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1. Introduction
In the RAN4#79 meeting, WF on WP 5D co-existence simulation assumptions [1] was agreed to initialize NR coexistence study. In this contribution, we want to share some considerations on the spatial patterns for NR ACLR.
2. Discussion 
During the NR evening adhoc meeting in Nanjing, we reached some consensus as following.  

1) In addition, model in ACLR is two step models in frequency. 
2) Ues the different correlation levels to study the spatial patterns for ACLR. ACLR metric defines integrated over the whole space. If study should ACLR can be modelled as flat in space, then, we just use integrated ACLR model. 

3) Assume flat ACS in frequency. In space, study if ACS model is flat.   
2.1 ACLR model for NR coexistence study
The first assumption is that we need the ACLR model with 2 steps as shown in Figure 1. However we noticed that this ACLR model can only be applied for uplink in LTE system. Because in the legacy LTE simulation in RAN4, we assume that there will be 3 UEs scheduled with FDMA in the uplink and only 1 UEs scheduled in the downlink. 

In the NR coexistence study, if we reuse the coexistence assumption of UE specific beamforming in AAS SI, namely 4 UEs scheduled with the same frequency in the downlink and 3 UEs scheduled with FDMA in the uplink. Then ACLR with 1 step in the downlink is enough. For the uplink, we can also start with ACLR model with 1 step. 

Proposal 1: use the ACLR model with 1 step for initial coexistence study, for ACLR model with 2 step for the uplink coexistence study can be further investigated;
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Figure 1. ACLR model with 2 steps [TR 36.942]
2.2 Integrated ACLR for NR
Just as mentioned in section 2.1, there will be 4 UEs scheduled in the downlink and corresponding 4 beams steering directly to the specific UE in AAS SI. During the AAS SI, the 4 beams are assumed to be generated by the single panel simultaneously as show in Figure 2 and baseband signals for 4 specific UEs are inputted into the same PA unit. That’ s the reason why IMD3 signals defined in AAS are generated among different beams. For the NR BS, the antenna array architecture is not discussed yet in RAN4. In general, the whole antenna array of NR BS will be grouped into several subset panels as shown in Figure 3, however whether shared antenna array architecture similar or independent antenna array architecture as shown in Figure 4 and 5 is not discussed both in RAN1 and RAN4. If the NR BS is designed with independent antenna array architecture and NR BS can only generate one beam per panel at the same time. Then the IMD3 signals within each panel could just be generated by single beam, not look like the AAS. Therefore whether the spatial pattern of NR ACLR should be based on each beam or several beams should depend on the NR BS antenna array architecture.
Proposal 2: whether the spatial pattern of NR ACLR should be generated by single beam or multiple beam should be further investigated; 
In addition, as we already agreed to consider the correlation level for the unwanted signals among the transmitters in the RAN4#79 meeting. As we all know, AAS is mainly designed for wireless system below the 6GHz. While NR system is aimed to work on 30GHz and 70GHz and have much wider transmission bandwidth compared with LTE system. Therefore correlation levels of unwanted signals generated within each panel of NR BS and UE should be further studied. 
Proposal 3: the correlation levels of unwanted signals generated within each panel of NR BS and UE should be further studied; 
Proposal 4: For NR coexistence simulation work, start with spatial pattern of ACLR if correlation levels of NR BS and UE is not confirmed by companies;
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Figure 2. Antenna structure of AAS BS[2]
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Figure 3 Antenna struture of NR BS [3] 
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Figure 4 shared antenna array architecture of NR BS [4]
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Figure 5 Independent antenna array architecture of NR BS [4]
Spatial pattern for AAS ACLR From 37.842
In case of UE specific beam forming, the AAS BS may generate 
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 beams, each pointing to a specific UE. The overall radiation pattern of the 
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 beams can be derived as 
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 is the element pattern defined in Table 5.3.3.1-1, and 
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are the array factors defined in Table 5.3.3.2.1-1.

Due to the non-linearization characteristics of the transmitters, the 3-rd order inter-modulation productions generated by the 
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 beams may be pointed to different directions as the weighting vector for each of the beams are involved in the inter-modulation process, and combinations of any three of the weighting vectors generated a different direction for the 3-rd order inter-modulation product. The overall radiation pattern of the IMD3 products can be derived as  
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where 
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is number of IMD3 beams generated, and 
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. Please be noted that the triplet (p, q, l) is order sensitive and they represent any of the three UE specific beams with an inter-modulation relation of p+q- l. Please also be noted p, q, l can take the same value. Therefore
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 is the weighting vector for the IMD3 products generated by the three beams and 
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The weighting factor above is for the IMD3 products 
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 which is generated by
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 represent any frequency component in beam p, q, l correspondingly.

Based on the radiation pattern of wanted signal and IMD3 products, the ACLR pattern can be derived as 
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where 
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is the ACLR performance of each transmitter. 

The assumption in Table 5.4.3.1-1 in TR 37.840 was used for UE beam forming scenarios but the number of UEs activated in each cell is assumed to be 4. A 10x4 antenna array is employed to generate beams pointed directly at each UE dropped in cell. 
3. Conclusions
In this proposal, we mainly analyze the spatial patterns for NR ACLR and some proposals are made as following:
Proposal 1: use the ACLR model with 1 step for initial coexistence study, for ACLR model with 2 step for the uplink coexistence study can be further investigated;

Proposal 2: whether the spatial pattern of NR ACLR should be generated by single beam or multiple beam should be further investigated;

Proposal 3: the correlation levels of unwanted signals generated within each panel of NR BS and UE should be further studied; 
Proposal 4: For NR coexistence simulation work, start with spatial pattern of ACLR if correlation levels of NR BS and UE is not confirmed by companies;
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