
[bookmark: Title][bookmark: DocumentFor][bookmark: _Toc193024528]3GPP TSG-RAN WG4 Meeting # 100-e	R4-2112262
Electronic Meeting, August 16-27, 2021


Agenda item:	9.9.3
Source: 	Qualcomm Incorporated
Title: 	On FR2 HST RF Requirements
Document for:	Discussion
Introduction
In RAN4 #99-e meeting, the RF requirement was discussed and a WF was approved [1]. In this contribution, we provide our view on open issues.
Discussion
Beam Correspondence
We consider Rel-16 optional feature beamCorrespondenceSSB-based-r16 to be beneficial for HST to utilize BM RS resource more efficiently. Note that CSI-RS can provide denser RS than SSB. Since beam dwelling time is small, denser BM RS can improve UE BM performance. However, operator and infra vendor’s input is needed to confirm whether such frequent CSI-RS resource configuration for BM is available in HST deployment scenario. If frequent CSI-RS resource for BM can be deployed, mandatorily supporting beamCorrespondenceCSI-RS-based-r16 is beneficial from BM/BC perspective.
Proposal 1: UE support of Rel-16 optional feature beamCorrespondenceSSB-based-r16 is mandatory for FR2 HST. Whether to make UE support of Rel-16 optional feature beamCorrespondenceCSI-RS-based-r16 mandatory depends on the availability of frequent CSI-RS configuration in FR2 HST deployment.
Spherical coverage of UE
Spherical coverage requirement depends on the scenario being considered. We first analyze the phi (azimuthal) angle. In [3], we proposed the following based on the feasibility analysis:
The RRH beam with largest angle to boresight direction is 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 proposal, 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. We use Dmin = 150m to evaluate the following results. 
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We can observe that only when UE is >70m away from the passing RRH, target RRH power exceeds the source RRH. The RRH angle w.r.t. the track direction at 70m is 64 degrees, which is shown in the below figures. Therefore, we can conclude that in FR2 HST scenario we considered, signals coming to UE are with 64 degrees w.r.t. the track direction. Note that when Dmin < 150m, the above conclusion on RRH direction w.r.t. UE still holds with similar analysis. The spherical coverage and RRH switching point should be derived according to the above analysis, as proposed in the following:
Proposal 3: Based on the UE beam pattern analysis with the agreed antenna configuration starting point, spherical coverage on azimuthal plane should consider range within 64 degrees on one RRH direction in one side, regardless of Dmin.
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The theta angle range is even smaller. However, theta depends on the different in high between UE and RRH, which may vary much across different deployment (example tunnels). Hence we consider theta range [0,60].
To summarize, we consider phi range = [-64, 64] and theta range = [0,60]. In spherical coordination system, the polar angle range is [30,90] and azimuthal angle range is [-64,64]. Note that we add larger margin to theta because it is calculated based the height difference between the RRH and UE. 
Proposal 4: For the agreed FR2 HST scenarios, azimuth angle range = [-64 64] and polar angle range = [30,90] are enough to cover the possible RRH directions from UE perspective.
The ratio of the sphere surface coverage in FR2 HST can be calculated as

This sphere coverage is for one panel. Consider RRH from two directions, UE needs two back to back panels and the sphere coverage is doubled. Note that the sphere coverage derived above aligns to fixed wireless access point requirement.
Proposal 5: UE is considered to consist of 2 back to back panels.
Proposal 6: The spherical coverage requirement shall be 30% with 2 back to back panels.
Note that this 15% per panel (30% for two panels) is specified for a specific spherical area: phi range = [-64, 64] and theta range = [0,60]. This is difference from requirement for other PCs, which is on CDF only without specifying the area. The common assumption is the spherical coverage is on a cone with theta difference to boresight direction within x. The area of this cone is:

Using this cone to cover the HST spherical coverage proposed above, x = 60, the spherical coverage becomes

Comparing with the desired spherical coverage, this cone is 67% larger than the area specified by phi range = [-64, 64] and theta range = [0,60]. However, 40% of the cone lies outside the theta and phi range, and according to our analysis, UE is not expecting transmission to RRH in those directions. Therefore, if we stick to spherical coverage definition for other PCs, specifying only CDF without the targeted area, the requirement is too tight from HST scenario perspective since UE never transmits on almost half of the directions within the area specified in spherical coverage requirement.
Observation 1: When reusing the methodology of specifying spherical coverage for other PCs, the requirement is too tight from HST scenario perspective since UE never transmits on almost half of the directions within the area specified in spherical coverage requirement.
Therefore, we proposed to specify the spherical coverage for FR2 HST in terms of theta and phi range w.r.t. boresight instead of CDF. 
Proposal 7: specify the spherical coverage for FR2 HST in terms of theta and phi range w.r.t. boresight direction. 
We analyze EIRP drop in the following. PC5 requirement is -8dB@85th %ile with one panel, which is equivalent to -8dB@70th %ile with two panels. However, as explained above, our spherical coverage proposal is based on an azimuthal and polar angle range, which is different than the cone in PC5. We compare the element gain reduction from peak to extreme scan angles in PC5 and the angle range we derived for HST. We found a ~5dB difference. Considering the larger beam scan angle in certain directions in HST, we suggest adding an additional margin and use -15dB as a starting point. 
Rate adaptation may not work well as normal scenarios in HST because of the extremely high UE speed. Therefore, keeping low variation on received power at UE and at gNB is preferred. Comparing the pathloss at peak EIRP and at the spherical coverage edge locations with RMaLOS model, we found a 14dB pathloss difference. Therefore, reduction in pathloss is enough to recover the -15dB EIRP drop and keep received power at gNB stable.
Proposal 8: Set EIRP drop requirement to keep received power at gNB stable.
Proposal 9: EIRP drop requirement for HST is -15dB.

Conclusion
Proposal 1: UE support of Rel-16 optional feature beamCorrespondenceSSB-based-r16 is mandatory for FR2 HST. Whether to make UE support of Rel-16 optional feature beamCorrespondenceCSI-RS-based-r16 mandatory depends on the availability of frequent CSI-RS configuration in FR2 HST deployment.
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, spherical coverage on azimuthal plane should consider range within 64 degrees on one RRH direction in one side, regardless of Dmin.
Proposal 4: For the agreed FR2 HST scenarios, azimuth angle range = [-64 64] and polar angle range = [30,90] are enough to cover the possible RRH directions from UE perspective.
Proposal 5: UE is considered to consist of 2 back to back panels.
Proposal 6: The spherical coverage requirement shall be 30% with 2 back to back panels.
Observation 1: When reusing the methodology of specifying spherical coverage for other PCs, the requirement is too tight from HST scenario perspective since UE never transmits on almost half of the directions within the area specified in spherical coverage requirement.
Proposal 7: specify the spherical coverage for FR2 HST in terms of theta and phi range w.r.t. boresight direction. 
Proposal 8: Set EIRP drop requirement to keep received power at gNB stable.
Proposal 9: EIRP drop requirement for HST is -15dB.
Reference
[1] R4-2108342
[2] R4-2109571

image1.png




image2.png




image3.png




image4.png




image3.emf
0 50 100 150 200 250

Distance to target RRH location

-20

-15

-10

-5

0

5

10

15

20

25

30

S

N

R

Target RRH

Source RRH


image4.emf
0 100 200 300 400 500 600 700

Distance to RRH(m)

0

10

20

30

40

50

60

70

80

90

A

n

g

l

e

(

d

e

g

r

e

e

)

Angular variation when UE travels from one RRH to the next

phi-ue

phi-rrh

theta


