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1. Introduction

[image: image1]In RAN4 #106, WF [1] suggests further study the following topics.
Issue 1-1-4: Test method for TxD 

Agreements:

· Stick to previous agreement as following:

· Enable 2Tx antenna active simultaneously for 2Tx testing as 1st priority.

· Sequential 1Tx test and then sum up with FFS data processing approach can be further studied as 2nd priority.

Issue 4-2-1: Power class

Agreements:

· For bands support PC2 and PC3, both requirements are needed. RAN4 can further discuss how to define PC3, e.g. measurement or offset from PC2.
Issue 4-2-4: Operation mode (SA and EN-DC modes) 

Agreements:

· FFS whether down-selection/prioritization needed or not for SA and EN-DC mode. 
This contribution makes proposals on the above issues.
2. Discussion
2.1. Issue 1-1-4 Test method for TxD
Limited progress has been made on TRP measurement under TxD due to lack of data on phase variation during a TRP measurement period, which is of the order of 10 minutes. A pragmatic approach would be to measure EIRP at a few fixed points with a measurement duration of 10 minutes at each point and determine TRP testability under TxD by the average of EIRP standard deviation at the fixed measurement points. For example, if the average of EIRP standard deviations exceed an agreed threshold, TRP measurement under TxD is not feasible. 
A Huawei commercial NR phone with TxD capability is tested in free space at 1950MHz (n1 band) with 10MHz bandwidth. The first step to ascertain that TxD is active. To this end, Pmax values are set to 18dBm, 20dBm and 23dBm, respectively. The corresponding near field SAR (Specific Absorption Ratio) measurement shows only one SAR hot spot for Pmax equal to 18dBm and 20dBm, but two SAR hot spots for Pmax of 23dBm. The locations of two SAR hot spots coincide with the transmit antenna positions. This means TxD is active when Pmax is set to 23dBm as indicated in the LS from RAN5 [7].
The second step is to choose a few fixed points and measure the EIRP at each point for over 10 minutes. The following plane cuts in φ=30°, 60°, 90°, 120°, 150° are used with points at θ = 0°, 90°, 180°. This gives rise to a total of 15 measurement points. Figure 1 shows the histogram at φ = 90° and θ = 90° with similar distributions at other points.
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Figure 1   Histogram of EIRP at φ = 90° and θ = 90° measured over 10 minutes
The range of standard deviations at all 15 points is from 0.33dB to 0.40dB. This shows that the EIRP variation during TRP measurement with TxD active is stable enough and implies that TRP measurement can be taken with TxD active.
Observation 1: The standard deviation in EIRP over a TRP measurement in this test is under 0.4 dB and is reasonable compared to the TRP MU budget.
Obviously, this is the result from one device. Results from more devices would be needed to come to an conclusion.

Proposal 1: Use the average of EIRP standard deviation from [M=10] devices to determine the testability of TRP under TxD with [N=15] fixed points and the EIRP measurement duration at each point is at least [T=10] minutes.
Assuming the approach in proposal 1 or its variant is acceptable, other companies are encouraged to provide similar results in order to conclude on this topic.
2.2. Issue 4-2-1 Power Class
According to Table 6.2.1-1: UE Power Class in [2], the difference in maximum output power between PC2 and PC3 is 3dB. In addition, factors such as MPR (Maximum Power Reduction) are not taken into account (namely set to zero) during TRP measurement. It is therefore reasonable to assume that the difference in TRP between PC2 and PC3 is also 3dB because the same antenna would be used for the band of interest regardless of the maximum output power setting. In other words, antenna efficiency and radiation pattern would be the same for PC2 and PC3. 
Proposal 2: the relationship in TRP between PC2 and PC3 can be defined as TRP(PC3) = TRP(PC2) – 3dB.
This would save measurement time too. 
2.3. Issue 4-2-4 Operation Mode (SA and ENDC modes)
In the last meeting, test cases analyses for SA and EN-DC are given in [3]. Although the TRP TRS test methodology for 1Tx has been established in Release 17 WI, the actual work for EN-DC mode has not started. It would be prudent to focus on finishing the requirements in SA mode rather than attempt to do both SA and EN-DC modes in parallel. Volunteer labs can still submit results for both SA and EN-DC modes if so wish.
Proposal 3: focus on SA mode as the first priority.

2.4. Issue 1-1-7: General performance metric for UL-MIMO radiated output power test
Four options are listed in RAN4 #106 on UL MIMO test with TPMI 2-5. However, a side condition of “fullCoherent” as in TS 38.331 [4] needs to be added to the options. Because under “nonCoherent” or “partialCoherent”, there is no defined phase relationship between two transmit antennas and this would lead to the same or similar uncertainty as the TRP measurement under TxD.
Proposal 4: add a side condition of “fullCoherent” as defined in TS 38.331for TRP measurement under UL MIMO TMPI 2-5. TRP measurement for UL MIMO TMPI 2-2 under “nonCoherent” or “partialCoherent” is FFS.
Regarding the 4 options in RAN4 #106 WF [1], the measurement time would be roughly the same for all of them because the time-consuming part is mechanical movement. However, option 1 does not take into account all TMPI values as different phases on two antennas could cause antenna efficiency variation due to mutual coupling. Option 2 selects the maximum EIRP at every grid point and may have problems with the use of the optimum precoding because the communication antenna may not be in the same location or direction as the receive antenna. In other words, the precoding may be optimum for communication antenna, but less so for receive antenna. Option 3 and 4 are similar in the sense that all TMPI 2-5 values are taken into account. However, option 3 is the most appropriate metric for UL MIMO TRP under TMPI 2-5 since it does not select the best TRP values as option 4 does.
Proposal 5: Option 3 in WF (R4-2302917) is the most appropriate metric for UL MIMO TRP.

2.5. LS from GSMA on BW

LS from GSMA [5] states that CTIA and GSMA adopt 20MHz bandwidth to test TRS. However, Table 4.3.3-2 in TR 37.834 [6] already specifies test bandwidths for each band, ranging from 20MHz to 100MHz. Besides, TRS values at any given bandwidth can be converted to a different bandwidth using the ratio between the two bandwidths due to the fact that thermal noise is given as per unit bandwidth or per Hertz. In addition, TRS measured under wider bandwidth gives a more realistic reflection of the true performance because the antenna efficiency vs frequency curve is not a constant.
Proposal 6: In consultation with RAN5, keep the current bandwidth configuration for TRS measurement. Also consider the draft LS reply in the appendix of R4-2304028.
3. Conclusions
This contribution makes the following proposals and observation.
Observation 1: The standard deviation in EIRP over a TRP measurement in this test is under 0.4 dB and is reasonable compared to the TRP MU budget.

Proposal 1: Use the average of EIRP standard deviation from [M=10] devices to determine the testability of TRP under TxD with [N=15] fixed points and the EIRP measurement duration at each point is at least [T=10] minutes.

Proposal 2: the relationship in TRP between PC2 and PC3 can be defined as TRP(PC3) = TRP(PC2) – 3dB.

Proposal 3: focus on SA mode as the first priority.

Proposal 4: add a side condition of “fullCoherent” as defined in TS 38.331for TRP measurement under UL MIMO TMPI 2-5. TRP measurement for UL MIMO TMPI 2-2 under “nonCoherent” or “partialCoherent” is FFS.

Proposal 5: Option 3 in WF (R4-2302917) is the most appropriate metric for UL MIMO TRP.

Proposal 6: In consultation with RAN5, keep the current bandwidth configuration for TRS measurement. Also consider the draft LS reply in the appendix of R4-2304028.
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1
Overall description

3GPP RAN4 would like to thank GSMA for the LS (R4-2304023 TSGAP76_004) on bandwidth used for TRS measurement.
Table 4.3.3-2 in TR 38.834 specifies measurement bandwidths for each band, ranging from MHz to 100MHz. TRS values measured at any given bandwidth can be converted to a different bandwidth using the ratio of the two bandwidth values due to the fact that thermal noise is given as per unit bandwidth or per Hertz.
In addition, some measurement campaigns in RAN WG4 have been carried out using the bandwidth values specified in TR 38.834. RAN WG4 is therefore of the view that no change is needed in RAN WG4 and WG5 specification as TRS comparisons between different bandwidths can be readily made using the conversion mentioned above.
3GPP RAN4 looks forward to further cooperation with GSMA on NR FR1 TRP TRS work.
2
Actions

To ETSI TC MSG/TFES: 

ACTION: 
3GPP RAN4 respectfully asks GSMA to take the above feedback into account.
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Dates of next TSG-RAN WG4 meetings
TSG-RAN WG4 Meeting #107                           
22-26 May, 2023    

     Incheon, KR
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