Page 1

3GPP TSG-RAN WG4 Meeting #96-e	R4-2009706
Electronic Meeting, 17 – 28 August 2020
Agenda Item:	10.20.1
Souce:		Samsung
Title:	Views on new power class for FWA UE
[bookmark: _GoBack]Document for:	Approval
Introduction 
A way forward on spherical coverage improvement was approved in RAN4 #95-e to summarize proposed options before deciding peak EIRP and EIS requirements, and to capture agreements on its spherical coverage requirements for both EIRP and EIS as follows [1] . 
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However, since the WF has remaining issues on peak EIRP and REFSENS, and the spherical coverage shall be based on the requirements to reach the final number, this paper provides our views for concluding the peak EIRP and REFSENS in RAN4 #96-e.
Discussion
RAN4 has received a number of link budget tables for peak EIRP and REFSENS from interested companies to derive each requirement. The summary of proposals can also be found in Table 1 and Table 2, respectively [2]. 
Table 1: Proposed link budget tables for peak EIRP
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Table 2: Proposed link budget tables for REFSENS
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As described in [3], the major target of this WI is to define higher peak EIRP than the requirement of the handheld UE (PC3) while guaranteeing the maximum TRP that shall be lower than 23 dBm, i.e., equal to the max TRP of the PC3. The max TRP and peak EIRP can be calculated with the following equations respectively:
Max TRP (worst value) = Total conducted power per polarization + polarization gain (best case 3dB) + Total implementation loss (best case)
Peak EIRP (minimum) = Total conducted power per polarization + polarization gain (worst case 2.5dB) + Total implementation loss (worst case)
Observation 1: The major target of this WI is to define higher peak EIRP than the handheld UE (PC3) while guaranteeing the maximum TRP that shall be lower than 23 dBm.
Minimum peak EIRP
The WF capturing the proposed options for the peak EIRP based on companies contributions is as follows.
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As mentioned in the previous section, the max TRP should be the main point of this WI discussion which shall be lower than 23 dBm. Therefore, RAN4 has to look into the number of antenna elements which is the key to ensure the max TRP. It was also a main topic in RAN4 #95-e to move forward with reasonable assumptions between 8 and 16 elements.
In our view, if 16 elements option is considered, the Pout per element must be lower to 8 dBm that may not be available in market due to the low output power module. Even if 14 dBm module is applied, its output power capability will be significantly wasted, and the performance benefits will be limited by the max TRP at the same time. Moreover, the calibration tolerance also needs to be taken care of as reflected in [4] given the TRP limitation. Unless RAN4 leaves enough room for the tolerance, our efforts on the new FWA UE power class may not comply with the regulatory requirement.
Observation 2: 16 elements option has limited performance benefits in terms of the low output power per element and calibration tolerance to comply with the regulatory requirement of the max TRP.
For 8 elements assumption, in our view, it seems the best trade-off as a moderate element number and obvious performance improvement compared with PC3 based on the analysis above. Therefore, our preference amongst options for peak EIRP is either of Option 1 with 28 dBm or Option 2 with N=8.
Observation 3: 8 elements option is the best trade-off between the regulatory requirement and performance improvement compared with PC3.
Proposal 1: Peak EIRP for the new FWA power class should be 28 dBm of Option 1 or Option 2 with N=8.
One argument for the new FWA UE power class was that it is better to have multiple power classes, i.e., PC5 and PC6, without performance justifications as Option 3 if RAN4 cannot reach a consensus on the antenna element number. However, the option should not be listed in the new FR2 power class discussion because it has been defined with assuming independent UE type and regulatory background. Moreover, the FR2 power class only specifies a lower limit so that a UE meets the requirement as long as it exceeds the defined limit. Therefore, the different power class does not mean different UE performance in FR2, and it cannot be used as a criterion of good UE or bad UE. In our view, it is the good UE to meet the minimum requirement, and the bad UE should blocked by specifying the appropriate limit through the RAN4 discussion.
Observation 4: The FR2 power class is defined with assuming independent UE type and regulatory background, thus different power class does not mean different UE performance in FR2.
In addition, the practical UE output power is intricately related to other factors including the maximum permissible emission (MPE) and the multi-band relaxation (MBR), and the MBR is also under discussion within the same WI. In this context, if the two power classes are needed due to the network performance of the new FWA UE, the analysis should be based on the actual power level including other factors as well as the peak EIRP rather than considering the multiple power classes.
Proposal 2: Option 3 should be excluded from the FR2 power class discussion.
REFSENS
In order to determine appropriate value of REFSENS, several options are also listed up in the WF as follows.
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Similar to the peak EIRP, the antenna element number has also been considered for REFSENS discussions to align with its peak EIRP assumption. Based on our analysis with N=8 in the previous section, our preference is consequently more like either of Option 1 with -92 dBm or Option 3 with N=8. 
Proposal 3: REFSENS for the new FWA power class should be -92 dBm of Option 1 or Option 3 with N=8
However, although the antenna element is a key parameter to find out the maximum or possible TRP budget, it should be noted that RAN4 does not specify the antenna assumption to derive its minimum requirement of UE RF. For example, even though the antenna characteristic is considered or included in the budget table for the requirement of FR2 power classes, the specification only specifies the final limit for the conformance test. Therefore, taking an averaging option with proposed values can be an alternative way to move forward as a compromise without spending more time for the antenna element convergence. It is also important for RAN4 and FR2 companies to meet the WI schedule and new FWA market on time.
Observation 5: RAN4 only specifies the minimum requirement for FR2 power classes without link budget assumptions, thus meeting the WI and market schedule might be more important than the antenna element convergence discussion.
Conclusions
In this contribution, we provide our views on the new FWA UE power class in order to conclude the requirements right on time. Our observations and proposals are summarized as follows.
Observation 1: The major target of this WI is to define higher peak EIRP than the handheld UE (PC3) while guaranteeing the maximum TRP that shall be lower than 23 dBm.
Observation 2: 16 elements option has limited performance benefits in terms of the low output power per element and calibration tolerance to comply with the regulatory requirement of the max TRP.
Observation 3: 8 elements option is the best trade-off between the regulatory requirement and performance improvement compared with PC3.
Proposal 1: Peak EIRP for the new FWA power class should be 28 dBm of Option 1 or Option 2 with N=8.
Observation 4: The FR2 power class is defined with assuming independent UE type and regulatory background, thus different power class does not mean different UE performance in FR2.
Proposal 2: Option 3 should be excluded from the FR2 power class discussion.
Proposal 3: REFSENS for the new FWA power class should be -92 dBm of Option 1 or Option 3 with N=8
Observation 5: RAN4 only specifies the minimum requirement for FR2 power classes without link budget assumptions, thus meeting the WI and market schedule might be more important than the antenna element convergence discussion.
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Parameter Unit R4-2003535 R4-2006432 R4-2007110 R4-2008175

Operating bands  n257/n258 n257/n258 n258 n257 n257/n258 n257, n258

Modulation

QPSK

QPSK QPSK QPSK

SNR requirement dB

-1

-1 -1 -1 -1 -1

Bandwidth MHz

50

50 50 50 50 50

Thermal noise dBm/Hz

-174

-174 -173.8 -173.8

-97

 (10log[(k*T*BW)/1mW])

-174

Noise Figure dB

10.5

10 9 9 10 12

Number of antenna in an array

8

8 16 16 16

Array gain dB

9

9 11 11

Element gain dBi

3.3

4.5 13.6 14.1 4

Diversity gain dB

0

0 -0.8 -0.8 0

Antenna gain roll-off over frequency dB

-1.5

-1 -1.5

Beamforming loss dB

-1.5

-1 -0.25

Total insertion loss dB

-6

-6.6 8.3 9.5 7 -8.3

REFSENS for 50MHz CBW dBm -90.8 -92.9 -94.2 -93.5 -92 -93.3

R4-2006776
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* On how to determine appropriate value of min. peak EIRP

* Option 1: Identify target dBm values, no consideration for element count
* 26, 28, 32, etc
Option 2: Average company estimates to derive requirement after convergence
on element count ‘N’
* N=8, N=16
Option 3: Create multiple power classes that differ in min. peak EIRP value
* PC5~32dBm
* PC6~28 dBm
Option 4: Repurpose existing power classes with additional signaling

* Example: PC2 in ‘FWA condition’ is expected to produce +28 dBm of peak EIRP, and 8 dB
degradation at 85™ %ile

Option 5: if 2 power classes is agreed, need to define Refsens for each power class
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* On how to determine appropriate value of REFSENS

* Option 1: Identify target dBm values for SNR of -1 dB, 50MHz channel, no
consideration for element count
* Examples: -90.5, -91.5, etc,
* Option 2: Average company estimates to derive requirement

* Option 3: Average company estimates to derive requirement after
convergence on element count ‘N’
* N=8, N=16
* Option 4: Pick highest REFSENS among proposals to derive requirement
* Highest REFSENS is most relaxed value that is inclusive of all proposals
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* Japan FWA shall have 8 dB degradation in requirement in 85t %ile
direction, from peak direction requirement
* EIRP in 85%ile direction (CDF) is min peak EIRP — 8 dB
* EIS in 85%ile direction (CCDF) is REFSENS + 8 dB
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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


