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Introduction
This contribution addresses the adjacent channel coexistence study which needs to be performed by RAN4 to determine the RF requirements for the New Radio (NR) [1]. In RAN4 #79, a first discussion about the NR coexistence study already happened. Several companies provided input sharing their views and a way forward on coexistence simulation assumptions was approved [2].
The goal of this contribution is to provide further details about the simulation methodology to be adopted by RAN4 in order to determine suitable RF requirements for operation in the millimetre waves (mmW) spectrum. By reviewing the methodology we will also provide our view on specific simulations assumptions to be adopted in the study.
Discussion
In [3], we provided a detailed overview of the classical RAN4 methodology for the adjacent channel coexistence simulations. The overall methodology is captured in two technical reports, TR 36.942 for LTE [3] and TR 25.942 for UMTS [10], and it is based on Monte Carlo trials in which each snapshot represents an independent network realization. When dealing with coexistence study in very high frequencies (mmW), the main new aspect which needs to be taken into account is use of directional beamforming which is necessary to close the link budget in specific high propagation loss scenarios. This will add a complete new dimension to the ACI coex study, i.e. the spatial control of the interference. In the following sections, we will provide details about the different steps involved in the simulation process. The goal is to update the well consolidated RAN4 methodology by taking into account the new aspects characterizing mmW scenarios. 
Antenna model and general methodology
Antenna modeling is one of the most important aspects for the NR adjacent channel coexistence study. BS antenna model is based on a uniform rectangular panel array (URPA). An illustration of the URPA is shown in Figure 1 [5]: URPA consists of multiple (Mg∙Ng) antenna panels, on each of which, uniform rectangular array is placed, which comprises multiple antenna elements with (M, N, P) and (dH, dV) as defined in [7], where M, N represent the number of vertical and horizontal elements in each panel, respectively, and P represents the number of available polarizations.


[bookmark: _Ref458421942]Figure 1. Uniform Rectangular Panel Array (URPA) [5].

Depending on the available configuration in terms of number panels, number of elements in each panel, and number of polarization available a total number of beams can be created. In the following we provide a general mathematical description of each beam following [6], [7], [8]. We do not define here the specific parameters to be adopted since we leave this to discussion in the RAN4 floor. 
In general, for each Base Station beam the antenna gain is computed as follows:

where  is the total antenna gain/attenuation is  is the element gain and  is the beamforming gain. The element gain is provided by the following equations:



For beam i, the beamforming gain (in dB) is computed as 

where the superposition vector is given by 

and the weighting factor is given by 

Note that the above formulation corresponds to a URPA with elements belonging to the Y-Z plane in a Cartesian coordinate system (see Figure 2). Distribution of antenna elements in a Cartesian coordinate system. Figure 2). 
[image: ]
[bookmark: _Ref458444301][bookmark: _Ref458444297]Figure 2. Distribution of antenna elements in a Cartesian coordinate system.
In this case the broadside direction corresponds to the x-axis direction. 
In the following we will assume that one beam per snapshot is generated. Note that this assumption is adopted to simplify the methodology description, however multiple beams can be generated depending on the RAN4 agreements. Regarding the number of UEs supported per beam we will assume one UE is assigned to each beam. We believe that this is a reasonable assumption for the purpose of adjacent channel interference (ACI) evaluation. Also, depending on the specific scenario, associating one UE per beam and then TDM several UEs could be the best choice since it will allow to maximize the available array gain. As a consequence, in the following we will assume that one beam is generated in each snapshot and one UE is associated to that beam. Another important point is to specify how the UEs are associated to each BS, especially in the case of multi-sector (e.g. 3 sectors) layout. We propose to use a simulation methodology made of the following steps:
1. Aggressor and victim network are generated.
2. UE associations: UE are associated to base station based on coupling loss. In this step there are two possible alternatives:
a. Associations are made assuming a single element pointing to the sector direction.
b. Associations are made assuming the MxN array pointing at the sector direction.
3. Once association is done, round robin scheduling is used. BF weights are adjusted to point to the LOS direction between BS-UE. This done for both victim and aggressor networks.
4. SINR Throughput are measured in the victim systems without considering ACI, i.e. , where  is the inter-cell interference.
5. SINR and throughput are computed considering ACI: , where  is the adjacent channel interference.
6. RF parameters are determined based degradation cause by ACI: . 
The main differences compared to the classical RAN4 methodology are Step 2 and Step 3. For the association phase, to simplify the simulation process we can assume that UEs are associated based on BS element gain which provides sector discrimination. Note that using 2.a or 2.b should bring very similar results. Step 3. is the most relevant phase in the simulation. In this step the beam is steered to point at the scheduled UEs. This means that the weighting factors are determined by setting  and  as the vertical and horizontal angle between the UE – BS LOS direction and the broadside direction. Another important factor to take into account is that Step 2 and Step 3 needs to be independently generated for victim and aggressor networks. Once beams are created in both victim and adjacent networks, cross interference is computed by considering the relative angles from aggressor BS and victim UE (in DL phase).
A pictorial representation of Step 2 and Step 3 is shown in Figure 3. 
	[image: ]
Step 2. UE are associated
	[image: ]
Step 3. A beam is generated for each scheduled UE.


[bookmark: _Ref458436088]Figure 3. Pictorial representation of Step 2. (UE association) and Step 3. (Beams creation) for 3 sectors layout.
As already mentioned, the proposed methodology has been illustrated for the case of single beam created in each snapshot. The same methodology can be adopted for the case of multiple beams depending on RAN4 agreements. In any case we propose to always schedule one UE per beam, since we believe the RF requirements should be determined based on this specific scenario. 
ACLR/ACS modeling 
Another important aspect of the simulation methodology is how to compute the leakage from adjacent channel in Step 5. Discussion about the frequency and space correlation for both ACLR and ACS already happened in RAN4 #79 [2]. It is also worth noticing that some analysis about the impact of ACLR correlation were already done during AAS study. The AAS study was done with specific assumptions about UE gain (0dBi omni-directional) and legacy ACS value. Since in that scenario UE ACS was dominating, the receiver imperfection was the most relevant factor of interference and the spatial direction of transmitter ACLR had less impact on the overall coexistence results. 
In the NR scenarios, there are at least two aspects which need to be taken into account. Firstly, UE will have much higher directivity providing some further capability of rejecting the interference coming from unwanted signals (both from other cells operating in the same channel and adjacent channel operators). Therefore the impact of receiver imperfection will be different. Also, depending on the network layout, the impact of using TRP or EIRP ACLR could be very different, this depending on whether aggressor and victim cells are co-located or not.
Based on the above observations, we believe that RAN4 needs an accurate way of modeling ACLR (and ACS). 
We believe the ACLR will be beamformed in a very similar way as the wanted signal. Since the main contribution to ACLR is given by IM3 distortion, the main question to ask is whether the IM3 distortion from different PAs contributing to the beam generation is strongly correlated or not. If we assume similar PAs are used (built in the same process), i.e. PA with same AM/AM and AM/PM characteristics it is natural to expect that if the in-band signal is combined coherently, the IM3 distortion is also combined mostly coherently. As a consequence, we believe that the most appropriate assumption is to assume that ACLR is beamformed as the wanted signal.

Regarding the ACLR/ACS shape in the frequency domain, we believe that RAN4 can assume both ACLR and ACS to be flat in frequency. Whether to consider single step or multiple steps ACLR in the simulation depends on what will be the assumption of the transmission bandwidth compared to the channel bandwidth (BW). In case for UL simulation, if UE tx BW is much smaller than the channel BW, multiple steps in frequency can be adopted.   
Assumptions about UE
An important factor which will determine the outcome of the coexistence study is the number of elements at the UE side. When considering the number of antenna elements to be placed at the UE side, several factors need to be take into account. First of all, it is natural that the UE form factor will impose some limitation to the maximum number of elements which can be supported. Also, different design strategies are possible based on the specific element pattern and element locations.
In order to cover different kind of implementations and leaving enough design flexibility without sacrificing the directivity gain at the UE side, we believe that a reasonable assumption is to have a maximum number of elements equal to 16 and maximum number of elements active at the same time equal to 4.
Throughput mapping and degradation criteria
In the LTE ACI coexistence study a very simple modelling of the Link Level performance was adopted. The model was based on a truncated and attenuated version of the Shannon’s bound, i.e.:
 
Where S is the Shannon’s bound,  is the minimum decodable SINR,  is the maximum achievable throughput and  is corresponding SINR, α is the attenuation factor which takes into account the system inefficiency and implementation loss compared to the Shannon’s limit. Since in NR we will consider higher order modulation the   needs to be modified. RAN4 should also consider whether to update the  Related to this, RAN4 should also reconsider what is the outage criteria for mmW.
Another important consideration is related to the criteria adopted to determine the RF requirements. So far we used to specify the requirements based on mean and 5%-tile throughput degradation. In particular, we looked at ACLR and ACS which guarantee both mean and 5%-tile throughput degradation to be within 5%. We believe that this criteria needs to re-evaluated in case of systems with spatial control of interference. For system with very high directive antennas the baseline performance with inter-cell interference only (no ACI) will be much improved compared to a single antenna system. Therefore the criteria adopted by RAN4 should also consider the improvement of the baseline SINR. In other words, the criteria to determine ACLR and ACS requirements should allow to achieve the best trade-off between reasonable requirements for mmW implementation and overall system performance. Related to this aspect is also the impact on cell edge throughput. In case of high directive systems, the ACI CDF will strongly depend on the simulated layout, especially whether victim and adjacent BS are co-located or not. 
Based on the above observations we suggest RAN4 to re-evaluate the throughput degradation limits once more data is available after the calibration process. Depending on the scenarios, several options are possible. For instance the 5% degradation limit could be increased, or in specific scenario only the mean throughput degradation could be considered provided that the impact to cell edge throughput of single antenna system is negligible. These are only possible suggestions, we invite other companies to also take into account new possible criteria to specify proper mmW RF requirements.  
Conclusions
In this contributions, we provided specific details about the methodology to be adopted for the adjacent channel coexistence study in RAN4. 
[bookmark: _GoBack]We also made observations about the way ACLR/ACS should be included in the RAN4 study, in particular we proposed to use beam-formed frequency flat ACLR. 
Regarding the UE assumptions, we made some considerations about the maximum number of antenna element which should be adopted for the coexistence simulations.
Finally, we discussed about the current criteria adopted to determine RF requirements, and we suggested other companies to review and adapt those criteria to the new scenarios under investigation for mmW.  
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