[bookmark: _Hlk491845607]3GPP TSG-RAN WG4 Meeting #99-e                                                               R4-2110236                                                                                                                               
Electronic Meeting, May 19-27, 2021
Source:	Samsung
Title:	Further Discussion on UE RF requirement for FR2 HST 
Agenda item:			9.8.3.1
Document for:	Discussion
1. Introduction
In RAN Plenary #89-e, the RAN4-led work item of NR support for high speed train scenario in FR2 has been approved [1, RP-202118] (which has been further revised to [2, RP-210800]). UE RF requirement for HST scenarios in FR2 has been further discussed in last RAN4 meeting (RAN4#98-e), with the following contents related are agreed in the approved WF [3, R4-2105491]. 
	· The following agreement and conclusion were made on UE RF core requirement, captured in the approved WF [3]. 
· WF1: UE RF requirement framework
· Further discuss on RF requirement framework for FR2 HST UE: 
· FFS multiple RF requirement sets based on different scenarios or different implementations
· WF2: Minimum Peak EIRP
· Antenna elements per panel
· Baseline for requirement derivation: 4x4 with two polarization, TRP max = 23dBm
· Other options are not precluded. 
· Minimum peak EIRP derivation
· Option 1: Deciding EIRP based on number of antenna element following PC5 discussion:
· 4x4 antenna elements per panel with 30.X dBm min peak EIRP 
· Other antenna elements configurations are FFS 
· Option 2: adopt 30.x dBm min peak EIRP as agreed for PC5 
· 8 antenna elements per panel or 16 antenna elements per panel is assumed 
· Option 3: From UE implementation perspective, companies are encouraged to provide technical input based on the below table to derive minimum peak EIRP
	Parameter
	Unit
	Freq. range
24.25-29.5 GHz

	P_out per element
	dBm
	TBD

	# of antennas in array
	
	TBD

	Total conducted power per polarization
	dBm
	TBD

	Avg. antenna element gain
	dBi
	TBD

	Antenna roll-off loss vs frequency
	dB
	TBD

	Realized antenna array gain
	dBi
	TBD

	Polarization gain
	dB
	TBD

	Mismatch and transmission line loss including load pull
	dB
	TBD

	Beam forming loss (phase shifter and amplitude error)
	dB
	TBD

	Finite beam table
	dB
	TBD

	Beam forming loss (one beam table fits all)
	dB
	TBD

	Form-factor integration losses
	dB
	TBD

	Total implementation loss (worst-case)
	dB
	TBD

	Peak EIRP (Minimum)
	dBm
	TBD

	TRP (to be compared with TRP limit)
	dBm
	TBD


· WF3: Spherical coverage requirement
· For spherical coverage requirement, FFS
· The x%-tile point in EIRP CDF: 
· # of panels, # of beams in beambook and x%-tile point need to consider how much spherical coverage is needed, based on deployment scenario analysis. 
· FFS different x%-tile point needed for different scenarios. 
· FFS detailed requirement for minimum EIRP value at x%-tile. 


Accompanying our contribution on FR2 HST deployment scenario given in this meeting [4, 5], we would like to further provide our viewpoints on FR2 UE RF requirement in this contribution. 

2. Discussion
2.1 Observations from FR2 HST Deployment Study
From last meeting’s deployment scenario discussion, it is agreed that 
	· UE antenna panel(s) for forward and backward directions
· RAN4 to consider CPE to be equipped with two panels pointed forward and backward along the track. 
· Detailed boresight directions of each panel can be adjusted based on companies’ analysis. 


Observation-1: For FR2 HST UE, two panels are equipped to point forward and backward along the track.
Furthermore, it is agreed to only consider dynamic point selection (DPS) transmission mode for FR2 HST, as agreed in last meeting’s chairman notes
	<Agreement in Chairman Notes under above WF [7]>
· Additional agreements for slide 3 
· Necessity of JT in Scenario-A/B, for both Uni/Bi-directional RRH
· Option 1: Only DPS transmission mode considered for FR2 HST 


Observation-2: Only DPS transmission mode considered for FR2 HST.
Based on the above observations from FR2 HST deployment study, for uni-directional RRH deployment, UE only need to have one panel to generate the TX/RX beam either forward or backward, in the condition of UE moving toward or away from the serving beam, as illustrated in figure 1. 


Figure 1. Illustration of Uni-directional HST Deployment: UE Moving towards Serving Beam
However, to guarantee flexible deployment, it is better if UE can be equipped with two panels to support both directions, i.e., forward and backward. Accordingly, the following agreement achieved in last meeting’s GTW session for deployment scenario: 
	· For scenario-A, uni-directional, UE parameter:
· Agreement in GTW Session (15th April, Thursday)
· 1 beam per panel; 
· 2 panels assumed to be implemented in the UE side; 
· Only the one active panel per UE can be used for Tx and Rx; and FFS whether another panel can be used for beam search


Observation-3: For UE operating in uni-directional RRH deployment (at least for Scenario-A), UE shall be equipped with 2 panels and 1 beam per panel to support both directions (i.e., forward and backward) to guarantee UE’s flexible operation, either moving towards or away from serving beam.
For bi-directional RRH deployment, as illustrated in the following figure, it is straightforward for UE’s beambook to support forward and backward directions, based on two panels. 


Figure 2. Illustration of Bi-directional HST Deployment
Based on deployment scenario discussion till now, the group has not decided yet how many beams to be used per panel. 
Observation-4: For UE operating in bi-directional RRH deployment, it is still not yet clear how many beam(s) per UE panel is needed.
Proposal-1: For FR2 HST UE RF requirement, it shall be assumed that two panels are equipped to point forward and backward along the track, while how many beams per panel is FFS depending on deployment scenario analysis.
2.2 UE RF Requirement Framework 
In last RAN4 meeting, it is suggested that RAN4 need to discuss how one UE type (i.e., existing power class or new power class) can have different set of RF requirements, each of which could be applicable under certain deployment scenario, e.g., uni-directional or bi-directional RRH deployment. 
In parallel, in RRM and Demod session, it is being discussed “FFS NW signaling to indicate uni-/bi-directional RRH deployment to assist UE RRM and/or Demod operation”. It is still not clear yet that whether or not different UE behavior is expected if NW signaling is introduced to indicate uni-/bi-directional RRH deployment to assist UE. 
Proposal-2: RAN4 need to study whether or not different UE behaviors and RF requirements are expected if NW signaling is introduced to indicate uni-/bi-directional RRH deployment to assist UE.
2.3 Frequency Bands
Another aspect is the candidate frequency bands to be specified for FR2 HST UE. In the WID [2], it is clearly requested that: 
	· This WI is specifying requirements for the following scenario(s) 
· The target applicable frequency is up to 30GHz. The candidate frequency bands including band n261, n257 and n258. 



Observation-6: RF requirement for FR2 HST UE should be specified for the target applicable frequency up to 30GHz, including candidate frequency bands of n261, n257 and n258.
2.4 Minimum Peak EIRP Requirement
In last meeting, the group has discussed the how the minimum peak EIRP requirement shall be defined for FR2 HST UE, while the major discussion focused on whether and how FR2 HST UE is comparable to FR2 PC2 in terms of peak EIRP requirement. 
From our understanding, the minimum peak EIRP requirement should be defined by matching the conclusion of link budget in deployment scenario analysis, where 4x4 elements per panel has been adopted as starting point [7], 
	· WF1: General assumption 
· RRH and UE Antenna Element Assumption
· For each panel in UE: 
· Option-1: N=4, M=4 with 2 polarization
· Option-2: N=8, M=4 with 2 polarization
· Option-3: N=2, M=4 (or N=4, M=2) with 2 polarization
· For antenna array configuration in RRH: 
· Option-1: [Mg, Ng, M, N, P]=[1, 1, 4, 8, 2]
· Option-2: [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
· Option-3: [Mg, Ng, M, N, P]=[1, 1, 8, 16, 2]
· Agreement in GTW Session (15th April, Thursday)
· RRH side: 
· Option-2: [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
· UE side:
· Option 1: N=4, M=4 with 2 polarizations as starting point, and other options not precluded pending on further discussion 
· RF session can trigger relevant discussion on RF requirements taking above agreements into account.


And furthermore based on our analysis, we found that 4x4 can provide good tradeoff between (1) achievable antenna array gain (2) complexity of beam management (and accordingly mobility performance). 
Observation-7: Based on deployment scenario analysis, 4x4 antenna elements per panel with two polarization are able to achieve a good tradeoff between (1) achievable antenna array gain and (2) complexity of beam management (and accordingly mobility performance). 
On the other hand, during FR2 PC5 discussion, companies provide their link budget analysis as summarized below [6]: 
Table 1: Proposed link budget tables for peak EIRP [6]
[image: ]
Based on the discussion for FR2 PC5 UE, companies could not be aligned on the number of antenna elements in one array (i.e., either 8 or 16 elements), but in the end RAN4 achieved the agreement of “Min. peak EIPR: 30.0 dBm for n257, 30.4 dBm for n258” in RAN4#97-e (captured in WF R4-2016874). The logic of this conclusion is based on (1) it is not necessarily to be specified for the number of elements in one panel in RAN4 specification, and (2) the compromised 30.x dBm minimum peak EIRP requirement gives the possibility of different implementations asked by companies. 
Observation-8: In FR2 PC5 UE requirement discussion, minimum peak EIRP requirement 30.x dBm is achieved without common understanding on the number of antenna elements (either 8 or 16 elements). 

Considering above observations, it is proposed to reuse the FR2 PC5 minimum peak EIRP requirement (i.e., 30.x dBm) for FR2 HST UE, because the conclusion of 4x4 antenna elements per panel with two polarization derived from deployment scenario analysis can match the basis of deriving FR2 PC5 requirement. 
Proposal-3: For FR2 HST UE, RAN4 adopt 30.x dBm minimum peak EIRP requirement similar to PC5. 
2.5 Spherical Coverage Requirement
For spherical coverage requirement, as specified in Rel-15 NR standard, power class 4 is regarded as the high-power UE type with the much improved spherical coverage performance from UE RF perspective and full mobility support as PC3 from RRM perspective. However, as analyzed in our deployment scenario analysis, only one beam or a small number of beams in the beambook formed by one UE panel can be enough for satisfactory cellular coverage along the HST track, based on that, the currently 80% percentage spherical coverage requirement is not necessary. 
Furthermore, if only very limited number of beam(s) per panel (and 2 panels) is assumed, the concept of spherical coverage could be questionable. For instance, by assuming a beam with 20 degree beamwidth, the expected coverage by this beam over the sphere is just 0.76%, and even with several beams point to different direction, the overall coverage is still very limited. 
Observation-9: Provided few number of beams needed for FR2 HST, the expected overall coverage would be very limited. 
Considering it is still not yet clear how many beam per UE panel is needed especially for bi-directional RRH deployment, it is still hard to decide the exact percentage point for EIRP CDF to define spherical coverage requirement.
Proposal-4: For spherical coverage requirement, RAN4 shall consider: 
· The necessity of specifying spherical coverage requirement if UE’s beam number is very limited. 
· If spherical coverage is needed, the x%-tile point in EIRP CDF for FR2 HST UE’s spherical coverage requirement by considering following candidate configuration: 
· Two panels, 1 beam per panel;
· Two panels, 2 beams per panel;
· Other options if identified by deployment scenario analysis. 

3. Conclusion
In this contribution, we further provided our discussion and viewpoint on UE RF for high speed train deployment scenarios in FR2. The following observations and proposals are provided accordingly: 
<Observations from FR2 HST Deployment Study>
Observation-1: For FR2 HST UE, two panels are equipped to point forward and backward along the track.
Observation-2: Only DPS transmission mode considered for FR2 HST.
Observation-3: For UE operating in uni-directional RRH deployment (at least for Scenario-A), UE shall be equipped with 2 panels and 1 beam per panel to support both directions (i.e., forward and backward) to guarantee UE’s flexible operation, either moving towards or away from serving beam.
Observation-4: For UE operating in bi-directional RRH deployment, it is still not yet clear how many beam(s) per UE panel is needed.
Proposal-1: For FR2 HST UE RF requirement, it shall be assumed that two panels are equipped to point forward and backward along the track, while how many beams per panel is FFS depending on deployment scenario analysis.
<UE RF Requirement Framework>
Proposal-2: RAN4 need to study whether or not different UE behaviors and RF requirements are expected if NW signaling is introduced to indicate uni-/bi-directional RRH deployment to assist UE.
deployment to assist UE.
<Frequency Bands>
Observation-6: RF requirement for FR2 HST UE should be specified for the target applicable frequency up to 30GHz, including candidate frequency bands of n261, n257 and n258.
<Minimum Peak EIRP Requirement>
Observation-7: Based on deployment scenario analysis, 4x4 antenna elements per panel with two polarization are able to achieve a good tradeoff between (1) achievable antenna array gain and (2) complexity of beam management (and accordingly mobility performance). 
Observation-8: In FR2 PC5 UE requirement discussion, minimum peak EIRP requirement 30.x dBm is achieved without common understanding on the number of antenna elements (either 8 or 16 elements). 
Proposal-3: For FR2 HST UE, RAN4 adopt 30.x dBm minimum peak EIRP requirement similar to PC5. 
<Spherical Coverage Requirement>
Observation-9: Provided few number of beams needed for FR2 HST, the expected overall coverage would be very limited. 
Proposal-4: For spherical coverage requirement, RAN4 shall consider: 
· The necessity of specifying spherical coverage requirement if UE’s beam number is very limited. 
· If spherical coverage is needed, the x%-tile point in EIRP CDF for FR2 HST UE’s spherical coverage requirement by considering following candidate configuration: 
· Two panels, 1 beam per panel;
· Two panels, 2 beams per panel;
· Other options if identified by deployment scenario analysis. 
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Parameter Unit R4-2003535 R4-2006432 R4-2007110

Operating bands GHz  n257/n258  n257/n258  n257/n258

Low extremity High extremity Low extremity High extremity

Pout per element dBm

12

11 7.5 10.5 7.5 10.5 12.5 11

# of antennas in an array

8

8 16 16 16 16 8 16

Total conducted power per polarization dBm

21

20 19.5 22.5 19.5 22.5 21.5 23 -1

Average antenna element gain dBi

3.3

4.5 4 4 0

Antenna roll-off loss versus frequency dB

-1.5

-1 -2 -1.5 -0.2

Realized antenna array gain dBi

10.8

12.5 13.6 16.6 14.1 16.9 11 14.5 0

Polarization gain dB

2.5

2.5 2 3 2 3 2.8 2.8 -0.5

Mismatch and transmission line loss

including load pull

dB

-1.5

-2.1 -2.5 -2 -0.7

Beam forming loss (phase shifter and 

amplitude error)

dB

-1.4

-0.5 -0.5 -0.5 0

Finite beam table dB

0

-0.25 -0.25 -0.1 0

Beam forming loss (one beam table fits all) dB

-0.5

-0.25 -0.25 -0.25 0

Form factor integration losses dB

-5

-4.5 -3.5 -2 -1

Total implementation loss (nominal) dB / -7 -4.85

Total implementation loss (worst case) dB -7.6 -8.3

Total implementation loss (best case) dB -1 6.5 3.5 7.7 3.5

Peak EIRP (Nominal) dBm / 28.7 38.7 28 39 35.48

Max TRP(Worst value) , should 

≤

 23dBm dBm

26

22 15 22 13.8 22 22

Tolerance (+/-) dB / 3.5

Peak EIRP (Minimum) dBm 26 27.4 28.7 28 28.3 32

n257, n258

R4-2008175

n258 n257

R4-2006776
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