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1	Introduction
RAN#75 agreed a work item on New Radio Access Technology in [1] with the accelerated time line for 5G NR eMBB (enhancement Mobile Broadband) services in [2]. In this contribution, we discuss NR UE Tx requirements needed for eMBB services and following the agreements made in the NR study.  In addition to the UE Tx requirements for eMBB services also potential forward compatibility aspects need to be considered in the first set of RAN4 NR requirements like UE Tx requirements. It is expected that additional requirements needed for other services and use cases will be added in the next phase e.g. in the next release. In the document, we also give some examples using LTE requirements as starting point to show how the NR UE TX requirements could be defined and updated compared to LTE.

2	Discussion

RAN1 has defined CP-OFDM as the baseline NR UL waveform and DFT-S-OFDM as complimentary NR UL waveform in in TR 38.802 [3] as follows:
[bookmark: _Toc476230913]8.1.3	Waveform
OFDM-based waveform is supported. At least up to 40 GHz for eMBB and URLLC services, CP-OFDM based waveform supports spectral utilization of Y greater than that of LTE (assuming Y=90% for LTE) where Y (%) is defined as transmission bandwidth configuration / channel bandwidth * 100%. From RAN1 perspective, spectral confinement technique(s) (e.g. filtering, windowing, etc.) for a waveform at the transmitter is transparent to the receiver.
DFT-S-OFDM based waveform is also supported, complementary to CP-OFDM waveform at least for eMBB uplink for up to 40GHz. CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases). Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-OFDM based waveforms to use. Note that both CP-OFDM and DFT-S-OFDM based waveforms are mandatory for UEs. 
RAN4 has already agreed in TR 38.803 [4] to “Develop UE Tx in-band emission and EVM requirements for the baseline CP-OFDM baseline waveform assuming suitable spectral confinement methods”. Since both CP-OFDM and DFT-S-OFDM waveform are mandatory for the UE to support and network may select, which one to use in given conditions, mandatory minimum UE Tx requirements should be developed for both of the waveforms. Since DFT-S-OFDM waveform is targeted for UL link budget limited scenarios, RAN4 should also focus on UL coverage limited scenarios with limited data rates when developing UE Tx requirements for DFT-S-OFDM. UE Tx requirements for CP-OFDM, on the other hand, should cover variety of different NR eMBB scenarios and data rates ranging from very high to moderate and even low rate cases. 
To enable efficient network usage of CP-OFDM and DFT-S-OFDM waveforms RAN4 should develop all the minimum UE Tx requirements like Transmit power, Output power dynamics, Transmit signal quality, Output RF spectrum emissions and Transmit intermodulation etc. for both waveforms but in case of DFT-S-OFDM only cover cases relevant for UL path loss limited scenarios. For CP-OFDM waveform RAN4 should develop UE Tx requirements considering modulation schemes from high to low order modulations (e.g. from 64QAM / 256 QAM to QPSK / BPSK) and both multi- and single-stream transmission schemes. For DFT-S-OFDM, in line with RAN1 agreements, RAN4 should only develop UE Tx requirements for single-stream transmission and low order modulations like pi/2 BPSK and QPSK only. 
Proposal 1: RAN4 should develop all the minimum UE Tx requirements like Transmit power, Output power dynamics, Transmit signal quality, Output RF spectrum emissions and Transmit intermodulation etc. for both CP-OFDM and DFT-S-OFDM waveforms. 
Proposal 2: For CP-OFDM waveform RAN4 should develop UE Tx requirements for all the modulation schemes ranging from high to low order modulations (e.g. from 64QAM / 256 QAM to QPSK / BPSK) and all the multi- and single-stream transmission schemes. For DFT-S-OFDM RAN4 should focus on developing UE Tx requirements for single-stream transmission with low order modulations like pi/2 BPSK and QPSK only. 
Like earlier discussed and agreed in [4], RAN4 should continue studying two sets of in-band emissions and EVM requirements for NR UE Tx; more and less stringent requirements to enable better UL coverage for CP-OFDM waveform as indicated in TR 38.803 [4]: 
Additionally in [R4-1700053] for NR UL in-band emissions and EVM requirements at UE TX, it was agreed that in order to enable better UL coverage for CP-OFDM waveform RAN4 should study a possibility to define two sets of in-band emissions and EVM requirements for NR UE Tx; more and less stringent requirements.
The main motivation for two sets of CP-OFDM based in-band emission and EVM requirements for NR UE Tx is to allow higher UE Tx power for achieving better UL coverage at the cost of higher in-band emissions and higher EVM instead of higher UE complexity and power consumptions. As these two sets of requirements would be controlled by the network, the network would decide when UL coverage for a given UE is more important than low in-band emissions and very good EVM performance. Very good EVM performance is anyway relevant for high MCS transmissions. Some companies in RAN4 felt that it would be better to have one set of UE Tx in-band emissions and EVM requirements instead of two. One set of requirements is naturally one feasible way forward but it is then important to ensure by these minimum requirements that CP-OFDM can be used in variety of scenarios including UL link budget limited scenarios. As discussed in the document and agreed in RAN1, CP-OFDM is the main UL waveform and DFT-S-OFDM is complimentary UL waveform, which may be used based on network’s control and selection.  
RAN4 should decide whether to develop two set of UE requirements for CP-OFDM UL; 
1) more and less stringent requirements to enable better UL coverage for CP-OFDM waveform or 
2) define sufficiently stringent single set of UE Tx minimum requirements for CP-OFDM to enable robust UL operations including good UL coverage. 

Two set of CP-OFDM UE Tx requirements could be obtained by defining generic UE maximum output powerand UE Maximum Power Reductions requirements. Then in a few limited cases smaller MPR values would be defined but then also more relaxed in-band emission requirements would be allowed for these cases. In the next section we provide some examples how these two set of requirements could be developed in practice. 

Proposal 3: RAN4 should develop two set of UE requirements for CP-OFDM UL; more and less stringent requirements to enable better UL coverage for CP-OFDM waveform or alternatively develop sufficiently stringent UE Tx minimum requirements (low MPR values) based on CP-OFDM UL main waveform. 

3	Examples of NR UE TX requirements
Following the request in the last RAN4 meeting, in this section we provide examples how to define the UE Tx requirements for CP-OFDM and DFT-S-OFDM as discussed in Section and proposed in Proposals 1-3.
· UE maximum output power: UE power classes should be independent of UL waveform i.e. they should be defined to be the same with the same tolerances for both UL waveforms; CP-OFDM and DFT-S-OFDM UL
· Allowed UE Maximum Power Reduction (MPR) values e.g. per channel bandwidths, numerology etc. should primarily be specified based on, CP-OFDM which is the main UL waveform, but these same requirements could be used for the DFT-S-OFDM waveform as well. Additional lower allowed MPR levels would then need to be specified for DFT-S-OFDM with single stream transmission and low MCS to ensure that DFT-S-OFDM can provide better UL link budget in these cases due to its lower PA backoff. These additional DFT-S-OFDM MPR requirements should be valid regardless of in which subcarriers or resource blocks the signal is transmitted (only the number of PRBs may be limited for these requirements). This ensures that all the subcarriers within a given channel bandwidth can be used efficiently.

Table A.A: Maximum Power Reduction (MPR) for Power Class TBD and frequency bands below 6GHz
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	* Note 1: Additional MPR requirements for DFT-S-OFDM are defined in Table B.B




Table B.B: Additional Maximum Power Reduction (MPR) for DFT-S-OFDM and Power Class TBD and frequency bands below 6 GHz
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· It is also important to ensure that good UL coverage can also be obtained with CP-OFDM as it is not always feasible for the BS scheduler e.g. to change from CP-OFDM to DFT-S-OFDM when UL link budget gets limited. However, to take practical UE implementation and performance tradeoffs into account when defining additional lower MPR values for CP-OFDM, RAN4 could define additional constraints and relaxations associated with more stringent MPR requirements e.g. in which part of the channel bandwidth these additional MPR requirements need to be met and what kind of in-band emission and possibly EVM performance relaxations could be allowed etc. For instance, these additional MPR requirements for CP-OFDM would be defined for less than full channel bandwidth transmission approximately in the middle of the channel bandwidth and allowing more in-band emissions and higher EVM than in the overall requirements.  Since the in-band emission requirements for NR are expected to be better than LTE because of better spectral confinement windowing or filtering schemes, some relaxation to the requirements to allow better UL coverage also with CP-OFDM should not be harmful for the system, especially as it has been discussed that the usage of these additional requirements would be controlled by the network.

Table C.C: Additional Maximum Power Reduction (MPR) for CP-OFDM and Power Class TBD 
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	* Note 1: For meeting the additional MPR requirements of this table the UE is allowed to meet the related in-band emission requirements in Table TBD



· Minimum output power requirements should be specified independent of UL waveform
· Transmit OFF power requirements should be specified independent of UL waveform
· ON/OFF time mask requirements should be specified independent of UL waveform
· Power Control requirements should be specified independent of UL waveform (though maximum output power PCMAX used in the power control calculations may be different for CP-OFDM and DFT-S-OFDM)
· Transmit modulation quality
· Error Vector Magnitude (EVM) requirements for the allocated resource blocks (RBs) should be independent of UL waveform (i.e. the same for CP-OFDM and DFT-S-OFDM). 
· In-band emissions for the non-allocated RB requirements should be independent of UL waveform (i.e. the same for CP-OFDM and DFT-S-OFDM). However, as discussed above for achieving smaller MPR in the additional CP-OFDM requirements targeted for UL link budget limited scenarios, slightly relaxed in-band emission requirements could be considered for these additional MPR requirements considering it is seen necessary from the UE implementation perspective. 
· Output RF spectrum emissions 
· Spectrum Utilization should be independent of UL waveform
· Out Of Band (OOB) emissions should be independent of UL waveform
· far out spurious emissions should be independent of UL waveform
4	Conclusions
Based on the discussion in this document we propose that 
Proposal 1: RAN4 should develop all the minimum UE Tx requirements like Transmit power, Output power dynamics, Transmit signal quality, Output RF spectrum emissions and Transmit intermodulation etc. for both CP-OFDM and DFT-S-OFDM waveforms. 
Proposal 2: For CP-OFDM waveform RAN4 should develop UE Tx requirements for all the modulation schemes ranging from high to low order modulations (e.g. from 64QAM /256 QAM to QPSK / BPSK) and all the multi- and single-stream transmission schemes. For DFT-S-OFDM RAN4 should only develop UE Tx requirements for single-stream transmission with low order modulations like p1/2 BPSK and QPSK only. 
Proposal 3: RAN4 should develop two set of UE requirements for CP-OFDM UL; more and less stringent requirements to enable better UL coverage for CP-OFDM waveform or alternatively develop sufficiently stringent UE Tx minimum requirements (low MPR values) based on CP-OFDM UL main waveform.
In Section 3 we have provided examples how to define new NR UE Tx requirements for two different UL waveforms and how good UL coverage can be ensured both for DFT-S-OFDM and CP-OFDM waveforms. 
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