high number of Rx beams are required such as Case 3.

· Observation 2: From measurement time perspective, small number of Rx beams such as Case 2 could be reasonable if additional symbol(s) to change Rx beam configuration or performance relaxation for Tx/Rx of data channel is considered, or using low MCS level for data within SMTC window duration is considered. 
Based on observations, we propose scaling value related Rx beam sweeping for core requirements as follows:
· Proposal 1: The scaling value related Rx beam sweeping should be considered by 8 (=N1, N3)

Alternatively, 

· Proposal 1a: The scaling value related Rx beam sweeping should be considered by 4 (=N1, N3) if following conditions are available 

· consider additional symbol(s) to change Rx beam configuration for scheduling availability, or 

· consider performance relaxation for Tx/Rx of data channel within SMTC window duration, or
3 Conclusion 
In this contribution, we provide analysis according to different Rx beam operation by UE implementation and see some observations as follows:
· Observation 1: From spherical coverage and Tx/Rx performance perspective, high number of Rx beams are required such as Case 3.

· Observation 2: From measurement time perspective, small number of Rx beams such as Case 2 could be reasonable if additional symbol(s) to change Rx beam configuration or performance relaxation for Tx/Rx of data channel is considered, or using low MCS level for data within SMTC window duration is considered. 

Based on observation, we propose
· Proposal 1: The scaling value related Rx beam sweeping should be considered by 8 (=N1, N3)

Alternatively, 

· Proposal 1a: The scaling value related Rx beam sweeping should be considered by 4 (=N1, N3) if following conditions are available 

· consider additional symbol(s) to change Rx beam configuration for scheduling availability, or 

· consider performance relaxation for Tx/Rx of data channel within SMTC window duration, or

4 Reference
_1590931479.vsd
SMTC periodicity


SMTC


data


SSB periodicity


data


Serving cell


Neighbor cell


SSB


SSB


SSB


data


1


2


time


SSB



_1590934572.vsd
SSB periodicity


SMTC


data


data


SSB periodicity


data


data


data


Serving cell


Neighbor cell


time


SSB


SSB


SSB


SSB


SSB



_1590928348.vsd
SMTC periodicity


SMTC


data


SSB periodicity


data


Serving cell


Neighbor cell


SSB


SSB


SSB


data


1


2


time


SSB



