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1. Introduction
Regarding the new study item, named ‘network assisted interference cancellation and suppression’ (NAICS), there were some agreements in terms of the receiver terminology which were summarized in [1] during RAN4 #72bis, Chicago, USA. Also, MU-MIMO operation has been chosen as one of the valid scenarios in NAICS study. However, there were no agreements made on the MU-MIMO modeling [2]. 
· Intra-cell interference scenario 

· SU-MIMO (rank-2): Interested companies can bring in results in the next meeting.

· MU-MIMO 

· Companies are encouraged to define methodologies for link-level interference modeling for MU-MIMO

· General methodology for link level modeling

· Inter-cell interference modeling: The general principle is to reuse the same methodology used for MMSE-IRC. FFS on interference profiling under FTP model and/or full buffer. 

· FFS: Intra-cell interference modeling

Therefore, in this contribution, we discuss our proposal on MU-MIMO interference modelling for LLS simulation.
2. MU-MIMO Operation
When eNB schedules MU-MIMO packet, it considers some optimization criteria and eventually selects, for example, two user equipments (UEs) for simultaneous transmission. The optimization could be some form of capacity or SINR calculation. MU-MIMO transmission for those selected UEs occupies the same resource element (RE), and therefore their signals interfere with each other. Naturally eNB’s scheduler needs to carefully pair two UEs to minimize the MU interference. However, specifications do not define any scheduling algorithm, which makes it difficult to model the realistic MU interference, especially for RAN4 link level study.
Having this difficulty, we propose here a simple and generic approach for LLS simulations. In terms of the received signal modelling, there are not many differences between MU-MIMO and inter-cell interference modelling. Assuming a precoding-based operation and two data streams (here, it is intended for each UE), the generic representation of the received baseband signal can be written as
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where i and j are the signal index, and ‘0’ is used for the desired signal. The parameter Pi , Hi , Wi , and xi are the power, channel, precoder, and data of i-th stream, respectively. The term n is the noise with the power of No. In MU-MIMO, both P0  and P1 would be 0.5 in general. In the view point of UE-0, both signals experience the same channel, therefore H0  and H1 are the same. As already stated, eNB’s scheduler needs to calculate (or select) some ‘good’ precoders, which are W0  and W1 , for a proper receive operation.
For realistic MU interference modelling, full system level simulation may be necessary to find out some information such as MCS used for each UE or SINR range of interest. Until RAN4 have this information, we propose the followings to expedite investigations:
1. Use TM9/10 first (4x2 antenna configuration).  Later, investigate TM5 if necessary and agreed. All bandwidth are utilized for transmission
2. Similar modelling of inter-cell interference using DIP profile after agreeing on DIP values
3. Limit the scenario to 2 UEs, and the scheduler always performs MU-MIMO transmission unless SU-PMI feedbacks from each UE are the same. When the PMIs are the same, eNB skips those subframes and they are not considered for the throughput calculation.

4. Explicitly model the UE dropping: The location of each of the two UEs in a cell randomly changes during the simulation (e.g. every 1 sec). Ignore the long term fading since SINRs will be set in link level simulation. Short-terms fading channels will be generated based on the ITU UMa/UMi channel model.  

5. Single layer only for each UE, and the same/different MCS for each UE
6. Use the generic zero-forcing precoding algorithm. In TM5, use the PMI feedback as it is.
Although the above proposals may look like too much simplification, it would be good starting point for the initial investigations.
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Figure 1.  Left : Sum throughput of MU-MIMO, Right: Histogram of PMI selection at UE (TM9, UMA_NLOS or EVA 5Hz, MCS 20 for both UEs, 4x2 cross-pol antenna)

Figure 1 shows the preliminary test results. The left figure illustrates the sum throughput of the two UEs. We can see that L-CWIC provides significant gain over LMMSE-IRC by subtracting MU interference. For the channel and spatial correlation modelling, two methods were tested.
1) Cross-polarization model in 36.101 (fixed high spatial correlation), and EVA 5Hz. Channels generation do not assume any UE location. 
2) Varying spatial correlation according to the UE’s location in a cell, and UMAa NLOS 5Hz
The figure on the right shows the histogram of the selected PMI. There are clear differences in terms of PMI selection mainly due to the two different spatial correlation models. In terms of throughput, there is also noticeable difference. As MU-MIMO UE pairing would be also dependent on the UE’s location (therefore its preferred PMI selection), we propose that each UE change its location randomly during the whole simulation to mimic semi-system level simulation.

3. Conclusion 
In this contribution, we discussed our proposals on MU-MIMO modeling. Our proposals are:
7. Use TM9/10 first (4x2 antenna configuration).  Later, investigate TM5 if necessary and agreed. All bandwidth are utilized for transmission

8. Similar modelling of inter-cell interference using DIP profile after agreeing on DIP values

9. Limit the scenario to 2 UEs, and the scheduler always performs MU-MIMO transmission unless SU-PMI feedbacks from each UE are the same. When the PMIs are the same, eNB skips those subframes and they are not considered for the throughput calculation.

10. Explicitly model the UE dropping: The location of each of the two UEs in a cell randomly changes during the simulation (e.g. every 1 sec). Ignore the long term fading since SINRs will be set in link level simulation. Short-terms fading channels will be generated based on the ITU UMa channel model.  

11. Single layer only for each UE, and the same/different MCS for each UE

12. Use the generic zero-forcing precoding algorithm. In TM5, use the PMI feedback as it is.

References
[1] R4-132017, "WF on NAICS Receiver Terminology ". 
[2] R4-131966, “Meeting minutes of NAICS Ad-hoc”, MediaTek, RAN4 #66bis
_1429950711.unknown

