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1. Introduction
In RAN4#NR-AH2 meeting, the introduction of HPUE, 2x2 UL MIMO and UL 256QAM for NR were discussed in [2, 3], especially for the newly defined 3.3-3.8GHz band. It was agreed to specify such features but it is still open whether these are mandatory or optional. In this contribution we summarize the agreements and expose further aspects to be considered for the support of these features.
2. Discussion
The following captures the agreements related to HPUE, 2x2 MIMO and UL 256QAM support. 

R4-1706932 on HPUE, Agreement: 31 dB for NR vs LTE and NR vs NR with the same channel bandwidths.
R4-1706557 on 2x2 UL MIMO and UL 256QAM, Aggreement: proposal 1 and 2. If this feature is optional or mandatory FFS.
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.
R4-1706980 on MPR assumptions
· TX maximum output power: Sub6, Conducted power of both 23 dBm and 26 dBm.
· ACLR: Sub6, PC2(26dBm) [R4-1706556], 31 dBc for NR vs LTE and NR vs NR with the same channel bandwidths.
· EVM: Sub6, For both DFT-s-OFDM, CP-OFDM [R4-1706612]
	Modulation
	EVM

	Pi/2 BPSK
	FFS%

	QPSK
	17.5%

	16QAM
	12.5%

	64QAM
	8%

	256QAM
	3.5%


2.1. Considerations for HPUE Support
2.1.1 ACLR Requirement

It was agreed that 31dBc is applied for NR/NR and NR/EUTRA ACLR in the case of HPUE, but as already demonstrated for PC3 case, the NR/EUTRA case is automatically covered by the NR/NR case since NR ACLR measurement BW is wider than EUTRA case.
For B41 LTE HPUE, UTRA ACLR was not considered and it was also decided that for NR, UTRA ACLR should be considered as an AMPR case rather than MPR. To fully benefit from HPUE, UTRA ACLR should be ignored or HPUE should not be deployed next to a UTRA channel if a band already supports it.
2.1.2 Power Sharing NSA Operation
In NSA operation, the power should be balanced between the NR UL and LTE UL. In the case of HPUE, that sharing and maximum output power for each side may also depend on the UL duty cycle of each link as already discussed in [6]. Furthermore, there could be some further cases depending on extra support for 2x2MIMO, power boost options and potentially also depending on LTE link power class. Given this, power sharing mechanism for HPUE may need a separate study.
2.1.3 Power Boost Options

As already discussed in [5], the HPUE definition opens possibilities for even higher power when lower duty cycle than 40% are used. We would like to further explore these possibilities and attach different HPUE PCmax depending at least on frame structure and potentially based on DTX and NSA power sharing scheme. 
It should be noted that HPUE is especially discussed for UL/DL balancing, which is already a dilemma for TDD systems in terms of UL/DL duty cycle ratio. With power boost opportunities up to 3dB that exist for DFT-s-OFDM QPSK partial allocation inside the channel, given a duty cycle <25%, it could be feasible to achieve similar UL data rates for a 20% UL duty cycle versus the current 40% assumed for HPUE and thus open for another 20% duty cycle for DL. As explained here, the PCmax versus duty cycle is an essential optimization criteria for DL data rate for TDD system, thus it is necessary to consider the power boost concept.
2.1.4 Summary of Observations for HPUE

Observation 1 for NR HPUE:
· NR/EUTRA ACLR is automatically verified when NR/NR ACLR is covered.

· Similarly to B71 HPUE, UTRA ACLR should be ignored.
· NSA power sharing requires specific study for HPUE case.
· The power boost option should be considered to further improve UL/DL data rate balancing for NR HPUE with duty cycles <25%.
2.2. Considerations for 2x2 UL MIMO Support

2.2.1 Power Sharing 2x2 MIMO Operation

In 2x2 MIMO case total power for the two antennas is equal to PCmax, there is three cases:

1. Both antennas active: each antenna is at PCmax-3dB (20dBm for PC3, 23dBm for PC2).
2. Only antenna 1 active: antenna 1 power is at PCmax (23dBm for PC3, 26dBm for PC2).
3. Only antenna 2 active: antenna 2 power is at PCmax (23dBm for PC3, 26dBm for PC2).
Implementation need to be able to deliver PCmax at both antennas, this may imply two “full power” PAs, but other implementations are also feasible.

Also it may be feasible to pass SAR criteria even without 3dB power reduction at each antenna when both are active, this is left to UE implementation.

Similarly, assuming power boost is adopted for HPUE for duty cycle <25%, at least as an optional feature, it should become feasible to deliver 26dBm on the two antennas simultaneously.

It is also clear that MPR could be revised in the case of 2x2MIMO when two antennas are active: since there is already 3dB back-off and the architecture should be able to deliver PCmax on each antenna it should be feasible, for example, to ignore MPR for CP-OFDM.
2.2.2 Power Sharing NSA Operation

In NSA operation the power need to be shared between LTE UL and NR UL, in the case of 2x2 UL MIMO. The output power per antenna (when both are active) should be between PCmax-6dB and PCmax-3dB, depending on LTE side output power. The highest NR 2x2 MIMO power could be reached when say the LTE power is < PCmax-10dB. More elaborate rules have been proposed in [5] and should be further studied including the 2x2 MIMO case.
Again, in this case some MPR rules should be revisited to enable highest power for CP-OFDM waveforms for example, similarly for power boost cases.
2.2.3 Summary of Observations for 2x2 MIMO

Observation 2 for NR UL 2x2 MIMO:
· Architecture must be able to deliver PCmax power on each antenna when only one is active.
· There is opportunity to study under which conditions the 3dB reduction does not apply when two antennas are active: power balancing in NSA, power boost option, or not using MPR for some waveforms.
2.3. Considerations for UL 256QAM Support

2.3.1 TX Impairments

EVM requirement of 3.5% has been agreed for 256QAM like for LTE, it is proposed that the TRX and PA impairment budget already agreed for B41 HPUE is reused:
· Single carrier C_IM3 = 60dB.
· EVM requirement for each contributor could be summarized as following:
	Tx EVM contributor
	EVM
	SNR(dB)

	PA
	1.85%
	34.7

	Transmitter
	1.19%
	38.5

	Phase noise
	1.78%
	35 

	IQ imbalance
	2.06%
	33.7 

	Total
	3.5%
	29.1


2.3.2 IBE

In LTE the IBE requirement has not been updated for UL256QAM, for NR we believe that IBE for UL256QAM is developed accounting for varying SCS but also that the image and carrier rejection agreed above are specified for UL256QAM. If the UL 256QAM is adopted as the generic IBE it is all the better.
2.3.3 UL 256QAM in the Context of HPUE

UL 256QAM support with HPUE has not been finalized for LTE, given the fact that UL256QAM is EVM limited and that HPUE operating point is slightly more linear due to 1dB higher ACLR requirement, UL 256QAM MPR for HPUE may be different and lower than for PC3 UE.
2.3.4 Summary of Observations for 2x2 MIMO

Observation 3 for NR UL 256QAM:
· LTE UL 256QAM transmitter impairment can be reused as the basis for NR requirement.
· IBE for NR needs to derive proper specification for UL256QAM vs SCS and include associated image and carrier leakage.
· UL 256QAM MPR for NR HPUE may be lower than PC3 case.
3. Conclusion
This contribution discusses the recent agreements to specify HPUE, 2x2 UL MIMO and UL 256QAM for NR sub-6GHz. It further discusses these aspects and their implications, in the NR context including NSA operation and allowed the following observations.
Observation 1 for NR HPUE:
· NR/EUTRA ACLR is automatically verified when NR/NR ACLR is covered.

· Similarly to B71 HPUE, UTRA ACLR should be ignored.

· NSA power sharing requires specific study for HPUE case.

· The power boost option should be considered to further improve UL/DL data rate balancing for NR HPUE with duty cycles <25%.

Observation 2 for NR UL 2x2 MIMO:
· Architecture must be able to deliver PCmax power on each antenna when only one is active.

· There is opportunity to study under which conditions the 3dB reduction does not apply when two antennas are active: power balancing in NSA, power boost option, or not using MPR for some waveforms.

Observation 3 for NR UL 256QAM:
· LTE UL 256QAM transmitter impairment can be reused as the basis for NR requirement.
· IBE for NR needs to derive proper specification for UL256QAM vs SCS and include associated image and carrier leakage.
· UL 256QAM MPR for NR HPUE may be lower than PC3 case.
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