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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#99-e), with the following contents related are agreed in the approved WF [8, R4-2107861]. 
	· The following agreement and conclusion were made on UE RF core requirement, captured in the approved WF [8]. 
· WF1: UE RF Requirement Framework
· RAN4 need to discuss how one UE type (i.e., existing power class or new power class) can have different sets of RF requirements, each of which is applicable under certain deployment scenario, for example: 
· Different UE RF requirement for uni- vs. bi-directional deployment; 
· Different UE RF requirement for HST vs. normal deployment scenario.
· WF2: Power Class
· A new power class or reusing existing PC for FR2 HST UE:
· to be decided after RAN4 agree on min peak EIRP and spherical coverage requirements.
· WF3: Minimum Peak EIRP
· Minimum peak EIRP requirement for FR2 HST UE:
· RAN4 adopt 30.x dBm (similar to PC5) as baseline. 
· The baseline could be further discussed if technical issue identified.
· WF4: Spherical Coverage Requirement
· The x%-tile point in EIRP CDF
· Option 1: 70%-tile point, i.e., 30% coverage with 2 back to back panels;
· Option 2: 80%-tile point, i.e., 20% coverage with 2 back to back panels; 
· Option 3: 90%-tile point, i.e., 10% coverage with 2 back to back panels;
· FFS different x%-tile point needed for different scenarios. 
· FFS detailed requirement for minimum EIRP value at x%-tile.


In this contribution, we would like to further provide our viewpoints on FR2 UE RF requirement in this contribution. 

2. Discussion
Considering the power class and UE RF requirement framework discussion is dependent on detailed minimum peak EIRP (and according reference sensitivity) and spherical coverage requirement, we will discuss the detailed requirements firstly. 
2.1 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, and it is agreed to adopt 30.x dBm (similar to PC5) as baseline, while The baseline could be further discussed if technical issue identified.
Based on 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], and we found that 4x4 can provide good tradeoff between (1) achievable antenna array gain (2) complexity of beam management (and accordingly mobility performance). This is also aligned with FR2 PC5 discussion, in which companies could not be aligned on the number of antenna elements in one array (i.e., either 8 or 16 elements), it is observed by companies that “Min. peak EIPR: 30.0 dBm for n257, 30.4 dBm for n258” is achievable. 
For the exact value of minimum peak EIRP, by following the conclusion for PC5, it is natural to derive the minimum peak EIRP requirement for FR2 HST UE for the relevant bands as follows. It should be noted that FR2 HST’s target applicable frequency is up to 30GHz and the candidate frequency bands including band n261, n257 and n258, per requested by WID.  
Proposal-1: For FR2 HST UE, RAN4 adopt the minimum peak EIRP requirement for the relevant bands n261, n257 and n258, as
	Operating band
	Min peak EIRP (dBm)

	n257
	30.0

	n258
	30.4

	n261
	30.0

	NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance



Next, we would like to discuss the multi-band relaxation requirement. For PC5 which support multiple FR2 bands, the multi-band relaxation requirement with 0.7 dB is defined for both peak EIRP and EIRP spherical coverage requirement. By following the same principle, the following proposal is provided. 
Proposal-2: For FR2 HST UE, RAN4 adopt 0.7dB multi-band relaxation similar as PC5, that is
	Band
	MBP,n (dB)
	MBS,n (dB)

	n257
	0.7
	0.7

	n258
	0.7
	0.7

	n261
	0.7
	0.7



2.2 Spherical Coverage Requirement
In last RAN4 meeting, the spherical coverage requirement is further discussed, while the following three options are provided for the x%-tile point in EIRP CDF for further analysis: 
•	Option 1: 70%-tile point, i.e., 30% coverage with 2 back to back panels;
•	Option 2: 80%-tile point, i.e., 20% coverage with 2 back to back panels; 
•	Option 3: 90%-tile point, i.e., 10% coverage with 2 back to back panels;
Based on the conclusion and further analysis on uni-/bi-directional RRH deployment in Scenario-A/B, the following number of beams (and correspondingly the beam directions) are derived based on the individual scenario: 
	Scenario-A
	Uni-directional RRH Deployment
	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;

	
	Bi-directional RRH Deployment
	1 beam per UE panel (i.e., 2 beam per UE)

	Scenario-B
	Uni-directional RRH Deployment
	1 beam per UE panel 
Other options not precluded
 - FFS the benefits of implementing more beams per UE panel

	
	Bi-directional RRH Deployment
	1 beam per UE panel 
Other options not precluded
- FFS the benefits of implementing more beams per UE panel



Based on our analysis for deployment analysis, we found that 1 beam per UE panel (and 2 UE panels) can provide good enough performance. Provided few number of beams needed for FR2 HST, the expected overall coverage would be very limited, and therefore we propose to adopt option-3, which guarantee the minimum coverage with 2 back to back panels among three options. 
Proposal-3: For spherical coverage requirement, RAN4 shall adopt: 
· Option 3: 90%-tile point, i.e., 10% coverage with 2 back to back panels
2.3 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, and e.g., HST vs. normal deployment scenario. 
In parallel, in RRM session, it is agreed that 
	· Agreement from RRM WF (R4-2108342)
· WF2: HST FR2 network deployment flag
· Add a flag to enable the UE to identify different/enhanced RRM requirements in HST FR2 deployment.
· Add HST FR2 network deployment flag to the combined LS to RAN2 on all HST FR2 signalling flags.



Accordingly, for HST FR2 UE, we propose that RAN4 only define RF requirement in the case UE receives the HST FR2 network deployment flag.   
Proposal-4: For HST FR2 UE, RAN4 only defines RF requirement in the case where UE receives the HST FR2 network deployment flag. No requirement is defined when HST FR2 UE has not received the HST FR2 network deployment flag. 

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: 
<Minimum Peak EIRP Requirement>
Proposal-1: For FR2 HST UE, RAN4 adopt the minimum peak EIRP requirement for the relevant bands n261, n257 and n258, as
	Operating band
	Min peak EIRP (dBm)

	n257
	30.0

	n258
	30.4

	n261
	30.0

	NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance


Proposal-2: For FR2 HST UE, RAN4 adopt 0.7dB multi-band relaxation similar as PC5, that is
	Band
	MBP,n (dB)
	MBS,n (dB)

	n257
	0.7
	0.7

	n258
	0.7
	0.7

	n261
	0.7
	0.7


<Spherical Coverage Requirement>
Proposal-3: For spherical coverage requirement, RAN4 shall adopt: 
· Option 3: 90%-tile point, i.e., 10% coverage with 2 back to back panels

<UE RF Requirement Framework>
[bookmark: _GoBack]Proposal-4: For HST FR2 UE, RAN4 only defines RF requirement in the case where UE receives the HST FR2 network deployment flag. No requirement is defined when HST FR2 UE has not received the HST FR2 network deployment flag. 
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