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1.	Introduction
In RAN5#88-e, it was endorsed to discuss the MU using offset antenna for FR2 blocking test cases[1]. In this paper, MU analysis for the FR2 blocking test case using offset antenna is provided.
2.	Discussion
In case to using the offset antenna for blocker signal, we may need to clarify the procedure. As already addressed in [1], our view is that we can compensate the antenna gain reduction due to offset angle (i.e. difference of the antenna gain of beam peak and offset angle) by measuring the difference of wanted signal EIS of the offset angle and the beam peak.
Figure 1 shows the image of the compensation and residual errors. The difference of the EIS of at beam peak and at offset angle for wanted signal and blocker signal are defined as DEIS1 and DEIS2, respectively. The amount of compensation is corresponding to DEIS1. The residual error after compensation is the difference of DEIS1 and DEIS2 , which is denoted as DDEIS. For common antenna case(offset=0) or 0 frequency separation case(intra-frequency), DDEIS is considered as 0. The more offset angle and frequency separation, DDEIS becomes large. 
[image: ]
Figure 1 Image of compensation and residual error
2.3 Simulation analysis
[bookmark: _GoBack]We carried out a simulation analysis for residual error after compensation( DDEIS in Fig1. ). Simulation is based on the array antenna assumption in 38.810 for grid MU decision. For the number of arrays, 2x8 (Fig 2) and 1x4 are analyzed. For the frequency separation, as a worst case assumption, n258 low (lower blocker), n258 mid(wanted signal) and n258 high (upper blocker) are simulated. This is corresponding to n258 in-band blocking test case. With these assumptions, the difference of D/l is maximized hence the |DDEIS| is maximized. The wanted signal antenna points to the beam peak and offset antenna(blocker) is located at qoffset separated position. Relative angular relation of measurement antennas and array beam pattern are randomly altered.
[image: ]
Figure 2 2x8 beam pattern
Table 1 shows the mean error and std.dev for the 2x8 and 1x4 assumption and for various offset angles(0..7). Here we take max(abs(low), (high)) in mean error and std.dev(i.e. worst case).
Table 1 Residual error (n258 in-band blocking assumption)
	offset angle[deg]
	Mean error[dB]
	Std.dev[dB]
	Mean error[dB]
	Std.dev[dB]

	
	2x8 Assumption
	1x4 Assumption

	0
	0.000
	0.000
	0.000
	0.000

	0.5
	0.002
	0.001
	0.000
	0.000

	1
	0.008
	0.005
	0.002
	0.001

	1.5
	0.017
	0.011
	0.004
	0.003

	2
	0.031
	0.020
	0.007
	0.005

	2.5
	0.048
	0.031
	0.011
	0.008

	3
	0.070
	0.045
	0.016
	0.011

	3.5
	0.096
	0.062
	0.021
	0.015

	4
	0.127
	0.082
	0.028
	0.019

	4.5
	0.163
	0.105
	0.036
	0.025

	5
	0.204
	0.133
	0.044
	0.031

	5.5
	0.250
	0.164
	0.053
	0.037

	6
	0.303
	0.201
	0.064
	0.045

	6.5
	0.363
	0.243
	0.075
	0.053

	7
	0.431
	0.291
	0.088
	0.061



From Table 1, we observe followings.
Observation 1 : With the 2x8 assumption, the uncertainty due to offset antenna is ~ 0.1dB with 3.5deg offset, ~ 0.2dB with 5 deg offset, <0.5dB with 7deg offset.
Observation 2 : With the 1x4 assumption, the impact for total MU is ~0.025dB with 3.5deg offset, ~0.05dB with 5deg offset, <0.1dB even with 7deg offset.
Note that even though the 2x8 is assumed for the MU/testability studies ever in RAN4/RAN5, the available PC3 FR2 UEs in the market seems to not have such big arrays. Indeed, in the Rel-17 study item in RAN4, there is a discussion about re-consideration of antenna array assumption 2x8 -> 1x4. Hence, it can be considered the actual residual error(difference from the common antenna case) is closer to 1x4 case rather than 2x8 case.
It can depend on the offset angle of the test system, but we do not see any reason to prohibit the use of offset antenna with the level of additional MUs in Table 1. 
We propose followings regarding the use of offset antenna for FR2 blocker test.
Proposal 1 : Introduce new MU terms regarding impact from offset antenna for FR2 blocker test. Put the Table 1(2x8) into TR 38.903 as a look up table for the MU values due to offset antenna. For the MTSU derivation purpose it is set to 0.0dB.
Proposal 2 : Define MTSU based on the common antenna assumption and permit the use of offset antenna for the FR2 blocking test case (ACS and IBB) as long as total MTSU is met.

3. Conclusion
Proposal 1 : Introduce new MU terms regarding impact from offset antenna for FR2 blocker test. Put the Table 1(2x8) into TR 38.903 as a look up table for the MU values due to offset antenna. For the MTSU derivation purpose it is set to 0.0dB.
Proposal 2 : Define MTSU based on the common antenna assumption and permit the use of offset antenna for the FR2 blocking test case (ACS and IBB) as long as total MTSU is met.
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