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1. Introduction
One of the first agreements to be made, at least tentatively, are the UE Tx and Rx requirements.  Without having assumed Tx requirements, for example, it is not feasible to evaluate output power and MPR.  In fact, even evaluation of filter adaptation time and guard bands [1] are difficult to do without assumptions on Tx and Rx requirements.  This contribution provides discussion on an approach to establish UE general Tx requirements.
2. Discussion

2.1. Power class
One option to define RF requirements for NR-U is to reuse the eLAA requirements defined for Band 46.  However, another option is to reconsider these requirements in the context of unlicensed operation in 5 and 6 GHz bands.  For transmitter requirements, one consideration is whether the requirements should be defined with respect to an RF front-end that is similar to eLAA or one that is more similar to WiFi.  In fact, the same discussion occurred when requirements for eLAA were defined [2].  At that time, it was reasoned that PA’s for 5 GHz could be designed to support power class 3 output power levels while meeting LTE-based linearity; i.e., 30 dB ACLR with 1 dB backoff from maximum power for full allocation.  Since that time, however, there has been no significant deployment of eLAA.  While it is possible to design such PA’s, there may be benefit to considering a relaxed output power and linearity requirement more aligned with WiFi for NR-U as follows  

1. WiFi PA’s are readily available for 5 GHz,
2. The cost of device will be lower and a simpler power management and voltage regulation scheme,

3. Emission requirements comparable to those of WiFi will ensure that NR-U coexistence at the RF level will be similar to WiFi,

4. For operation at 5 and 6 GHz, the anticipated cell sizes are smaller and therefore using the same output power level as macro-cell deployment is not required and in fact may generate more interference,

5. It is more difficult to achieve higher output power levels with wider bandwidths at higher frequencies while maintaining good efficiency,
6. Potentially shorter switching times for filters and therefore faster adaptation can be realized.

At the same time, it is also recognized that there may be a desire for uplink performance that is more closely aligned with 4G eLAA, at least for maximum output power.  Therefore, it is proposed that two UE power classes are defined for the NR-U UE – power class 3 with maximum output power of 23 dBm and power class 5 with maximum output power of 20 dBm.  Due to limited time to complete the work item, it is proposed to first prioritize power class 5 and follow-up with power class 3 afterwards, perhaps in a follow-on work item.  Note also that the difference in power classes is not only the maximum output power, but the ACLR requirement will also differ.  Moreover, since the PA model will not be the same between the two power classes, the derived MPR and A-MPR may also not be the same.
Proposal:  Define both PC3 (23 dBm) and PC5 ([20] dBm) power classes for NR-U, with priority given to PC5.

The remainder of this paper focuses on PC5
2.2. PA modeling

In order to conduct the required simulations studies, it is important to first understand how the PA should be modeled.  Specifically, the size and power capability of the PA along with its linearity needs to be established.  For a PC5 PA model, an obvious starting point is to use a PA model designed for WiFi operation in the 5 to 6 GHz frequency range.  Moreover, in order to properly calibrate the PA for worst case performance, the conventional approach has been to find a reference waveform at an output power level for which linearity requirements, including ACLR, SEM, spurious emissions, etc., are just met and to calibrate that against a fixed power relative to maximum output power, say 1 dB MPR.  Since none of the relevant requirements, including MOP, ACLR, SEM, EVM, have been agreed yet, the PA model calibration is a moving target.  On the other hand, the PA model helps to assess feasibility of meeting certain performance requirements.  Thus, we expect the PA modeling and Tx requirements to be an iterative process.  For a reference waveform, we suggest a fully allocated, QPSK modulated DFT-s-OFDM signal at a TBD power level.
Proposal:  A reference waveform and PA model calibration setpoint are needed.  It is proposed that for the purpose of aligning simulations, a fully allocated, QPSK modulated DFT-S-OFDM signal is used as the reference waveform.
2.3. ACLR

To enable similar RF-level coexistence performance to WiFi, the ACLR for NR-U should be defined at least as good as the WiFi transmission mask.  The WiFi transmission mask for a 20 MHz channel is shown below.  It can be seen that the mask is defined in terms of PSD dBr with requirements of -20, -28, and -40 dBr depending on the offset from the center frequency.  Also note that the mask assumes that tones occupy a 90% bandwidth since outside of this 90% bandwidth, the mask starts attenuating.

Evaluating the WiFi spectral mask with a measurement bandwidth of 90% in both the on-channel and the adjacent channel, the equivalent ACLR is approximately 26 dB.  However, the spectrum utilization for NR-U is expected to be higher than 90% for larger channel bandwidths.  In fact, the WiFi mask also allows for higher spectral utilization for larger channels since its transition region from 0 dBr to -20 dBr is fixed at 2 MHz irrespective of the channel bandwidth.  Thus, as the channel bandwidth increases, the relative size of the transition region shrinks allowing for higher spectral occupancy.  Taken to the limit where no transition region is allowed and spectrum utilization increase to 100%, the WiFi mask leads to an equivalent 25 dB ACLR.  Therefore, the ACLR that leads to equivalent integrated energy into the adjacent channel as the WiFi mask allows is between 25 dB for wide bandwidths and 26 dB for narrower bandwidths.  Instead of defining multiple ACLR requirements, it is proposed that an ACLR requirement of 25.5 dB is applied to all channel bandwidths for NR-U.

However, in order to maintain similar coexistence performance to WiFi, since both the WiFi mask and the NR-U ACLR are relative power metrics, the transmit power may also have an influence.  It has been observed, for example, in studies related to coexistence for PC2 in LTE that in order to preserve a certain degree of coexistence, the required ACLR should take into consideration the anticipated transmit power distribution of UE’s within the cell.  Nonetheless, it seems plausible that setting ACLR to be 25.5 dB will be a good starting point.
Proposal:  ACLR of 25.5 dB is considered as starting point for PC5 NR-U.
The ACLR definition applies over the wideband bandwidth, not over each LBT sub-band.  The measurement bandwidth for NR-U ACLR should be according to the maximum spectrum utilization to be defined.
2.4. General SEM and spurious emissions

While ACLR is a relative emission requirement in dB, the general spectrum emission mask is defined as a dBm requirement in absolute power.  The SEM is generally less stringent than the ACLR or the WiFi mask except in the first MHz offset from the channel edge.  Moreover, the SEM limit is measured in 1 MHz measurement bandwidth rather than channel measurement bandwidth applied for ACLR.  Because of the differences in the first MHz and the measurement bandwidth, some NR-U waveforms may have their output power limited by SEM rather than ACLR.  This may be an unwanted effect.  The SEM in the first MHz may be especially relevant to wider channels where the SU is higher and for contiguous waveforms (non-interlaced) with bandwidth at least 2 MHz allocated at the band edge.
Proposal:  Consider reusing NR general SEM and spurious emissions, subject to resulting MPR and with consideration for wider bandwidths and higher SU, especially for the requirement in the 0-1 MHz offset range.
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Table 6.5.3.1-1: Boundary between NR out of band and general spurious emission domain

	Channel bandwidth
	OOB boundary FOOB (MHz) 

	BWChannel 
	BWChannel + 5


Table 6.5.3.1-2: Requirement for general spurious emissions limits 
	Frequency Range
	Maximum Level
	Measurement bandwidth
	NOTE

	9 kHz ≤ f < 150 kHz
	-36 dBm
	1 kHz 
	

	150 kHz ≤ f < 30 MHz
	-36 dBm
	10 kHz 
	

	30 MHz ≤ f < 1000 MHz
	-36 dBm
	100 kHz
	

	1 GHz ≤ f < 12.75 GHz
	-30 dBm
	1 MHz
	

	
	-25 dBm
	1 MHz
	3

	12.75 GHz ≤ f < 5th harmonic of the upper frequency edge of the UL operating band in GHz
	-30 dBm
	1 MHz
	1

	12.75 GHz < f < 26 GHz
	-30 dBm
	1 MHz
	2

	NOTE 1:
Applies for Band that the upper frequency edge of the UL Band more than 2.69 GHz
NOTE 2:
Applies for Band that the upper frequency edge of the UL Band more than 5.2 GHz
NOTE 3:
Applies for Band n41, CA configurations including Band n41, and EN-DC configurations that include n41 specified in sub-clause 5.2B of TS 38.101-3 [3] when NS_04 is signalled.


2.5. EVM 
EVM requirements defined for NR can be reused for NR-U according to modulation supported.  However, higher order modulations require better radio performance which may be challenging to achieve, especially at the higher frequencies where NR-U bands will be defined.  It is proposed to study which modulations shall be defined in RAN4 specifications.
Table 6.4.2.1-1: Requirements for Error Vector Magnitude
	Parameter
	Unit
	Average EVM Level

	Pi/2-BPSK 
	%
	30

	QPSK
	%
	17.5

	16 QAM 
	%
	12.5

	64 QAM 
	%
	8

	256 QAM
	%
	3.5


Proposal:  Reuse NR EVM requirements according to modulation supported. 
Proposal:  Study which modulations shall be defined in RAN4 specifications for NR-U.
2.6. Carrier leakage and IQ image
Carrier leakage and IQ image are specified to be -28 dBc for NR waveforms transmitting at higher than 10 dBm output power.  However, as the carrier frequency increases, maintaining carrier leakage and IQ image become more challenging due to capacitative coupling and signal leakage.  Since NR-U is applicable to 5 GHz and 6 GHz bands, it is proposed that the carrier leakage and IQ image requirements be -25 dBc for the initial studies until or unless confidence can be gained that -28 dBc is feasible. 
Proposal:  Carrier leakage and IQ image at 5 GHz and 6 GHz are -25 dBc for transmit power levels above 10 dBm for the initial studies.  Whether the final specification can be -28 dBc is still to be investigated for feasibility.
2.7. In-band and in-gap emissions

For a given system bandwidth, the UE may be scheduled to transmit only over a portion of it.  One reason is that the available RB’s in the cell are shared by all users and the gNB may only schedule a portion of those to any single user.  Another reason is that the band itself is shared among different systems and there may be another system occupying one or more LBT sub-bands within the wideband system bandwidth.  For both of these reasons, there is a need to define a requirement to protect RB’s and/or sub-bands that are not allocated to the UE for transmission.  Two types of requirements can be envisioned; one is the conventional in-band emission requirement used to protect unallocated RB’s so that other users can be multiplexed.  However, if there is another system occupying one or more LBT sub-bands, i.e., the LBT at the basestation may have failed, then a more appropriate requirement might be based purely on emission into the adjacent sub-band rather than in-band emission.  For the sake of notational convenience, we refer to this as an in-gap emission requirement.
If it is decided to define an in-band emission requirement, such a definition already exists for NR, however, it may require modification to accommodate the NR-U interlaced waveform.  A similar modification was required for eLAA compared with LTE as follows

For Frame Structure Type 1 and Frame Structure Type 2:
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For Frame Structure Type 3, 10 MHz and 20 MHz channel bandwidths:
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NOTE 2:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs. For Frame Structure Type 3 and 20 MHz channel bandwidth, the requirement applies for QPSK, 16QAM and 64QAM modulation with 
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specified in [6]. For Frame Structure Type 3 and 10 MHz channel bandwidth in Band 49, the requirement applies for QPSK, 16QAM and 64QAM modulation with 
[image: image6.wmf]3

£

D

RB

 for any non-allocated RB and
[image: image7.wmf]'

01000

'

=

RIV

in the uplink scheduling grant.
On the other hand, if an in-gap requirement is decided, then as proposed in [3], inspiration can be found from WiFi specifications that define a transmission mask for preamble puncturing to protect the LBT sub-band where LBT fails.  The mask provides for a fixed 500 kHz transition in the LBT sub-band band followed by a -20 dBr PSD emission limit as shown below for one example where the LBT sub-band is in the middle of a wideband NR-U channel.
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While the above PSD mask can serve as the basis for NR-U in-gap emission limits, the exact formulation of the requirement still needs to be determined.  For example, the measurement bandwidth of the requirement needs to be specified as well as possibly the resolution over which the measurement window is placed.  A measurement bandwidth of 1 MHz could be considered, but the 500 kHz transition region may need additional consideration.  Alternatively, the measurement bandwidth could be specified as 19 MHz over the entire range where the PSD limit is -20 dBr.  

Regardless of whether an in-band emission requirement or an in-gap emission requirement is more relevant for any particular scenario, it is proposed that only a single requirement is specified.  The choice of whether to specify an in-band emission or in-gap emission is to be determined by RAN4, based possibly on which of the two provides greater coexistence potential; i.e., the more stringent of the two, as well as which of the two requires greater MPR.
Proposal:  Either an in-band emission or an in-gap emission requirement is to be considered.  If decided to be required, only one of these shall be specified.  

3. Conclusion

An approach and proposals for general UE Tx requirements have been discussed in this contribution.  The proposals are re-stated below.
Proposal 1:  Define both PC3 (23 dBm) and PC5 ([20] dBm) power classes for NR-U, with priority given to PC5.

Proposal 2:  A reference waveform and PA model calibration setpoint are needed.  It is proposed that for the purpose of aligning simulations, a fully allocated, QPSK modulated DFT-S-OFDM signal is used as the reference waveform.

Proposal 3:  ACLR of 25.5 dB is considered as starting point for PC5 NR-U.

Proposal 4:  Consider reusing NR general SEM and spurious emissions, subject to resulting MPR and with consideration for wider bandwidths and higher SU, especially for the requirement in the 0-1 MHz offset range.

Proposal 5:  Reuse NR EVM requirements according to modulation supported. 

Proposal 6:  Study which modulations shall be defined in RAN4 specifications for NR-U.

Proposal 7:  Carrier leakage and IQ image at 5 GHz and 6 GHz are -25 dBc for transmit power levels above 10 dBm for the initial studies.  Whether the final specification can be -28 dBc is still to be investigated for feasibility.

Proposal 8:  Either an in-band emission or an in-gap emission requirement is to be considered.  If decided to be required, only one of these shall be specified.  
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