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1 Introduction
In RAN4#79 meeting, many contributions were presented to discuss the NR UE RF requirement [1-7]. One of the topics discussed was how to specify the transmitter requirement of the NR UE. Several open issues were identified, such as how to specify the output power, ACLR, spectrum mask and spurious emission requirement, etc., for wide frequency ranges from the legacy 3GPP frequency bands to the new mmWave bands to be used for the NR. In this paper we present our general view on NR UE transmitter requirement.
2 Discussion
· Maximum output power
So far there has been no clear consensus what should be specified for the NR UE maximum output power, while E-UTRA power class 3, +23 dBm, is already assumed in RAN1 several evaluation simulations.
For the band below 6GHz, this is a reasonable assumption as pointed out in [2, 6]. The network deployment scenarios of the NR below 6GHz is expected similar to E-UTRA. The higher antenna gain may possibly be used to enhance the performance with the beam forming. Better modulation and coding scheme may be introduced in the NR. However, a similar power class as E-UTRA is expected in the typical NR deployment below 6GHz. It is considered feasible to implement the UE power class 3 up to 6GHz without foreseeable difficulty [6].
The SAR requirement limits the available TX power in the hand-held devices. The power consumption of the hand-held device is limited by the capacity of portable battery and power efficiency of the transmitter devices; thus, it is hard to increase the output power significantly. Therefore, E-UTRA power class 3 should be used as the reference in the NR study item.
Observation: Below 6GHz, E-UTRA UE power class 3 should be used as a conducted maximum output power reference in the NR study item phase.
It is possible to have multiple power classes in the NR in the same way as E-UTRA. For example, we have higher or lower power classes for public safety or machine type applications. However, in the study item phase, it is adequate to focus on one power class, which is mainly intended for the mobile broadband applications.
The situation above 6GHz is not much different regarding SAR and power consumption, though SAR issue could be mitigated to some extent by beam-forming technologies to avoid the body absorption. In the high frequency band above 6GHz, the higher antenna gain via UE beam forming would be used to improve the link budget with a large number of transmitters and antenna elements, as a single transmitter may not achieve the same output power as low bands [12] and larger path loss in high frequency bands shall be compensated. Otherwise, a cell coverage is quite limited. Therefore, a total conducted output power (accumulating many TX elements) is possibly similar to E-UTRA. Although we shall study if this assumption is technically feasible and is sufficient to meet the NR system requirement, it is suggested that we use it as the initial working assumption in the NR study phase.
Observation: Above 6GHz, accumulated total conducted output power is assumed similar to E-UTRA, although it needs to be studied further if it is technically feasible and suffices the NR system requirement.
· OTA requirement
It has been discussed that the transmitter requirement would be specified in OTA centric way for high frequency bands. This is because access to the antenna connectors would be restricted in high frequency band devices due to high insertion loss of the connector components as well as the large number of antenna array elements when we support the massive MIMO in the UE devices. The link performance, device cost and device size would be affected if we provide physical connectors for conducted testing.
However, below 6GHz, we expect similar conducted requirement as E-UTRA can still be specified if the number of transmitters and antenna elements are limited. It is FFS how to specify UE TX specification over the air (OTA) for the bands below 6GHz.
Observation: It is expected that the TX requirement be specified in OTA for high frequency bands.

Observation: Below 6GHz, conducted TX requirement can still be used for the UE with a limited number of antenna connectors. It is FFS how to specify UE TX specification over the air (OTA) for the bands below 6GHz.
· Spectral mask and spurious emission
There have been a few proposals how the spectrum mask for the NR UE is specified. In [5], reusing of the IEEE802.11ad (WiGig) emission mask for 60GHz has been proposed. The emission mask is already verified in the commercial products, thus this is a good example implemented in a small commercial form factor supporting the mmWave frequency band. However, WiGig is the low power system for the unlicensed band; therefore, it is hard to justify simply reusing the same specification in the NR, where we would need to meet requirements for various use cases of the commercial networks.
In [3], 250% rule for the out-of-band domain in SM.329 is proposed and then it is split into 3 subdomains, i.e., 0-5%, 5-100% and 100-200% (w.r.t. channel bandwidth) from the channel edge to have a flat emission limit in each subdomain. It is not clear how 5% and 100% subdomains are derived. Furthermore, 250% rule is not applied in case wide channel bandwidth is used; this was already discussed in [8] for the base station emission requirement. The same argument is applied to the UE emission requirement. The channel bandwidth is considered wide if it is wider than BU =10, 50, 100, 250, 500 MHz for fc >30MHz, 1, 3, 10, and 15GHz, respectively. In such case, 150%+ BU rule is used instead of the 250% rule.
E-UTRA TS.36.101 specification is tighter than the above rules for the channel bandwidth 10MHz or wider. The out-of-band domain boundary is 100% + 5 MHz in case E-UTRA channel bandwidth is either 10, 15 or 20 MHz. (For 1.4, 3 and 5MHz channel bandwidth, 250% rule applies). For contiguous carrier aggregation, it is not exactly 100%+5MHz due to the nominal channel spacing of contiguous carriers. (See Table 6.6.2.1.1-1 and Table 6.6.2.1A-1 in TS36.101.) 
For the bands below 6GHz, it would be straightforward to follow E-UTRA specification regarding the out-of-band to spurious domain boundary, because these bands are deployed already and coexistence requirement is specified based on the E-UTRA specifications. Relaxing the unwanted emissions from E-UTRA may require new coexistence studies. Thus, it is reasonable to keep the consistency with E-UTRA regarding the unwanted emission requirement. 

On the other hand for bands above 6 GHz, E-UTRA has not been deployed. NR may be the only IMT system there. Simply reusing E-UTRA requirement (100%+5MHz) is too tight especially for large bandwidth expected in the NR system. 
Therefore, the general guideline in ITU SM.329, M.1539 and M.1541 can be considered above 6GHz since there is no other reference we can use at this moment. However, it is to be studied what emission mask can be achieved in the NR UE transmitter implementation for each frequency band. The requirement can be tightened from the above guideline if it is appropriate to do so.  

Observation: For bands below 6GHz, the same spurious and out-of-band domain boundary as E-UTRA can be reused.
Observation: For bands above 6GHz, it would be too tight to reuse the same spurious and out-of-band domain boundary as E-UTRA for the large channel bandwidth. Therefore, the general guideline in ITU SM.329, M.1539 and M.1541 can be considered as an initial working assumption.
The next step is to investigate the UE emissions for the NR waveforms using the realistic UE RF model (for both below and above 6GHz). To simulate UE out-of-band emissions, it is essential to agree on the NR waveforms, OFDM numerologies, modulation schemes, and PA models, which is still under discussion in RAN1 and RAN4.
Observation: Next step is to study the UE unwanted emissions of the NR waveforms using the NR UE transmitter model.
· ACLR
Regarding ACLR of NR UE, the coexistence study will be conducted for the bands above 6GHz in order to respond to the LS from WP5D [1]. For the bands below 6GHz, 30 dB for ACLR1 would be the fair assumption to keep the consistent coexistence requirement as E-UTRA.
· Other TX aspects

Other transmitter requirements such as output power dynamic, signal qualities, intermodulation and time alignment errors shall be discussed in the NR study item phase. More detail on the NR waveforms and other physical layer design parameters are required to discuss these aspects.
· Reference architecture

When we discuss E-UTRA UE requirement, a certain RF architecture composed of transmitters, receivers, power amplifiers, switches, multiplexers and filters, etc., is assumed with common RF parameters agreed in the group. One critical open issue is the NR UE RF architecture because a common working ground is necessary among companies in order to discuss the NR RF requirement.
For below 6GHz, E-UTRA RF architecture has been used to derive transmitter and receiver requirement of the E-UTRA operating bands and carrier aggregations in TS36.101. The architecture assumption already used for TS36.101 requirements should be applicable to the NR system below 6GHz. In E-UTRA specification, we have already specified up to 80MHz contiguous carrier bandwidth in downlink and up to 40MHz in uplink in the bands between 450MHz and 5.9GHz. Much wider channel bandwidth may need some more study but similar architecture framework would be expected to work, as the possible maximum channel bandwidth below 6GHz is not as wide as above 6GHz.
A possible new issue discussed in the NR study item is the applications of advanced beam-forming technologies. It is widely expected that a large number of antenna elements are used in the high frequency bands to support massive MIMO. In case we specify the OTA centric requirement for massive MIMO below 6GHz, we may need a new architecture framework to discuss the OTA requirement than the conducted requirement in E-UTRA.
Observation: Below 6GHz, E-UTRA RF reference architecture can be reused as one possible architecture for deriving NR RF requirement. It is FFS if we introduce a new architecture to discuss the OTA centric requirement.
There has not been a consensus in the RF architecture above 6GHz so far. For example in [10, 12], there has been some discussion on the discrete RF components but it has been questioned if such assumption can be still used in the NR system above 6GHz. This is because most components could be highly integrated in the mmWave devices so the argument we had in E-URTA may not apply in the same way. In order to proceed the technical discussion on the NR RF requirement, it is necessary to have at least one common reference architecture of the NR UE. Such architecture may differ from band to band. One possible wayforward it to discuss 30 GHz and 70 GHz as example bands, because we are also using them for the coexistence study.

For the simplification, it is recommended to discuss the single band requirement of the NR first in order not to complicate the discussion; thus the coexistence with other frequency bands are not considered in the beginning. In the later phase, we can discuss the multi connectivity aspect, for example, together with the low bands below 6GHz. If required, it is also possible to discuss the carrier aggregation aspect in the high frequency band.
Observation: It is necessary to have at least one common reference architecture to discuss the NR RF requirement above 6GHz. We may study 30 GHz and 70 GHz as example bands.
Observation: It is recommended to discuss the single band requirement of the NR first. Then, later we discuss the multi-connectivity or carrier aggregation aspect if it is identified necessary.
3 Conclusion

In this contribution, we have discussed the general view on UE transmitter requirement of the NR for both below 6GHz and above 6GHz. We concluded the following observations.
Observation: Below 6GHz, E-UTRA UE power class 3 should be used as a conducted maximum output power reference in the NR study item phase.

Observation: Above 6GHz, accumulated total conducted output power is assumed similar to E-UTRA, although it needs to be studied further if it is technically feasible and suffices the NR system requirement.

Observation: It is expected that the TX requirement be specified in OTA for high frequency bands.

Observation: Below 6GHz, conducted TX requirement can be used for the UE with a limited number of antenna connectors. It is FFS how to specify UE TX specification over the air (OTA) for the bands below 6GHz.
Observation: For bands below 6GHz, the same spurious and out-of-band domain boundary as E-UTRA can be reused.
Observation: For bands above 6GHz, it would be too tight to reuse the same spurious and out-of-band domain boundary as E-UTRA for the large channel bandwidth. Therefore, the general guideline in ITU SM.329, M.1539 and M.1541 can be considered as an initial working assumption.

Observation: Next step is to study the UE unwanted emissions of the NR waveforms using the NR UE transmitter model.

Observation: Below 6GHz, E-UTRA RF reference architecture can be reused as one possible architecture for deriving NR RF requirement. It is FFS if we introduce a new architecture to discuss the OTA centric requirement.
Observation: It is necessary to have at least one common reference architecture to discuss the NR RF requirement above 6GHz. We may study 30 GHz and 70 GHz as example bands.

Observation: It is recommended to discuss the single band requirement of the NR first. Then, later we discuss the multi-connectivity or carrier aggregation aspect if it is identified necessary.
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