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1. Introduction
In RAN4 #109 meeting, RAN5 sent a LS [1] on defining the missing relative angular offsets and UE gain-related parameters for different power classes to RAN4. In the LS, they indicate there are some testing parameters are missing, and PC6 would be better to define the parameters shown in the following Table, otherwise the WI cannot be completed in RAN5. 
[image: ]
In RAN4 #110 meeting, RAN4 had some initial discussions on the missing parameters, and some concrete values were agreed with brackets in [2] for the missing parameters. There were extensive discussions on the missing values in last meeting, and the related open/remaining issues can be found in the agreed WF [3]. In this contribution, we continue to discuss the values of missing parameters.
2 Discussion
2.1 What is the assumption for Gain difference Y and Z between fine beam and rough beam for PC1/5/6?
From our understanding, what would mostly differentiate the requirements of different types of UE should be the number of antenna element in an antenna array. From element notion design perspective, the antenna elements to be considered for PC1/PC5/PC6 are: 32, 16, 16 [4-5]. However, we acknowledge that if we use such values to define Y/Z in RRM, the gain differences seem to be too tighten, since a good UE may has better performance than the minimum requirement of EIS peak. From this, we agree to define a loosen Y/Z to ensure the compatibility. The following [18]/[15.5] dB were agreed for Y and Z for PC1/PC5/PC6 with brackets in RAN4 #110, 
	Y
	
	Value “Y” in dB, for each UE power class

	1
	2
	3
	4
	5
	6
	7

	[18]
	9.0
	7.0
	FFS
	[15.5]
	[15.5]
	FFS


Z
	
	Value “Z” in dB, for each UE power class

	1
	2
	3
	4
	5
	6
	7

	[18]
	9.0
	7.0
	FFS
	[15.5]
	[15.5]
	FFS





The derivation behind the values are
	Power Class
	# of antenna elements
	Y/Z

	PC1
	64
	10*log(64)=18

	PC5
	36
	10*log(36)=15.5

	PC6
	36
	10*log(36)= 15.5


where 64/36/36 are typical implementations, mentioned in [6]. It is reasonable for us to adopt such values to compute Y/Z in Annex B, and the square brackets on those numbers can be removed accordingly.
Proposal 1: For the gain difference Y and Z between fine beam and rough beam for PC1/5/6, the square brackets can be removed.
Table B.2.1.3.1-1: Gain difference Y between fine and rough beams, Rx beam peak direction
	Value "Y" in dB, for each UE power class

	1
	2
	3
	4
	5
	6
	7

	18
	9.0
	7.0
	FFS
	15.5
	15.5
	FFS


Table B.2.1.3.2-1: Gain difference Z between fine and rough beams, Spherical coverage directions
	Value "Z" in dB, for each UE power class

	1
	2
	3
	4
	5
	6
	7

	18
	9.0
	7.0
	FFS
	15.5
	15.5
	FFS


2.2 What is the UE gain G for PC 1/5/6?
Actually, the minimum and maximum allowable value of G can be derived as below:
· Minimum allowable value of G:
We take PC6 as example, from our understanding, the value can be derived from EIS requirements and Refsens based on the following HST SLS assumption, some assumed parameters are updated on top of our contribution submitted in last meeting [9].
	28GHz，n257
	

	Max. RX BW (Max. Received Bandwidth)
	50 MHz

	IL (Implementation Losses)
	[7.6 dB]

	UE Noise Figure (F_UE)
	 10 dB (from 38.854)

	Nktb (Thermal noise level)
	-174 dBm/Hz

	Diversity Gain
	0 

	SNR/SINR
	-1 dB (SNR target of -1 dB)

	Reference sensitivity for power class 6 
	-92.6 dBm

	Reference sensitivity for power class 1
	-97.5 dBm


Then based on the definition of Sensitivity equation in mmWave, that is  
Sensitivity = -174dBm(Nktb) + 10*log(Max. RX BW) + NF – Total Ant. gain - diversity gain + SNR + ILs    (1)
Then, we can obtain:
 dBi           (2)
And the  dBi also align to observation in [6]. Following the previous logic to obtain minimum allowable gain for PC3, that is considering there is a 2*Y dB difference between fine and rough beam [8], then the minimum rough antenna gain in the peak direction is 12-2*Y. If we can align Y=15.5 for PC6, we then obtain -19 dBi. Furthermore, a 3 dB margin is allowed for electrical losses, then finally we have -22 dBi for the minimum allowable value of G.
The same logic, for PC5,  dBi, for PC1,  dBi, then for PC5: Gmin= -22 dBi, for PC1: Gmin=17-2*18=-22 dBi
· Maximum allowable value of G:
Although we can understand the intention of defining 57 dBi, the value is too large. A large value will make the testing becomes meaningless, and actually we wonder that whether such a high gain could practically be used in a NR UE.  Of course, if we to define the maximum allowable value of G based on (5+10log(16)+3)+3, the range is too stringent. To guarantee the compatibility, we prefer to use the following values: 64/36/36 to define the 
PC1: +3=26 dBi
PC5: +3=23.5
PC6: +3=23.5
Proposal 2: The UE gain G for PC 1/5/6 are:
Table B.2.1.5.1-1: UE gain G, Rx beam peak direction
	
	UE Power class

	
	1
	2
	3
	4
	5
	6
	7

	Minimum, dBi
	-22
	FFS
	-10
	FFS
	-22
	-22
	FFS

	Maximum, dBi
	+26
	FFS
	+20
	FFS
	+24
	+24
	FFS


2.3 What is the UE rough beam gain reduction D for PC 1/5/6?
For FR2 inter-frequency relative RSRP accuracy, the accuracy relaxation Ginter, D and E were introduced. To be specific, the D and E are taken as the additional margins to compensate the impact of mis-alignment between fine beam and rough beam. The D is used to limit the lower bound of SS-RSRP relative accuracy test requirement (Table A.7.7.1.2.3-2), and the corresponding explanation can be found in TR 38.903, below:
	TR 38.903 Section A.2.2	UE Fine beams and Rough beams


Figure A.2.2.1-3: Fine and rough beams alignment, Rx Beam peak direction


For PC6, actually, the test A.7.7 will not to be discussed in HST in Rel-18, and the discussions was not occurred in Rel-17. And checked with RAN5, they don’t need the parameter as well. From this, we think there is no need to define D for PC6.
Proposal 3: There is no need to define the value of rough beam gain reduction “D” in B.2.1.5 for PC6
Recalling the derivation of D for PC3, we can find that the 5.5 dB is from 3.5 dB difference plus additional margin (insufficient sample) 2 dB, while the worst case 3.5 dB (SSB_RP3, peak - SSB_RP2, 50% sphere coverage)) highly depends on the UE implementation and simulation results [7]. From this, we think it is a little bit difficult to obtain a precise solution in terms of the D for PC1/PC5. Let’s try to give a rough analysis by taking FWA as example:
1) More active antenna element considered for PC1 than PC3 (32 vs 4)
2) Beamformed EIS theoretically would improve by 3 dB when doubling the number of active antenna element in an array approximately
3) Spherical coverage for FWA UE type: 8.0 dB down from peak at 85%-tile point of CDF, and the spherical coverage can be relatively narrow
From this, we think the D for FWA will become looser, since the narrower the beams, the severer the impact of mis-alignment between fine beam and rough beam.
Observation 1: The D for FWA will become looser than PC3.
To derive the D roughly,

For PC1, the X=-8, for PC5, the X=-8. Then we have 
Proposal 4: The value of rough beam gain reduction “D” in B.2.1.5 for PC1/PC5 are as follows:
Table B.2.1.5.3-1: Rough Beam gain reduction “D” in Rx Beam Peak direction 
	
	UE Power class

	
	1
	2
	3
	4
	5

	Maximum gain reduction, dB
	10
	FFS
	5.5
	FFS
	10



2.4 What is Ginter for PC 1/5/6?
Ginter is the margin due to different antenna gain on different bands, which comes from RF transceiver gain difference. Separation in frequency between two carriers no matter in inter-/intra-band is the main thing. Since in HST, the applicable frequency band is 28 GHz, the candidate frequency bands including band n261, n257 and n258, which in line with PC3 assumption. That means the Ginter is still applicable to PC6 and so as the PC1. But we are skeptical about the applicability of the Ginter for PC5, since n261 is not considered for PC5.
Proposal 5: For UE gain difference between inter-frequencies Ginter, 3dB for PC1 and PC6
2.5 Whether UE gain to PRS-RSRP measurement point for FR2 needs to be defined for PC 1, PC 5, and PC 6?
Regarding Clause 2.1.6 Gain to PRS-RSRP measurement point for FR2, since the section was introduced for PRS based measurement, the PRS-RSRP accuracy requirement, which is for FR2 positioning topic instead of HST, and positioning discussion was not included in the HST scope, we don’t think there is a need to define the parameter for PC6
Proposal 6: There is no need to define G gain in Clause 2.1.6 Gain to PRS-RSRP measurement point for FR2 for PC6
Regarding the other PCs, have checked the intention and discussion of introducing G to PRS-RSRP measurement point for FR2 in Annex B [10], the same value as G in Table B.2.1.5.1-1 was used for PC3. From this, if we can achieve alignment on G defined to SS-RSRP and CSI-RSRP measurement point for FR2 in Section 2.2, we prefer that
Proposal 7: For the UE gain to PRS-RSRP measurement point for FR2 for PC1/PC5
Table B.2.1.6.1-1: UE gain G, Rx beam peak direction
	
	
	UE Power class

	
	1
	2
	3
	4
	5
	7

	Minimum, dBi
	-22
	FFS
	-10
	FFS
	-22
	FFS

	Maximum, dBi
	+26
	FFS
	+20
	FFS
	+24
	FFS


3 Conclusions
In this contribution, we provided our viewpoints to RAN5 LS on defining the missing relative angular offsets and UE gain-related parameters for different power classes to RAN4. The following observations and proposals are obtained:
Observation 1: The D for FWA will become looser than PC3.
Proposal 1: For the gain difference Y and Z between fine beam and rough beam for PC1/5/6, the square brackets can be removed.
Table B.2.1.3.1-1: Gain difference Y between fine and rough beams, Rx beam peak direction
	Value "Y" in dB, for each UE power class

	1
	2
	3
	4
	5
	6
	7

	18
	9.0
	7.0
	FFS
	15.5
	15.5
	FFS


Table B.2.1.3.2-1: Gain difference Z between fine and rough beams, Spherical coverage directions
	Value "Z" in dB, for each UE power class

	1
	2
	3
	4
	5
	6
	7

	18
	9.0
	7.0
	FFS
	15.5
	15.5
	FFS


Proposal 2: The UE gain G for PC 1/5/6 are:
Table B.2.1.5.1-1: UE gain G, Rx beam peak direction
	
	UE Power class

	
	1
	2
	3
	4
	5
	6
	7

	Minimum, dBi
	-22
	FFS
	-10
	FFS
	-22
	-22
	FFS

	Maximum, dBi
	+26
	FFS
	+20
	FFS
	+24
	+24
	FFS


Proposal 3: There is no need to define the value of rough beam gain reduction “D” in B.2.1.5 for PC6
Proposal 4: The value of rough beam gain reduction “D” in B.2.1.5 for PC1/PC5 are as follows:
Table B.2.1.5.3-1: Rough Beam gain reduction “D” in Rx Beam Peak direction 
	
	UE Power class

	
	1
	2
	3
	4
	5

	Maximum gain reduction, dB
	10
	FFS
	5.5
	FFS
	10


Proposal 5: For UE gain difference between inter-frequencies Ginter, 3dB for PC1 and PC6
Proposal 6: There is no need to define G gain in Clause 2.1.6 Gain to PRS-RSRP measurement point for FR2 for PC6
Proposal 7: For the UE gain to PRS-RSRP measurement point for FR2 for PC1/PC5
Table B.2.1.6.1-1: UE gain G, Rx beam peak direction
	
	
	UE Power class

	
	1
	2
	3
	4
	5
	7

	Minimum, dBi
	-22
	FFS
	-10
	FFS
	-22
	FFS

	Maximum, dBi
	+26
	FFS
	+20
	FFS
	+24
	FFS
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Relative angular offsets between active Missing Missing
probes (clause A.3.15.3)

Gain difference Y (Table B.2.1.3.1-1) Missing Missing Missing
Gain difference Z (Table B.2.1.3.2-1) Missing Missing Missing
Minimum SSB_RP for SSB based L1- Missing
RSRP (clause B.2.4.1)

Minimum CSI-RS_RP for SSB based L1- Missing

RSRP (clause B.2.4.2)

UE Gain (clause B.2.1.5 and B.2.1.6) Missing Missing Missing





