
[bookmark: Title][bookmark: DocumentFor][bookmark: _Hlk9347371][bookmark: _Toc193024528]3GPP TSG-RAN WG4 Meeting # 99-e	R4-2109571
Electronic Meeting, May. 19-27, 2021


Agenda item:	9.8.2
Source: 	Qualcomm Incorporated
Title: 	On NR FR2 HST Deployment Scenario Discussion
Document for:	Discussion
Introduction
In RAN4 #98bis-e meeting, the deployment scenario and channel model for FR2 HST was discussed, and a WF was approved [1,2]. In this contribution, we provide our view on deployment scenarios and possible enhancement.
Discussion
Based on the agreed WF [1], we present an analysis framework for UE coverage and channel model based on the agreed deployment scenarios. 
UE coverage and RRH beam direction analysis
In RAN4#98bis-e meeting, we made the following observation that is captured in the WF [1]:
UE half cone coverage of antenna arrays on one panel is between 0 to 60 degrees on azimuthal plane, which might lead to coverage hole from RRH beams when UE is passing the RRH.
We provide further analysis and explanation of the above observation in the following. Consider antenna element configuration M=4 and N = 4 and . Using the beam steering formula, we derive the phase progression (codebook) for different beam directions and analyze the actual beam peak direction and the different between largest beam peak and the second largest in the following:
	Designated beam peak direction
	0
	30
	50
	60
	70
	80

	Actual beam peak direction
	0
	27
	43
	49
	54
	56

	Different with second strongest beam (dB)
	14.41
	10.37
	8.19
	5.03
	2.20
	0.55


Table 2‑1 Beam peak direction and power difference

We show the beam patterns in the following figures:
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Figure 2‑1 Beam patterns for steering to different designated directions

From Table 2-1 and Figure 2-1, we can observe that 
(1) The actual beam peak direction is < 60 degrees
(2) Mirror beam peak shows up when codebook design steers beam to the direction > 60 degrees: for example, when the designated beam direction is 70 degree, we see a mirror beam shows up around -70 degree with slightly smaller peak antenna gain.
(3) The beam becomes flatter when codebook design steers beam to the direction > 60 degrees
The mirror beam issue gets worse when we consider non-ideal antenna elements separation to support multiple frequencies. Consider  and designated beam direction 60 degrees. We plot the beam pattern in the following figure. 
[image: ]
Figure 2‑2 Beam patterns for non-ideal separation

We can observe that the mirror beam has peak gain larger than the designated peak direction. These mirror beams may receive unwanted interference from the mirror directions, perhaps due to reflectors appeared alone the high speed tracker. Although we do not consider reflectors in the uni-directional or bi-directional model, the electric cables and poles can reflect RRH signals in practice. The mirror beam can also cause incorrect adjacent beam selection. Therefore, we propose to consider UE beam codebook design only up to 60 degrees steering direction.
Proposal 1: UE beam direction steering is up to 60 degrees on azimuthal plane.
Besides restrictions on UE beam direction, the flat beam we get when steering direction >= 60 degree also limits the RRH beam directions. When beam direction is pointed to 60 degrees, we can observe that from 50 to 75 degrees, the antenna gain is within 5dB to the peak direction. When we consider non-ideal antenna element separation of , 75 degrees and above the antenna gain is within 5dB to the peak. Within the range that antenna gain is within 5dB to the peak direction, UE can not have spatial separation for the beams coming in this range, i.e., multiple beams within this range can interfere with each other. Therefore, we can not have spatial multiplexing within this range, and only one RRH beam is allowed in the UE beam anglular range describe above. 50 degrees corresponds to about 40 degrees of  (see Figure 2-5 and 2-6).
Note that for Dmin = 10m scenario, RRH angle w.r.t. UE on azimuthal plane drops to < 30 degree within 15m away from RRH. Hence large degree UE beams are less useful in Dmin = 10m scenario. For Dmin = 150m scenario, the constraint derived above corresponds to the following limitation:
Only one beam is allowed for >40 degrees w.r.t. boresight direction on azimuthal plane.
Since nearby RRH area can be covered by the previous RRH, to achieve best throughput and ensure coverage along the track, we should place the RRH beam with largest angle to boresight direction at 40 degree on azimuthal plane.
Proposal 2: The RRH beam with largest angle to boresight direction is at 40 degree on azimuthal plane.
With the above assumption, when UE is passing an RRH (the target RRH in the figure), we plot the SNR comparison for target RRH beam and the source RRH (the previous RRH in the figure) beam. 
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Figure 2‑3 Source and target RRH received beam power analysis
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Figure 2‑4 Source and target RRH beam received SNR

We can observe from Figure 2-4 that only when UE is >70m away from the passing RRH, target RRH power exceeds the source RRH. 
Proposal 3: Based on the UE beam pattern analysis with the agreed antenna configuration starting point, we have the following limitation: RRH switching point distance to passing RRH is > 70m when Dmin = 150m.
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Figure 2‑5 UE and RRH beam direction analysis
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Figure 2‑6 UE and RRH beam direction w.r.t. distance to RRH in Dmin=150m
Channel model
As we explained in the previous section, the RRH switching point is at a distance > 70m from the RRH projection point on the track. In the contribution we submitted to RAN4#98bis-e meeting [3], we derive the optimal codebook design and the corresponding switchin point for the uni-directional channel, summarized in the following proposal.
Proposal 4: Consider the codebook design and switching point listed in the following table for demod channel model discussion:
	
	Dmin = 10m
	Dmin = 150m

	UE beam directions
	[0]
	[0 7.5 15 22.5 30 37.5 45]

	RRH beam directions
	[0]
	[0 7.5 15 22.5 37.5]

	Switching point (distance to RRH projection)
	80m
	80m



Consider UE moving away from serving RRH, then the Doppler shift is shown in the following proposal:
Proposal 5: Doppler shift in uni-directional model:
· 
· the cosine of angle θ(t)  used in Doppler shift  is provided as below, 
· 

For bi-directional model, with the assumption that the RRH beam with largest angle to boresight direction is at 40 degree on azimuthal plane, when UE passing the projection of RRH on the track, the UE should be served by the previous RRH, which is the same as the uni-directional model. To ensure coverage, RRH boresight direction should be the same as uni-directional model and the above table applies to bi-directional model. We explain the beam coverage in bi-directional channel under this assumption in the following.
The bi-directional RRH requires two panels to cover both directions. More beam switches are required to achieve such performance, as shown in the below figure. The first k beam indexes are from the LHS RRH, and the [k+1, 2k] beam indexes are from the RHS RRH. We can observe that the best beam is from RHS RRH in [Ds/2, Ds-Doffset], and from LHS RRH in [Doffset, Ds/2] and [Ds-Doffset, Ds+Doffset]. In fact, in [Ds-Doffset, Ds+Doffset], beams from the RRHs on both sides (the LHS RRH and the RRH next to the RHS RRH) are with received power on the same scale. The network can serve the UE by only one RRH in this region if lower beam management complexity is preferred.. gNB can restrict UE to receive data from one RRH in each region based on the RRH coverage region explained in this paragraph to avoid unnecessary beam switches.


Based on the above beam switching, the Doppler shift is shown in the following proposal:
Proposal 6: Doppler shift in bi-directional model:
· 
· the cosine of angle θ(t)  used in Doppler shift  is provided as below, 
· 
· 


Conclusion
Proposal 1: UE beam direction steering is up to 60 degrees on azimuthal plane.
Proposal 2: The RRH beam with largest angle to boresight direction is at 40 degree on azimuthal plane.
Proposal 3: Based on the UE beam pattern analysis with the agreed antenna configuration starting point, we have the following limitation: RRH switching point distance to passing RRH is > 70m when Dmin = 150m.
Proposal 4: Consider the codebook design and switching point listed in the following table for demod channel model discussion:
	
	Dmin = 10m
	Dmin = 150m

	UE beam directions
	[0]
	[0 7.5 15 22.5 30 37.5 45]

	RRH beam directions
	[0]
	[0 7.5 15 22.5 37.5]

	Switching point (distance to RRH projection)
	80m
	80m



Proposal 5: Doppler shift in uni-directional model:
· 
· the cosine of angle θ(t)  used in Doppler shift  is provided as below, 
· 
Proposal 6: Doppler shift in bi-directional model:
· 
· the cosine of angle θ(t)  used in Doppler shift  is provided as below, 
· 
· 
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