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[bookmark: _Ref463014664]Introduction
In RAN4 NR ad hoc meeting held in Qingdao, a way forward (WF) on spurious emission for NR UE was approved [1]. The WF was triggered by a liaison statement sent by ITU-R to RAN4 asking further clarification about UE spurious emission requirement. The aim of this contribution is to provide a general clarification about the main UE emissions characteristic in millimiter wave (mmW) frequency ranges. The final goal is to help defining the correct characterization of UE behaviour in the ITU-R sharing studies.
Discussion
The content of ITU-R Working Party 5D LS on IMT-2020 unwanted emission was already discussed in RAN4. An official version of the LS will be also discussed in RAN4 #84 [3]. With particular emphasis on passive services (operating for instance in the band 23.6-24.0 GH), ITU-R asks the feasibility of more string limit compared to the categories defined in recommendation ITU-R SM.329. ITU-R requests were discussed and summarized in [1]:
· Feasibility of -30 dBm/MHz for both UE and BS, and if not feasible, achievable value is requested.
· Additional spurious emission requirements: ITU-R requests information regarding feasibility of more stringent limits to protect specific sensitive services.
Regarding the protection of passive services (e.g. EESS passive), one of ITU-R proposals is to increase reference bandwidth. An example is given by the following list which shows band of operation of passive services and corresponding reference bandwidth to be studies: 
23.6-24 GHz -> 200MHz　
31.3-31.8 GHz -> 200MHz
50.2-50.4 GHz -> 200MHz
52.6-54.25 GHz -> 100MHz
86-92 GHz -> 100MHz
In the following we will only focus UE characteristics. The main issue which needs to be solved when running the sharing study is to understand the total interferer power in large amount of spectrum, hence the proposal of increasing the reference bandwidth. In particular, in case of interference to EESS passive services the total interference seen at the EESS sensor will be the one driving the outcome of the sharing study. Since EESS systems cover a large geographical area, each BS and UE belonging to the area of coverage will contribute to the total interference seen at the satellite. 
The main question is how to account for UE unwanted emission contribution to the cumulative interference. The easiest way would be to integrate the UE spurious emission requirement over the EESS victim band. If we take as an example EESS operating on 23.6-24 GHz, and considering a sensor BW of 200MHz, integrating the -13dBm/MHz spurious requirement would lead to a total interferer power from a single UE of 10dBm. Since we believe this assumption is overly pessimistic, in the following section we provide clarifications on how to account for UE contributions to the cumulative interference calculated in the sharing study. 
UE unwanted emission in mmW 
In this section we will summarize the main aspects about UE emission which could affect the ITU-R sharing study. Without loss of generality we analyze the following scenario:
· UE operating in 200MHz channel centered at 24.35 GHz (i.e. lower edge of 24.25-27.5GHz band).
· EESS passive services in 23.6-24 GHz.
Let us first consider the impact of UE out-of-band (OOB) emission domain. This domain is characterized by two requirements, the spectrum emission mask (SEM) which is an absolute requirement, and the ACLR which is requirement relative to the in-band power. As shown in Figure 1, the extension of SEM is wider compared to the ACLR. In the particular case considered in the picture, UE is impacting EESS band with only its SEM requirement, however in general we can have the two following cases:
· First ACLR region not overlapping victim band. In this case the only requirement is available is the SEM, so the SEM limit could be integrated in the overlapping region with the victim receiver band
· First ACLR region overlapping with the victim band. In this case both ACLR and SEM requirement apply in the region of ACLR overlapping. As a consequence, in this region the minimum of the two requirements should be considered. If we assume for instance 200MHz channel bandwidth, emission driven by ACLR in the adjacent channel will be 23dBm (max UE TRP) – 17dBc (UE ACLR) = 6dBm, while considering SEM emission only would lead to 10dBm (given by the integration of -13dBm/MHz over 200MHz). Another relevant factor is that since ACLR requirement is a relative requirement, the emission power in the ACLR region should be scale based on UE power control. 

[image: ]
[bookmark: _Ref490226677]Figure 1. UE SEM and ACLR impacting passive services
Observation 1: When considering the impact of UE in out-of-band domain, if the receiver victim bandwidth overlaps with UE ACLR region, both UE ACLR and SEM should be taken into account.
Observation 2: UE unwanted emissions should be scaled based on UE power control, i.e. actual UE transmitted power should be taken into account.
Let us now focus on the spurious emission domain. The spurious emission requirement is an absolute requirement that UE needs to meet. However this does not mean that UE emission is flat in the entire spurious emission domain. This is quite obvious since this would imply that most of the UE power will be wasted as unwanted leakage. If we consider a maximum TRP of 23dBm, integrating the -13dBm/MHz level over the passive band (400MHz) would mean that the ratio between leakage in the passive band and TRP is about 10%, which is an unrealistic assumption.  
Observation 3: UE spurious emission response is not flat.
The main question is how to account from the non-flat UE emission in the spurious domain. If we consider a typical UE tx architecture for UE transmitting in the 28GHz frequency range there are several tx responses for both IF and RF stages which all need to meet the general spurious emission requirement defined in the spec.
One of the requirement driving the discussion about spurious emission limit was the second harmonic response of PA, especially in the case of narrow band allocation. By looking at the frequency allocau tootion of passive services it can be noted that for the proposed NR mmW bands no second harmonic falls into EESS passive bands.
Observation 4: for the defined NR mmW bands no second harmonic falls into EESS passive band.
As already mentioned, the shape of the emission into passive bands is strongly dependent on implementation choices, in particular related to the frequency planning of IF and RF local oscillators. Because of the design flexibility it is almost impossible to generalize the specific emission pattern on a victim frequency band falling into UE spurious domain. 
Figure 2 shows a pictorial representation of typical transmitter responses in RF domain, where the location of some of the intermodulation products is a direct function of IF and RF LO location. A quantification of the total emission over a large amount of spectrum will depend on UE channel BW, LO frequency plan and victim receiver BW position relative to the aggressor channel BW. What can be noted, however, is that the emission distribution is strongly not uniform and sparse in the frequency domain. Since all the unwanted products needs to meet the -13dBm/MHz specification, it is natural to expect that when considering a large resolution/integration BW the average emission level will be lower compared to -13dBm. As a consequence, since the total integrated interference over a large BW is the metric driving the sharing study with passive services, an additional requirement with large resolution BW could be derived only for the passive bands.
Observation 5: an additional spurious emission requirement with higher resolution BW could be derived to protect passive bands.
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[bookmark: _Ref490248370]Figure 2. Pictorial representation of typical transmitter RF responses.
RAN4 needs to discuss what would be the level for the additional requirement. One possibility would be to derive the additional emission level for the passive band as if the emission on that band would be -30dBm/MHz on average (instead of -13dBm/MHz). The integration of that level would bring to -7dBm/200MHz or -10dBm/100MHz, thus leading to 17dB lower interference compared to the -13dBm/MHz baseline requirement. 
We invite companies to discuss the additional requirement to protect EESS passive services and provide a timely reply to ITU-R.
Observation 5: RAN4 should discuss the additional requirements to protect EESS passive services and provide a reply to ITU-R in RAN4 #84.

Conclusions
In this contribution we provide the following general observations about the UE emission characteristics in mmW sharing study:
Observation 1: When considering the impact of UE in out-of-band domain, if the receiver victim bandwidth overlaps with UE ACLR region, both UE ACLR and SEM should be taken into account.
Observation 2: UE unwanted emissions should be scaled based on UE power control, i.e. actual UE transmitted power should be taken into account.
Observation 3: UE spurious emission response is not flat.
Observation 4: for the defined NR mmW bands no second harmonic falls into EESS passive band.
Observation 5: an additional spurious emission requirement with higher resolution BW could be derived to protect passive bands.
Observation 6: RAN4 should discuss the additional requirements to protect EESS passive services and provide a reply to ITU-R in RAN4 #84.
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