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1. Introduction
At RAN4#87 meeting, [2] was provided, asking TE vendors to provide input regarding the feasibility of generation of a “spatially white noise”. In addition, the definition of SNR/SINR in various scenarios w.r.t. cells, frequencies and AoAs needs to be clarified for the UE RRM BLS. This paper analyses both items and concludes with several observations and proposals. 
2. Discussion

AWGN Generation

(Quasi) Spatial AWGN

In an anechoic chamber, spatially white AWGN means generating AWGN simultaneously from numerous AoAs. This would require lot of additional antennas and signal generators, becoming the driver of the complexity of the system. The “spatially whiter” the AWGN is required, the higher the number of antennas and the system complexity, the lower the quality of the anechoic environment and the higher the expected MUs. As such, a “spatially white” AWGN requirement would have huge impact on the TE complexity and MUs budget. Thus at this stage:

Observation 1:  A better understanding is required, what is the added value for testing with a “spatially white” AWGN. More explanation and insight view is required from UE vendors.

From a TE perspective, one assumption on the use case of “spatially white” AWGN is because it probably leads to spatial dependent SNR, since S and N (AWGN) are differently distributed as depicted in Figure 1 (just for illustration). Further, such a spatial SNR distribution might be important for RRM SNR based requirements.
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Figure 1: (Quasi) Spatially white AWGN with many additional AWGN antennas

However as seen in Figure 1, in case of “spatially white” AWGN, the positions of the SNR peaks are identical with the respective S peaks, namely in the main beam peak direction. Thus in such scenarios it could not be distinguished whether the UE choses the best direction for a given cell based on S or SNR. In addition, the SNR for different cells can be controlled only by changing the respective cell powers (S), while the noise (N) remains constant. Cell (re)selection based on S as well as SNR is possible.
AWGN only from antennas with cell signals
On the other hand, the assumption for the generation of AWGN and system complexity is so far, that AWGN is transmitted from the same antennas transmitting the wanted signal. This keeps the TE complexity manageable and does not introduce additional system complexity for sake of noise. In addition, the MU analysis and values remain feasible.

The SNR for a given cell is constant over space as shown in Figure 2 (just for illustration), since S and N transmitted from the same antenna, will experience the same pathloss in the space i.e. the ratio remains constant.
In such scenarios only S peaks are in the main peak direction, thus the best direction for a given cell can be chosen by the UE based on S peak. The SNR for different cells can be controlled by changing the respective cell powers (S), as well as the respective cell N noise (different N applicable rather for inter-frequency scenarios). Cell (re)selection based on S as well as SNR is possible.
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Figure 2: AWGN generated from same antennas transmitting cell powers
Observation 2: With respect to spatial SNR distribution: 
· a (quasi) spatially white AWGN does not allow to distinguish whether the UE selects the best beam direction for a given cell based on S or based in SNR; 
· an  AWGN generated from the same antennas with the signal, does not allow an UE select the best beam direction for a given cell based only on SNR;  

Here again:

Observation 3: Feedback from UE vendors is required, which is the basic assumption for the UE best beam direction selection for a given cell (S / SNR / RSRP / RSRQ) and what requirements apply and need to be tested. 

Observation 4: Both type of AWGN generation (“spatially white” or not) enable cell (re)selection based on S as well as based on SNR. 

However as mentioned above:

Observation 5: AWGN generated only from the antennas transmitting cell signals, allows TS implementation as per the present BLS, does not increase the complexity and the MUs and has more setting flexibility.
SNR/SINR

As per [3] the reference point for defining SNR is the centre of quiet zone. Let us check in the following, how this applies to single/multi cells, inter/intra frequencies and single/multi AoAs scenarios.
SNR for 2 inter-frequency cells from 1 / 2 AoAs
In case of 2 inter-frequency cells the SNR is set per cell at the centre of quiet zone (reference point). Due to the orthogonality in frequency, the respective SNR value per cell remains valid also when both cells are active. This applies independently how AWGN is generated (“spatially white” or not). 
SNR/SINR for 2 intra-frequency cells from 1 AoAs
In case of 2 intra-frequency cells the SNR is set per cell at the centre of quiet zone (reference point). Due to the same frequency and AoA, the same AWGN signal, level and generation applies to both cells. Due to the orthogonality of cells (Cell-ID etc.), the respective SNR value per cell remains valid also when both cells are active. This applies independently how AWGN is generated (“spatially white” or not). 
In this case the definition of an SINR per cell is possible at the centre of quiet zone (reference point).
SNR/SINR for 2 intra-frequency cells from 2 AoAs
Let us assume first the transmission of AWGN only from the antennas transmitting cell signals. In this case the AWGN per AoAs will superpose at the centre of the quiet zone (reference points), resulting in a new AWGN with level equaling the sum of the “component” AWGN levels. As such, the SNR at the reference point and at the respective TE antennas are different, and the same SNR value at the reference point can be achieved with different SNR configurations at the TE antennas. In order to have a repeatable testing environment, the SNR values configured at the TE antennas shall be specified as well. To approximate the “spatially white” AWGN and keep the ratio of SNR in different directions same as the ratio of S, we propose to generate the same level of AWGN from each active AoA antenna (Figure 2), so that the sum in the centre of Quiet Zone (reference points) is the required AWGN in the test.
In case that “spatially white” AWGN is generated, the same principle shall apply, i.e. AWGN is split equally among all the active antennas transmitting AWGN.
Again the SINR definition per cell is possible at the centre of quiet zone (reference point).

Proposal 1: In case of intra-frequency signals from different AoAs, the noise generation is split equally among the active AoAs.

3. Conclusion
This paper analyses the generation of AWGN and definition of SNR/SINR in UE RRM BLS based on DFF for multi cell / frequencies / AoAs scenarios. Following observations and proposals are made:   

Observation 1:  A better understanding is required, what is the added value for testing with a “spatially white” AWGN. More explanation and insight view is required from UE vendors.

Observation 2: With respect to spatial SNR distribution: 

· a (quasi) spatially white AWGN does not allow to distinguish whether the UE selects the best beam direction for a given cell based on S or based on SNR; 

· an  AWGN generated from the same antennas with the signal, does not allow an UE to select the best beam direction for a given cell based only on SNR;  

Observation 3: Feedback from UE vendors is required, which is the basic assumption for the UE best beam direction selection for a given cell (S / SNR / RSRP / RSRQ) and what requirements apply and need to be tested. 

Observation 4: Both type of AWGN generation (“spatially white” or not) enable cell (re)selection based on S as well as based on SNR.

Observation 5: AWGN generated only from the antennas transmitting cell signals, allows TS implementation as per the present BLS, does not increase the complexity and the MUs and has more setting flexibility.
Proposal 1: In case of intra-frequency signals from different AoAs, the noise generation is split equally among the active AoAs.
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