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[bookmark: _Ref463014664]1.	Introduction
In RAN5#98 proposal 1 of R5-231832 [3] was endorsed and R5-231830 [4] was sent to RAN4 for further discussion on beam sweeping from multiple directions. While this discussion takes place, we think there are a couple more observations that need to be explored in the context of signal variation and balancing for the same affected RLM/BFD 2AoA test cases.

This paper presents our views on signal variation and balancing as well as some proposals for further analysis.

2.	Discussion
We have found that it is difficult to ensure acceptable RSRP/SNR levels in both UE (H,V) polarizations in the 2AoA setup. This situation gets further aggravated when fading propagation is enabled. We will split the discussion in two main points (1) fading considerations (2) signal imbalance and UE positioning.

In the context of enabling PDSCH demodulation for FR2, we presented in R5-221628 [5], a table with our simulation results showing the difference in PAPR between the signal and the faded signal. Among the different fading profiles studied in this paper TDLA30-75 low is presented in row5, corresponding to tests 2-1 and 2-6. This is the same fading profile currently configured on RLM and BFD 2AoA test cases. Simulations were run for approximately 1E+08 samples and making use of 2Rx on UE side (PAPR results are shown separately for each Rx).

In addition, for the scope of this paper there is no need for clipping, so we are showing a simplified extract from this paper below:

	Table 3-1: Faded signal PAPR for all test points defined in TS 38.521-4
	 
	Test#
	Fading
	MCS
	Test SNR
	Num Samples
	Mean Signal Pwr (Rx0/Rx1)
	Mean Faded signal Pwr (Rx0/Rx1)
	Signal PAPR (Rx0/Rx1)
	Faded Signal PAPR (Rx0/Rx1)

	5
	2-1
	TDLA30-75 Low
	QPSK
	5.8
	 
	 
	 
	 
	leverage from 2-6

	7
	2-6
	TDLA30-75 Low
	64QAM
	20.3
	3.98E+08
	-4.44
	-1.54
	13.77|13.23
	17.77|17.01



Ref: R5-221628 [5]



From the simulation data we can extract several conclusions. Faded signal PAPR is 17.77dB and 17.01dB for Rx0 and Rx1, correspondingly. At the same time, signal PAPR is 13.77dB and 13.23dB for Rx0 and Rx1, also correspondingly. Therefore, we observe that there is approximately 4dB difference in PAPR between signal and faded signal for this fading profile.

Observation1: Fading profile TDLA30-75 low presents a difference in PAPR of approximately 4dB when compared to AWGN.

In addition, the multiple AoA test setups specified in 38.533 Annex A (setup 3, 4a and 4b) require the Test Equipment to generate the EIS spherical coverage, and then select the suitable test AoAs from the top percentile as defined in 38.101-2 [6] section 7.3.4, which depends on DUT power class. For power class 3 devices this is 50%ile (Table 7.3.4.3-1). Procedure K.1.2 as defined in 38.521-2 [7] provides the mechanism to generate this EIS spherical coverage.

We observe that the distribution generated by EIS spherical coverage is only determined by the ability of the UE to decode single layer, low MCS PDSCH payload across polarizations. However, the lowest average EIS can be achieved in a positioning coordinate where there is RSRP and/or SNR imbalance. Similarly, the rest of the test coordinates suitable for testing are selected by the same procedure and thus are affected by the same reasoning.

We can therefore conclude that signal balancing (RSRP, SNR) is not guaranteed by this procedure. Because of signal imbalance, the UE can end up having only 1Rx, which can make the situation be significantly worse, enough to trigger early RLF.

Observation2: Signal balancing is not guaranteed by the EIS positioning procedure proposed in [7] section K.1.2 in any of the AoAs suitable for testing.

Following are some options we think could help reduce or mitigate RSRP/SNR imbalance. In Proposal2 below we are requesting RAN4 to discuss on how to do so. We think these options could be a starting point for the discussion.

Option A: One option is to run isolation on every single of the points that can be selected for the RRM test, measure the UE RSRPB (H, V) at each of these points to evaluate the imbalance seen by the UE on each of them, then independently control H and V transmission at TE side so the signal arrives balanced at the UE (i.e. compensate the imbalance via Tx power at each polarization). This will require the TE to transmit on both H, V polarizations.

Option B: Another option could be to add an additional check, for all points that can be selected for the RRM test, such that |RSRP_H – RSRP_V|<X where X would be FFS. This should ensure the imbalance at UE side is smaller than X. This measurement should be taken at test conditions, i.e. if the Test Equipment transmits in both H and V during the test, then using both H and V; if a Test Equipment only transmits in one polarization, then using that polarization.

Option C: Any other alternative.

In RLM test cases the UE is requested to track the faded signal SNR, incoming from non-Rx beam peak directions, such that Qin and Qout are accurately controlled – i.e. the UE does not declare any out-of-sync indication during neither T1, T2, T4 and/or T5 (N310 = 1 for these tests, so a single indication will lead to T310 start). This makes these tests particularly sensitive to SNR imbalance and fluctuations. 

The accumulative effect of both phenomena (fading and signal imbalance) along with the low SNR configured in the tests, results in high measurement variance which can lead to erratic outcomes. Therefore, given the observations presented in this paper, we propose the following actions:

Proposal1: Send an LS to RAN4 requesting to evaluate removal of fading in RLM/BFD test cases with 2AoA.

Proposal2: Send an LS to RAN4 requesting to evaluate options to reduce/mitigate any potential RSRP/SNR imbalance on 2AoA setups.

We think that, for simplicity, both proposals could be sent in the same LS.

3.	Conclusion
We have presented the following observations regarding the different challenges the test scenario presents for RLM and BFD test cases in 2AoA setup, along with some proposals and options to reduce/mitigate them:

Observation1: Fading profile TDLA30-75 low presents a difference in PAPR of approximately 4dB when compared to AWGN.

Observation2: Signal balancing is not guaranteed by the EIS positioning procedure proposed in [7] section K.1.2 in any of the AoAs suitable for testing.

Proposal1: Send an LS to RAN4 requesting to evaluate removal of fading in RLM/BFD test cases with 2AoA.

Proposal2: Send an LS to RAN4 requesting to evaluate options to reduce/mitigate any potential RSRP/SNR imbalance on 2AoA setups.
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