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1 Introduction
At its last meeting RAN5 sent the LS [1] about multi-panel requirements and testing:
RAN5 respectfully asks RAN4 to advise RAN5 which requirements might be expected to vary on a per panel basis and which are sufficient to validate at only one direction. Also, RAN5 respectfully asks RAN4 to review the “Assumed metric” specified in Table 1 in R5-180091 (copied in the appendix below) and finalize the metrics. 
The reason for this LS is that in the FR1 conducted requirements domain, every temporary antenna connector was tested. In the FR2 radiated requirements domain it is no longer the case that testing will evaluate the performance of each UE antenna panel as was the case with each temporary antenna connector. This has implications on test coverage and test design which need to be resolved.

2 Analysis
RAN5 used [2] as a list of requirements, copied in Appendix A for convenience. There are some requirements such as EIRP spherical coverage where it is highly likely all UE antenna panels will be tested. There are however other requirements which may only be measured in the peak EIRP or peak EIS direction. For such requirements, the performance of the untested UE antenna panels remains unknown, which is a departure in test coverage from the conducted domain where each temporary antenna connector was subject to the entire list of requirements.
An example might be that one panel has higher Tx impairments and lower peak EIRP than another panel. In this example, the EVM and other requirement s such as ACLR would not be evaluated leading to lower test coverage and confidence the UE wil perform to minimum requirements in all directions.

It would not be efficient to measure all requirements on all panels since some requirements can be consider dot be independent of antenna panel, such as frequency error or timing error requirements. However, there are many requirements that wil be influenced by the RF front end and antenna design associated with each antenna panel. For such requirements it must be decided what performance might be expected to vary per panel and how to ensure sufficient test coverage.

A brute force solution would be to measured using a sampling grid that would guarantee each antenna panel is covered, however this would seem to b=e very inefficient. A second option would be to identify through vendor declaration the number and boresight direction of each antenna panel on the UE and carry out essential test only at those specific UE orientations. This is much more efficient but requires vendor declaration.

A third possibility might be that once the critical requirements that might be expected to vary by antenna panel are identified, that, if possible, additional measurements are made as part of existing test procedures such as EIRP spherical coverage without making significant additions to overall test time
3 Conclusions
RAN4 needs to study the list of requirements in Annex A and decide which of them are likely to vary by UE antenna panel RAN5 can then decide on how best to ensure sufficient test coverage which would likely be adding tests to existing spherical coverage requirements or by performing essential tests at known UE orientations identified through vendor declaration.
A draft LS response is provided in [3].
4 References
[1] R4-1801145, Keysight Technologies, “LS to RAN WG4 on OTA test coverage for multi-panel UEs at FR2”
[2] R5-1800091 Anritsu “Consideration on the FR2 TRx test procedure”

[3] R4-1802234 Keysight Technologies “Reply LS to RAN5 on OTA test coverage for multi-panel UEs at FR2”

5 Appendix A
From R5-180091

Table 1 Link Direction and Metric for each TRx tests
	Category
	Title
	Metric
(Range 2 / OTA)
( 38.803 )
	Assumed Link Direction
	Assumed Metric

(Using expression in R4-1714018)

	TX
	Transmitter Maximum Output Power
	EIRP CDF
	All sphere
	EIRP (Link=Girds over all sphere, Meas=Link angle)

	
	
	TRP
	TRP : 100%-tile EIRP CDF
	TRP (Link=100%-tile EIRP CDF)

	TX
	Maximum Power Reduction (MPR)
	EIRP
	100%-tile EIRP CDF
	EIRP(Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Additional Maximum Power Reduction (A-MPR)
	EIRP
	100%-tile EIRP CDF
	EIRP (Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Configured transmitted Output Power
	EIRP
	100%-tile EIRP CDF
	EIRP (Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Minimum Output Power
	EIRP
	100%-tile EIRP CDF
	EIRP (Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Transmit OFF power
	TRP
	100%-tile EIRP CDF
	TRP (Link=100%-tile EIRP CDF)

	TX
	ON/OFF time mask
	Beam peak
	100%-tile EIRP CDF
	EIRP(?) (Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Power Control tolerance
(Absolute)
	Beam peak
	100%-tile EIRP CDF
	EIRP (Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Power Control tolerance
(Relative)
	Beam peak
	100%-tile EIRP CDF
	EIRP (Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Power Control tolerance
(Aggregated)
	Beam peak
	100%-tile EIRP CDF
	EIRP (Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Frequency error
	Beam peak
	100%-tile EIRP CDF
	Frequency(Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Error Vector Magnitude (EVM)
	Beam peak
	100%-tile EIRP CDF
	EVM(Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Error Vector Magnitude (EVM) - Spectrum Flatness
	Beam peak
	100%-tile EIRP CDF
	EVM SF(Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Carrier leakage
	Beam peak
	100%-tile EIRP CDF
	Carrier Leakage(Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	In-band emissions ( non allocated RB )
	Beam peak
	100%-tile EIRP CDF
	In-band emission(Link=100%-tile EIRP CDF, Meas=Link angle)

	TX
	Occupied bandwidth
	TRP
	100%-tile EIRP CDF
	Occupied BW(TRP) (Link=100%-tile EIRP CDF)

	TX
	Spectrum Emission Mask
	TRP
	100%-tile EIRP CDF
	TRP (Link=100%-tile EIRP CDF)

	TX
	Adjacent Channel Leakage power Ratio
	TRP
	100%-tile EIRP CDF
	TRP (Link=100%-tile EIRP CDF)

	TX
	General Spurious emissions
	TRP
	100%-tile EIRP CDF
	TRP (Link=100%-tile EIRP CDF)

	TX
	Spurious emission UE-to-UE coexistence
	TRP
	100%-tile EIRP CDF
	TRP (Link=100%-tile EIRP CDF)

	TX
	Additional spurious emissions
	TRP
	100%-tile EIRP CDF
	TRP (Link=100%-tile EIRP CDF)

	TX
	Beam correspondence
	[TBD]
	　[TBD]
	[TBD]

	RX
	Reference sensitivity level
	EIS CDF
	All Sphere
	EIS(Link= Girds over all sphere, Meas=Link Angle)

	RX
	Maximum input level
	Beam peak
	0 %-tile EIS CDF
	EIS(Link=0%-tile EIS CDF, Meas=Link Angle)

	RX
	Adjacent Channel Selectivity (ACS)
	Beam peak
	0 %-tile EIS CDF
	EIS(Link=0%-tile EIS CDF, Meas=Link Angle)

	RX
	In-band blocking
	Beam peak
	0 %-tile EIS CDF
	EIS(Link=0%-tile EIS CDF, Meas=Link Angle)

	RX
	Out-of-band blocking and Spurious response
	Beam peak
	0 %-tile EIS CDF
	EIS(Link=0%-tile EIS CDF, Meas=Link Angle)

	RX
	Reciever Spurious emissions
	TRP
	100%-tile EIRP CDF
	TRP(Link=100%-tile EIRP CDF, Meas=Link Angle)

	RX
	Reciever image
	[TBD]
	　[TBD]
	[TBD]

	RX
	In-channel selectivity
	[TBD]
	　[TBD]
	[TBD]



