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1. Introduction
In last RAN plenary #82 meeting, new consensus is achieved on beam correspondence requirement in WF [1], and RAN4 is supposed to revise the test procedure for peak EIRP and spherical coverage to match beam correspondence requirements:
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As agreed in this WF [1], RAN4 is also supposed to specify the procedure of EIRP2 for beam correspondence tolerance:
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In this contribution, we list the possible solutions for test procedure of uplink sweeping based EIRP, analyse the pros and cons of each solution, and finally give our proposal.
2. Discussion

For each of the test points in the grid, the EIRP based on uplink beam sweeping can have several ways to be measured. Generally speaking, there are three optional solutions which can be considered, i.e.,

Option 1: network assisted uplink beam sweeping

Option 2: EIRP TE assisted uplink beam sweeping

Option 3: full 3D TE scan or beam scan
Option 1: network assisted uplink beam sweeping
Option 1 is network assisted uplink beam sweeping which exactly matches to UE’s uplink beam management function in real network. The test procedures are briefly summarized for both peak EIRP and spherical coverage as following and also illustrated in Figure 1:
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Figure 1. illustration of Option 1: network assisted uplink beam sweeping

Option 1 has the advantages of saving test time and reflecting real network performance. But there may be a little concern on the uplink signal level measurement accuracy of network. So Option 2 is investigated aiming to improve measurement accuracy for uplink sweeping beams.
Option 2: EIRP TE assisted uplink beam sweeping
Compared with Option 1, Option 2 is intended to use regular EIRP measurement procedure to measure the uplink sweeping beams instead of using network’s own capability. Depending on sweeping mode, there are two sub-options:
Option 2.1: auto sweeping, i.e., UE performs automatic uplink beam sweeping with a set of configured RS, and TE measure EIRP of each beam and feedback the best beam to UE;

Option 2.2: lock sweeping, i.e., UE locks to each beam one by one among the sweeping beams set, TE directly measure EIRP of each locked beam one by one and choose the best one as the best EIRP.

Option 2.1: auto sweeping

Option 2.1 test procedures are briefly summarized for both peak EIRP and spherical coverage as following and also illustrated in Figure 2.1:
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Figure 2.1 illustration of Option 2.1: EIRP TE assisted uplink beam auto sweeping

The main problem of Option 2.1 is feasibility. On one hand, regular EIRP test procedure takes relative much longer time than UE’s uplink beam sweeping period, which means that EIRP TE can not catch up with the fast uplink beam sweeping; on the other hand, the EIRP TE can not distinguish the sweeping beam (SRS) and the current connected beam (PUSCH) since the uplink beam sweeping is done in connected mode. Besides, it is difficult to find the way how the test system to feedback the best beam to UE. To solve the feasibility issue, Option 2.2 can be considered by locking the sweeping beams.
Option 2.2: lock sweeping

Option 2.2 test procedures are briefly summarized for both peak EIRP and spherical coverage as following and also illustrated in Figure 2.2:
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Figure 2.2 illustration of Option 2.2: EIRP TE assisted uplink beam lock sweeping
Option 2.2 provides better power measurement accuracy to the uplink sweeping beams. However, the overall test time is increasing greatly. To restrict the test time into affordable range, the total number of uplink sweeping beams has to be limited within X for further study, e.g. X=10. Due to the limitation of sweeping beams number X, to some extent the overall accuracy maybe affected. 
About feasibility, it is also for further study how to let UE know which is the best beam. Besides, Option 2.2 can only reflect part of real network performance.
Option 3: full 3D TE scan or beam scan
Option 3 is to implement full scan so that the theoretically best EIRP can be obtained. There are two ways to perform the full scan:
Option 3.1: 3D TE scan per beam

Option 3.2: beam scan per grid point
Option 3.1: 3D TE scan per beam

Option 3.1 is mentioned in [2] where indicates that the EIRP test time per beam codebook takes several days even without the necessary battery charging time included.
Option 3.1 test procedures are briefly summarized for both peak EIRP and spherical coverage as following:
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Option 3.2: beam scan per grid point

Option 3.2 is introduced in [3]. The main idea is to save the TE mechanical rotation time by electrically beam sweeping per beam codebook. Compared to option 3.1, the test time can be saved a little but still too long.
Option 3.2 test procedures are briefly summarized for both peak EIRP and spherical coverage as following:
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Option 3 as the full scan method is usually used for antenna calibration and test in development. In theory we can get the real best peak with this method regardless of real network performance. But days of test time are unaffordable for conformance test. What’s more, battery charging during the test process is necessary, thus the re-position error will be unavoidable which will also deteriorates the measurement accuracy.
3. Summary
Based on above discussion, we can make a summary as in Table 3:

Table 3. Comparison of Options for uplink beam sweeping EIRP
	Options
	Feasibility
	Test time increasing
	Accuracy
	Match real network
	Beams number
	proposal

	Option 1
Network assisted
	/
	Yes
	*****
(~1 times)
	***

	*****

	****

	Baseline method for conformance

	Option 2
EIRP TE assisted
	Option 2.1

Auto sweeping
	No
	***
(~10 times)
	****

	***

	*
(<=X)
	N.A

	
	Option 2.2
Lock sweeping
	Yes(FFS)
	***
(~10 times)
	****

	***

	*
(<=X)
	FFS for conformance

	Option 3
Full 3D TE/beam scan
	Option 3.1
TE scan per beam
	Yes
	*
(~100 times)
	*****

	*

	*****

	Only applicable for development

	
	Option 3.2
Beam scan per grid point
	Yes
	*
(~100 times)
	*****

	*

	*****

	Only applicable for development


Note: the more *, the better performance.
As summarized in Table 3, Option 1 (network assisted uplink beam sweeping method) shows best overall performance. The only concern is the network (SS) measurement accuracy on uplink sweeping beams. Though the absolute measurement accuracy of network (SS) is worse than EIRP TE, relative power measurement is enough for uplink beams powers comparison, and the relative measurement accuracy under strong uplink signal condition (best beam mapping to strong signal) is not bad. Moreover, the network (SS) accuracy matches to the real network performance. And there is other accuracy issue in Option 2 due to limited beams number and in Option 3 due to re-position error. Taking all above in consideration, Option 1 (network assisted uplink beam sweeping method) can be used as the baseline method for conformance test.
Observation 1: Option 1 (network assisted uplink beam sweeping method) shows best overall performance among all the Options.

Observation 2: each option has its own accuracy issue, and the relative measurement accuracy of network (SS) under strong signal condition used in Option 1 is acceptable.

Proposal 1: Option 1 (network assisted uplink beam sweeping method) can be used as the baseline method for conformance test

Option 2.1 is not feasible and Option 2.2 need further study on sweeping beams number X and further feasibility study on how to let UE know which is the best beam.

Proposal 2: Option 2.2 (EIRP TE assisted uplink beam lock sweeping method) can be FFS for conformance test
Option 3 takes days of test time, as a result, it is not applicable for conformance test but only for development test.

Proposal 3: Option 3 (full 3D TE/beam scan) can only be applicable for development test.

4. Conclusion
Observation 1: Option 1 (network assisted uplink beam sweeping method) shows best overall performance among all the Options.

Observation 2: each option has its own accuracy issue, and the relative measurement accuracy of network (SS) under strong signal condition used in Option 1 is acceptable.

Proposal 1: Option 1 (network assisted uplink beam sweeping method) can be used as the baseline method for conformance test

Proposal 2: Option 2.2 (EIRP TE assisted uplink beam lock sweeping method) can be FFS for conformance test

Proposal 3: Option 3 (full 3D TE/beam scan) can only be applicable for development test.
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RAN4 to revise the test procedure for minimum peak EIRP and spherical coverage requirements so that the UE may rely on uplink beam sweeping during the test based on OEM declaration among the followings: 


Using the downlink reference signals only


Using the downlink reference signals and uplink beam sweeping





For each of the test points in the grid, two EIRP should be calculated. 


EIRP1 is calculated based on the beam the UE chooses autonomously (corresponding beam) to transmit in the direction of the incoming DL signal. Procedure is based on what is described in section  5.2.1.3.7 of TR38.810 (R4-1816258)


No uplink beam sweeping is assumed 


EIRP2 is the best EIRP (beam yielding highest EIRP in a given direction) which is based on UL beam sweeping or TE scan 


RAN4 should specify the procedure how the best EIRP is defined and derived 
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(1) Uplink beam sweeping by coded RS





(2) Network feedback best beam 





(3) TX with best beam





(4) EIRP TE Measure the best beam to obtain best EIRP





(4) EIRP TE Measure the best beam to obtain best EIRP
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(1) Uplink beam sweeping by locked beam one by one
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(1) Uplink beam sweeping by coded RS
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(2) EIRP TE Measure each beam one by one, then choose best EIRP





(2) feedback the best beam after EIRP measure





(3) TX with best beam





For each of the test points in the grid 


Connect the SS (System Simulator) with UE through the measurement antenna with PolLink= 


Based on  downlink reference signals, UE perform uplink beam sweeping with a set of configured reference signals (SRS) in connected mode


Network (SS) uses its own measurement capability (UL signal level) to measure the power of all the uplink reference signals corresponding to uplink sweeping beams, and feedback the best beam to UE


UE switch the TX beam to the best beam given by network (SS) and lock the beam


EIRP TE (such as a spectrum analyser, power meter, or gNB emulator) measure  the total component EIRP


Unlock the beam, switch measurement antenna with PolLink= polarization and repeat steps 2)~5)





For each of the test points in the grid 


Connect the SS (System Simulator) with UE through the measurement antenna with PolLink= 


Based on  downlink reference signals, UE gives a set of uplink sweeping beams with its total beams number no more than X


UE switches and locks to the 1st beam in the uplink sweeping beams set, and TE measure total component EIRP of the 1st beam; UE switches and locks to the 2nd beam in the uplink sweeping beams set, and TE measure total component EIRP of the 2nd beam; ……UE switches and locks to the final beam in the uplink sweeping beams set, and TE measure total component EIRP of the final beam


Choose the maximum EIRP in step 3) as the best EIRP under current polarization


Unlock the beam, switch measurement antenna with PolLink= polarization and repeat steps 2)~4)





For each of the test points in the grid 


Connect the SS (System Simulator) with UE through the measurement antenna with PolLink= 


Based on  downlink reference signals, UE perform uplink beam sweeping with a set of configured reference signals (SRS) in connected mode


TE uses regular EIRP measurement procedure to measure the power of all the uplink reference signals corresponding to uplink sweeping beams, and feedback the best beam to UE


UE switch the TX beam to the best beam given by network (SS) and lock the beam


EIRP TE (such as a spectrum analyser, power meter, or gNB emulator) measure  the total component EIRP


Unlock the beam, switch measurement antenna with PolLink= polarization and repeat steps 2)~5)





For each beam among the beam codebook


 For each of the test points in the grid (by TE mechanical rotation)


Connect the SS (System Simulator) with UE through the measurement antenna with PolLink=


TE measure total component EIRP under beam lock status


Unlock the beam, switch measurement antenna with PolLink= polarization and repeat step 2)





For each of the test points in the grid


 For each beam among the beam codebook (by beams electrically sweeping per codebook)


Connect the SS (System Simulator) with UE through the measurement antenna with PolLink=


TE measure total component EIRP under beam lock status


Unlock the beam, switch measurement antenna with PolLink= polarization and repeat step 2)
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