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1    Introduction

There is a very big imbalance of 3.5 GHz 5G NR between uplink and downlink coverage, and we need to increase the uplink coverage. We suggest that 3.5GHz 5G NR UE’s maximum output power can be defined as +26dBm. In this contribution, we discuss the potential solutions for 3.5GHz 5G NR HPUE. 
2    Discussion
As stated in [1] and [2], we suggest 3.5 GHz band (3.3-4.2GHz) as a harmonized TDD band for the first phase of the NR WI. And we suggest that the UE maximum output power can refer to B41 HPUE, defined as +26dBm for 3.5GHz 5G NR UE.
2.1 3.5GHz 5G NR Uplink limit
According to CMCC’s simulation results, we preliminary calculated the PRACH MAPL and PDCCH MAPL for Control Channel, and also calculated UL/DL MAPL for Traffic Channel as below.
	Control Channel 
	PRACH MAPL (dB) 
	PDCCH MAPL (dB) 

	AntennaConfig.
	2Tx*64Rx
	64Tx*4Rx

	Noise Power (dB)
	-128.7
	-125.2

	Sensitivity - Composite
	-140.5
	-130.7

	Total System loss Margin (dB)(Dense Urban/Urban)
	39.6
	42.6

	SNR for MCS Level - 1%BLER(dB) 
	-11.8 
	-5.5 

	3.5GHz
	125.87@26dBm/20MHz 
	129.85@46dBm/20MHz 


Table 2-1:  The PRACH MAPL and PDCCH MAPL of 3.5GHz 5G NR’s Control Channel
	Traffic Channel 
	Time slot allocation(UL:DL) 
	UL MAPL (dB) 
	DL MAPL (dB) 

	3.5GHz

DL 8Mbps + UL 512Kbps, 

UE: 2T4R, BS: 64T64R 
	1:3 
	118.62
@26dBm/20MHz 
	128.92
@46dBm/20MHz 

	
	2:2 
	121.59
@26dBm/20MHz 
	126.79
@46dBm/20MHz 


Table 2-2:  The UL MAPL and DL MAPL of 3.5GHz 5G NR’s Traffic Channel
The above calculation is based on +26dBm for UE maximum output power and 2Tx, the results show that even with the UE maximum output power of +26dBm and 2Tx, 5G coverage is still UL limited, both for the Control Channel and the Traffic Channel. The obvious imbalance between UL and DL coverage will definitely impact the subscribers’ experience. 
Observation 1: 3.5 GHz 5G NR is UL limited, both for the Control Channel and the Traffic Channel.
2.2 Potential Solutions for 3.5GHz 5G NR HPUE 
As discussed above, there is an obvious imbalance between 3.5GHz 5G NR uplink and downlink coverage. And considering the technical status of the industry chain, +26dBm, the maximum output power of Power Class 2 UE, could be the most practical and suitable choice for the 3.5GHz 5G NR UE at this stage.
Based on our research and development experience for Power Class 2 UE, with the maximum output power to be +26dBm (C), there are several key points need to be considered.

The 1st one: For a Power Class 2 UE, the output power of RFIC (A) is usually no less than 3dBm. However, for a Power Class 3 UE, the output power of RFIC (A) is usually less than 3dBm. 

The 2nd one: For a Power Class 2 UE, the typical maximum output power of PA (B) is no less than 31dBm, with the assumption that the insertion loss of the post-PA part (B-C) is about 5dB. However, for a Power Class 3 UE, the maximum output power of PA (B) is usually no more than 28dBm with the same assumption as Power Class 2 UE.

The 3rd one: Generally, the tolerable input power of the post-PA filter in a Power Class 3 UE is no more than 30dBm. But for a Power Class 2 UE, the tolerable input power of the post-PA filter should be no less than 33dBm.
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Figure1:  Several key power values of Power Class 2 UE
Based on the status of the RF FE industry chain, generally speaking, when relative bandwidth is less than 12%, the miniaturized acoustic filters could be used in 5G NR UE, such as SAW, BAW, FBAR, etc. And when relative bandwidth is more than 12%, the ceramic filters could be considered to be used in 5G NR UE. Note: ‘relative bandwidth’ above refers to ‘bandwidth of the frequency band/central frequency’.
Although the ceramic filters don’t have any advantages in roll-off or size, high power filters have fewer challenges than high power PA. And the high power PA has become the bottleneck of the HPUE design.
Compared with the Power Class 3 PA, the Power Class 2 PA will generally require more active area to support the higher peak level, which will increase the capacitive parasitic and reduce the output impedance. So there will be a reduction in efficiency of a few points. Additionally, since the available PA drive does not increase, the Power Class 2 PA needs to have 3dB more gain than the Power Class 3 PA. This will generally force the use of a 3 stage PA while a 2 stage PA is more preferable for a Power Class 3 UE.
Based on the wide bandwidth requirement of 3.3~4.2GHz, there are several potential solutions to realize the high power PA as below. 
	PA
	Frequency Range (GHz)
	Relative Bandwidth

	Solution 1
	3.3~3.8
	14.1%

	
	3.8~4.2
	10.0%

	Solution 2
	3.3~3.8
	14.1%

	
	3.7~4.2
	12.7%

	Solution 3
	3.3~3.8
	14.1%

	
	3.8~4.2
	10.0%

	Solution 4
	3.3~3.8
	14.1%

	
	3.7~4.2
	12.7%

	Solution 5
	3.3~3.6
	8.7%

	
	3.6~4.2
	15.4%

	Solution 6
	3.3~3.7
	11.4%

	
	3.6~4.2
	15.4%

	Solution 7
	3.3~3.8
	14.1%

	
	3.6~4.2
	15.4%

	Solution 8
	3.3~3.4
	3.0%

	
	3.4~3.6
	5.7%

	
	3.6~4.2
	15.4%

	Solution 9
	3.3~3.6
	8.7%

	
	3.6~3.8
	5.4%

	
	3.8~4.2
	10.0%

	Solution 10
	3.3~3.6
	8.7%

	
	3.5~3.9
	10.8%

	
	3.8~4.2
	10.0%

	Solution 11
	3.3~3.8
	14.1%

	
	3.6~4.0
	10.5%

	
	3.8~4.2
	10.0%

	Solution 12
	3.3~4.2
	24.0%


Table 1:  Some potential PA solutions for 3.3~4.2GHz
Based on Table 1 above, Solution 1~Solution 11, with smaller relative bandwidth, could be much easier to be realized. And Solution 1~Solution 7 could be more cost-effective for using less PA units. In addition, generally speaking, for the same frequency range, PAE for Power Class 2 might be 3 points less than the PAE for Power Class 3. As stated in this paper, 3.5GHz 5G NR HPUE is achievable although may face a few points of PAE penalty.
Observation 2: 3.5GHz 5G NR HPUE is achievable although may face a few points of PAE penalty.
As stated above, 3.5GHz 5G NR is UL limited, both for the Control Channel and the Traffic Channel. Considering the technical status of industry chain, in order to reduce the big imbalance between 3.5GHz 5G NR uplink and downlink coverage, it is very important and practical to have +26dBm as baseline maximum output power for 3.5GHz 5G NR UE from Release 15
Proposal 1: It is proposed that +26dBm should be the baseline UE maximum output power for the 3.5GHz 5G NR UE from Release 15.
3   Conclusions
According to our analysis, we get the following observations and proposal.
Observation 1: 3.5 GHz 5G NR is UL limited, both for the Control Channel and the Traffic Channel.
Observation 2: 3.5GHz 5G NR HPUE is achievable although may face a few points of PAE penalty.
Proposal 1: It is proposed that +26dBm should be the baseline UE maximum output power for the 3.5GHz 5G NR UE from Release 15.
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