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1. Introduction

A WF on UE RF requirements for mmWave was approved in the RAN4#80bis meeting [1]. This contribution follows up the WF especially for UE-to-UE coexistence between below 6 GHz and mmWave.
2. Discussion
The agreed WF [1] for unwanted emission requirements is the following.

· Emissions related requirements
· How to define the requirements for in-band emissions, ACLR, SEM, spurious emissions, UE to UE co-existence should be studied
· Whether the requirements should be defined as EIRP or TRP or both should be studied
· UE to UE co-existence should consider the emissions from sub6GHz bands to above 24GHz bands and vice-versa (R4-168324 can be used as reference)
· Emission levels required for UE to UE co-existence should be studied
· How to account for spatial characteristics should be considered
For the first and second items, we propose in another paper [2] to introduce at least TRP with fixed BF pattern (i.e. the peak of beams should not be integrated in the TRP) in order to properly convert conventional (conductive) requirements to OTA.
For the third and fourth items (i.e. related UE-to-UE coexistence), we discussed four cases below in [3].
· Case 1: Noise below 6GHz is beamformed
· Case 2: Noise below 6GHz is NOT beamformed
· Case 3: Noise in mmWave is beamformed
· Case 4: Noise in mmWave is NOT beamformed
From mmWave bands to below 6 GHz

The above Case 2 would be true since no antenna array gain will be expected, which is aligned with Qualcomm’s online comment in the last meeting. If we look at the current TS 36.101 here, the current assumption for conventional (conductive) Tx requirements with integral antenna is 0 dBi as below.
6.1
General
Unless otherwise stated, the transmitter characteristics are specified at the antenna connector of the UE with a single or multiple transmit antenna(s). For UE with integral antenna only, a reference antenna with a gain of 0 dBi is assumed.
UEs supporting mmWave could have element gain of above 0 dBi for below 6 GHz depending on the antenna position and direction. Nevertheless, we propose for UEs supporting mmWave to specify the same emission limits for TRP in below 6 GHz as that of the conductive requirements in order to surely protect legacy systems. If some challenge to meet the limit is identified, how to satisfy the required level should be discussed.
Proposal 1: The current (conductive) UE-to-UE coexistence limits for below 6 GHz should also be maintained in case of TRP in mmWave transmission. If some challenge to meet the limits is identified, how to satisfy the required levels should be discussed.
From below 6GHz to mmWave bands
In [3], we already proposed to study whether the legacy LTE terminals can satisfy -50 dBm/MHz in mmWave or not. This is because that if this value can be easily satisfied by devices below 6GHz, we may be able to adopt it as it is. If there are challenges, we may have to discuss the value. This aspect needs to be evaluated by at least both filter and PA behaviours. As an example, we show wide range characteristics of a ceramic filter for LTE CA in Figure 1. As can be seen, attenuation in mmWave tends to be lower than that of below 6 GHz. SAW filters may have worse attenuation characteristics, although it should be investigated. Provided that filters below 6GHz do not provide stably sufficient attenuation to mmWave frequency range, PA’s behaviours will be the key. Therefore, PA noise including harmonics in mmWave may need to be further studied and we ask companies to investigate noise level in mmWave with legacy devices (e.g. filter, PA). If the -50 dBm/MHz cannot be satisfied as it is, we’ll need to study if there is some drawback (e.g. IL increase at legacy bands) to improve noise performance in mmWave. 
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Figure 1: Wide range characteristics of a ceramic filter for LTE CA
In parallel, we propose to study actual value required for NR from system point of view in order to avoid additional (unnecessary) efforts for UE design.
Proposal 2: Noise level in mmWave should be investigated with legacy devices (e.g. filter, PA). If -50 dBm/MHz cannot be satisfied as it is, whether there is some drawback (e.g. IL increase at legacy bands) to improve noise performance in mmWave should be studied. In parallel, actual value required for NR should be studied from system point of view.

3. Conclusion
Based on the table above, we propose the followings for UE-to-UE coexistence in mmWave.
Proposal 1: The current (conductive) UE-to-UE coexistence limits for below 6 GHz should also be maintained in case of TRP in mmWave transmission. If some challenge to meet the limits is identified, how to satisfy the required levels should be discussed.
Proposal 2: Noise level in mmWave should be investigated with legacy devices (e.g. filter, PA). If -50 dBm/MHz cannot be satisfied as it is, whether there is some drawback (e.g. IL increase at legacy bands) to improve noise performance in mmWave should be studied. In parallel, actual value required for NR should be studied from system point of view.
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