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1
Introduction

In the last RAN4 NR adhoc meeting, some uplink enhancement schemes were proposed and discussed [1] at 3.5GHz NR new band to improve higher user throughput and the uplink coverage at cell edge due to the additional diversity gain. 

· Proposal 1: it is proposed to specify UE with 2Tx for 3.5GHz in Rel-15 NR WI.
· Proposal 2: it is proposed to specify uplink 256QAMz for 3.5GHz in Rel-15 NR WI.
This contribution provides our view on the uplink enhancement for NR UE at 3.5GHz. 

2
Analysis on 2Tx UL-MIMO for NR new band at 3.5GHz 
To study UE impacts as smart phone factor, we show the agreement for 3.5GHz new NR band as below.

· Areements for 3.5GHz new band
· Specify both PC2 and PC3 UE for 3.5GHz NR frequency range in Rel-15
· Shall support 4Rx requirements
· UL 256QAM supporting (w/ QPSK,16QAM, 64QAM)
· Specify 2Tx (for diversity and UL-MIMO) requirements
And also some agreements as below of NR UE for supporting LTE system and/or NR system will impact to 5G NR UE size and UE cost aspects.
· Basic NSA UE to support 3.5GHz new band
· NSA UE support LTE CA (xDL/1UL) + NR 1CC :x=1,2,3,4,5
· SA UE support inter-band NR CA

· NR 3.5GHz (mCC)+ NR 28GHz (nCC)

· SA UE support intra-band NR CA

· NR 3.5GHz (xDL/1UL)

. Based on the above assumptions, target 5G NR UE size and cost will be quite impact to design the commercial NR UE as below
For the 256QAM supporting issues was already approved in LTE system in rel-14. It is depend on the EVM quality of PAM and FE component quality. However, current LTE system specify the UE variable categories according to the modulation schemes, supported # of CCs for CA, number of Rx ant. So we this 256QAM supporting issues will be specified at NR UE categories as optional feature at 3.5GHz NR new band.

The UL-MIMO issue is some different to support 256QAM modulation and not easy to acquire some space and suitable orthogonality in UE aspects.

We analyze the impact on supporting 2Tx mandateing issues as two part.  One is that 2Tx mandating on 3.5GHz NR new band as single CC.

· Impact to commertial NR UE for 2Tx on 3.5GHz single CC
· Size issue: Additional PA (2mm*2mm) for 2Tx + Additional DCDC(2.65mm*2mm) + Additional SW (1.1mm*1.1mm) ( (4+5.3+1.21)*1.3 (  total 13.66mm2 space will be increased. This impact depicted at Figure 1 as below.
· Cost issue: Additional PA module, RFIC and Additional Tx/Rx ant. (increase cost will be $ 3.2 + alpha to support 2UL-MIMO)
· Additional PA : $1.0

· Additional RFIC: FFS

· Additional ant. : $0.5

· DCDC: $1.5

· RF switch: $0.2
· Orthogonality issue in UE aspect: difficult to keep the orthogonality between each UL-MIMO antenna compare to eNB orthogonality. (small phone factor and difficult to keep low correlation between each ant. Position) ( UL-MIMO gain can be decreased compare to DL-MIMO gain.
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(a)  Front PCB                                                                 (b) behind PCB
Figure 1: Additional space for 2Tx UL-MIMO at PCB board 

The total RF space in UE perspective is about 14.2*10mm2+ 16*16mm2+14.5*8.5mm2 = 521mm2 to mount the RF components in UE side. So the increased space for UL-MIMO is about 3% for smart phone aspect when we consider only the additional RF components w/ ant. sharing RF architecture.
The second is that 5G CA UE to support both LTE/NR (sub-6GHz) and NR bands (sub-6GHz or mmWave) as below.

· Impact to commertial NR CA UE for 2Tx to support 3.5GHz NR + LTE/ NR
· Minimum 3 uplink transmission should be supported at two CCs. (currently do not define 3 uplink inter-band CA in LTE system)
· Battery life and desense problems by 3 simultaneous transmission will be raised

· Uplink Tx opportunity will be decreased by SAR issues ( Benefits of UL-MIMO is disappeared.
Based on the analysis on the 2 Tx UL-MIMO mandating issues, we propose as below

Proposal 1: 2Tx UL-MIMO at 3.5GHz will be supported by optional feature due to the increased cost, uncertainty of orthogonality and increased space problems.
Proposal 2: For uplink 256QAMz for 3.5GHz, RAN4 can supported by optional feature same as LTE system.
3
Conclusion
In this contribution, we propose the uplink enhancement for 5G NR in 3.5GHz new bands. Based on the our analysis results, we propose as below

Proposal 1: 2Tx UL-MIMO at 3.5GHz will be supported by optional feature due to the increased cost, uncertainty of orthogonality and increased space problems.
Proposal 2: For uplink 256QAMz for 3.5GHz, RAN4 can supported by optional feature same as LTE system.
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