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1. Introduction
The new study item on NR was started a few meetings ago [1]. So far there have been very high level papers on the scope of the RAN4 discussion [2]. During the SI phase discussion it is very important to understand what requirements should be defined and how this should be done such that they are enforceable and testable. The work on the mmWave frequency range is completely new for RAN4/3GPP, in this paper we discuss UE RF requirements and how to define them.
2. Discussion
The frequency range considered for the NR study item is up to 100GHz. Up to now, RAN4 has only dealt with frequencies up to ~6GHz, so the way to define requirements for this frequency range is not new. The frequency range between 24GHz and 100 GHz is completely new and RAN4 has to discuss how to define the requirements. 
Requirements in the sub6GHz range (below 6GHz) are defined at the antenna connector and all the 3GPP tests are performed conducted. At frequencies above 24GHz highly integrated miniaturized antenna arrays will be used and connectors will be impractical. As such, the requirements will have to be defined in such a way that they can be tested radiated or over-the-air (OTA). To date, requirements were defined for the transmitter and the receiver (conducted).  Assuming mmWave devices utilize active antenna arrays to overcome the large path losses at higher frequencies, it can be envisioned there will be some special requirements for beamforming that haven’t been needed/discussed until now. 

Below we will discuss the transmitter, receiver and beamforming requirements separately. Some testing aspects for these requirements are discussed in [3].
2.1. Transmitter requirements

The basic requirement for the transmitter is the max transmit power. Since antenna arrays will be used for beamforming, the total transmit power has almost no meaning from a system (link budget) point of view. This requirement will have to be an equivalent isotropic radiated power (EIRP) requirement. From a system point of view, it is very important that the UE can emit in any direction such that the link can be closed irrespective of the device orientation. As such, this EIRP requirement would have to be defined over the entire sphere (in any direction) with a certain tolerance. Considering practical implementations with a finite (relatively small) number of antenna elements, phase granularity, the same EIRP cannot be met in any direction. The tolerance and how to define it (if there will be a spatial aspect to it) will need to be studied further.
Depending on the outcome of the co-existence study, it is likely that there will be some requirements for limiting the interference to adjacent systems. These requirements could be on the radiation pattern or maximum allowed TRP. These requirements would have to be defined together with EIRP and met at the same time.
Observation 1: Maximum power should be defined as EIRP with a certain tolerance. This requirement would have to be met in any direction (over the whole sphere).
The observation above would apply also for the minimum output power and transmit off power.

Another type of requirement is the signal quality related, EVM and frequency offset. These requirements are definitely needed and would most likely have to be defined/measured at peak EIRP and also at different output power levels, however, this would likely depend on how the measurements are performed.
The other requirements for the transmitter are the unwanted emissions (in-band emissions, ACLR, out-of-band emissions).
Whether requirements for in-band emissions are needed or not will depend on the RAN1 waveform design. Most likely it will be possible to multiplex multiple UEs in the frequency domain, hence, this requirement will be needed. Since these emissions are in the operating channel bandwidth, they will also be beamformed. The requirement should also be defined in terms of a maximum EIRP. 
The ACLR is an important requirement to ensure co-existence with adjacent systems (or operators deploying the same system in an adjacent channel). The ACLR is very likely to be beamformed in the same way as the wanted signal, hence, the requirement should be EIRP relative to the EIRP in the wanted channel (dBc relative to EIRP level). 

For the out of band emissions, it should be further discussed whether the requirement should be defined in terms of EIRP or total radiated power (TRP) and the measurement method should be taken into account. From a system point of view, the requirements should be defined in terms of EIRP in order to contain the interference to other systems. However, measuring EIRP in many different directions for a large frequency range (0~100GHz) would not be feasible. Since at frequencies far away from the frequency operation of the antenna array it is unlikely that there will be any high radiation peak in a given direction, it might be enough to define the requirements in terms of TRP if a simple method of performing the measurement is available. If the requirements will be defined in terms of TRP then it has to be discussed at what frequency offset the requirement will switch from EIRP to TRP.
Observation 2. ACLR and in-band emissions should be defined in terms of EIRP relative to the Tx power in the wanted channel. 
Observation 3. It has to be further discussed if out of band emissions are defined in terms of EIRP or TRP considering the measurement method.

2.2. Receiver requirements

The most important receiver requirement is the sensitivity. Similar to the transmit power, the sensitivity becomes an equivalent isotropic sensitivity (EIS). A minimum sensitivity value (maximum value in dBm) would have to be defined for any direction (over the entire sphere) in order to guarantee that the UE can receive from any angle above a certain received signal level. As in the case of transmit power, a device would not be able to meet the same sensitivity in any direction because of different beamforming gains in different directions. This minimum value will have to include this tolerance. As in the case of EIRP, the actual value and how to define the tolerance will have to be further studied. 
Observation 3. Minimum EIS should be defined in any direction (over the entire sphere) considering some tolerance
The ACS and blocking requirements should be defined with the blocking signals coming from the same direction as the wanted signal to guarantee the performance of the RF chain without the antenna array. The directivity of the antenna array also introduces a spatial aspect to the interference rejection capabilities of the receiver. It should be further discussed whether such requirements are needed or not or the Tx beamforming requirements would be enough.
For the definition of the blocking requirements a new approach is needed. The strength and frequency offset of the blockers should be based on actual systems deployed close to the 3GPP bands of interest. High power narrowband blockers might not have any meaning in the context of high frequencies where all the systems are using wide bandwidths.

Observation 4. Blocking requirements (ACS and blocking) should be defined with interference signals coming from the same direction as the wanted signals. Blocker levels and frequency offset levels should be based on actual systems deployed in adjacent frequencies. 
Observation 5. It should be further discussed whether spatial blocking requirements are needed or not.
2.3. Beamforming requirements
Beamforming is an indispensable component in mmWave to extend the link budget. This aspect is completely new and some requirements will be needed. In the transmitter part it was mentioned that there will likely be a need to define requirements for the radiation pattern. Even though these requirements are related to beamforming, it might be more appropriate to include them in the transmitter section. 
In order to maintain the connectivity, the UE will have to constantly track the best BS-UE beam pair and switch beams. The switching delay is an important parameter in the beam sweeping system design. A minimum requirement will be needed to ensure optimal system operation.
Observation 6. Define beam switching delay requirement.
The beam tracking accuracy is rather a radio resource management requirement and should be defined as an RRM requirement. 
3. Conclusion
In this paper we discussed the UE RF requirements for mmWave. Based on our analysis we made the following observations:
Observation 1: Maximum power should be defined as EIRP with a certain tolerance. This requirement would have to be met in any direction (over the whole sphere).

Observation 2. ACLR and in-band emissions should be defined in terms of EIRP relative to the Tx power in the wanted channel. 

Observation 3. Minimum EIS should be defined in any direction(over the entire sphere) considering some tolerance.

Observation 4. Blocking requirements (ACS and blocking) should be defined with interference signals coming from the same direction as the wanted signals. Blocker levels and frequency offset levels should be based on actual systems deployed in adjacent frequencies. 
Observation 5. It should be further discussed whether spatial blocking requirements are needed or not.
Observation 6. Define beam switching delay requirement.
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