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Introduction
 In the RAN1#86b meeting, the following agreement was made [1]:

	R1-1610831	WF on Spatial Multiplexing Schemes for MU-MIMO	Mitsubishi Electric, InterDigital, Samsung, NTT DOCOMO, IITH, IITM, Tejas Networks, CEWIT, KDDI
Also supported by AT&T, Reliance jio, Huawei, HiSilicon



As shown below, the proposal was to investigate and compare the performance and complexity of nonlinear precoding schemes against existing linear precoding schemes [2].

	Study performances of nonlinear precoding schemes for MU-MIMO focusing on the following aspects
· Potential nonlinear precoding schemes
· Performance advantages over linearly precoded systems
· Comparison of complexity with respect to linearly precoded systems
· Specification Impacts (e.g., signaling and RS design, etc.)



In this contribution, we describe an abstraction process that can be used in a system level simulation (SLS).
Abstraction of nonlinear precoding schemes for SLS
Typically, MU-MIMO evaluation requires a system level simulation (SLS) due to necessity for scheduling multiple UEs. In addition, performances of precoding schemes in variable environments, i.e., UE mobility, inter cell interference, needs to be investigated by using SLS. While abstraction for linear precoding is widely used, abstraction of nonlinear precoding schemes is not well known. Lack of commonality in the abstraction method of nonlinear precoding among the simulators for SLS may lead to divergence in companies’ system level performances.
In this section, a method to abstract nonlinear precoding schemes is described. It should be noted that the abstraction method described in this contribution is based on the channel capacity and other schemes can also be considered

Channel capacity based abstraction for linear precoding
[bookmark: _GoBack] Let us introduce a  channel matrix  capturing channel coefficients between  UE and transmitter, where  and  denote the number of receive antennas for the  UE and transmit antennas. We also denote the total number of RX antennas as  . We assume that there are M UEs in the system and ,  , where  is the number of data streams transmitted to the  UE. If we denote   as the precoding matrix for the  UE’s symbols, the precoded channel matrix can be written as follows,

.				(1)

In conventional precoder designs, the linear precoding matrices should be designed such that null beams are created for unintended UEs. Thus, the desired channels after precoding can be written as follows

[bookmark: EQ_BD],			 (2)

Where the  UE does not experience any interfering beams from other UEs.
 In the above design, abstraction of the performance by using the channel capacity can be derived as follows. Let us describe the conventional linear precoding scheme with the following matrix,

  				(3)

where  is removed from the above matrix to create null-steering beams for channels seen by other UEs. The singular value decomposition of  is given by

				(4)

where  is an  matrix containing singular values and  contains orthonormal basis with dimension , imposing the condition .
After precoding with , the effective channel matrix and its SVD for the  UE can be expressed as 

				(5)

The diagonal elements of , sorted in descending order, are the gains for the eigenbeams for the  UE. The precoding becomes  where  contains the  first orthonormal basis corresponding to in . and channel capacity, assuming the Gaussian input, for the  stream is given by the following, where  denotes the  diagonal element of matrix .

, 				(6)

where  denotes the bandwidth.

Channel capacity based abstraction for nonlinear precoding
As mentioned in the past contribution, in hybrid beamforming systems, interfering beams can be observed by neighboring UEs. Instead of relying on linear precoding, nonlinear precoding is used to cancel the interfering beams’ signals. Thus, in this contribution, we consider a scheme which combines both linear and nonlinear precoding. 
When nonlinear precoding is implemented, linear precoder can either create intentional interference for multiusers diversity or eliminate interference by null beam steering as described in the previous subsection. An example of implementation of the combination of LP and NLP using Tomlinson Harashima precoding [4, 5] is shown in Figure 1. 



[bookmark: _Ref465862900]Figure 1 A combination of LP and NLP

Nonlinear precoding will be used to cancel inter-user interference, simultaneously obtaining multi-user diversity. The following example demonstrates how linear and nonlinear precoding can be combined. In the first design step, the linear precoding matrix is designed as in [3], or other known block triangulation techniques, such that  for , which produces an equivalent channel matrix,

[bookmark: EQ_BT]. 				(7)

In a second design step, the remaining inter-user interference due to the non-diagonal blocks in (7) is cancelled at the transmitter by the usage of the non-linear precoding stage using the feedback filter.
It should be noted that while the linear precoding technique mentioned in the previous section attenuates transmit power for the intended UE to limit the inter-UE interference, precoding schemes that tolerates inter UE interference allow more power allocation for intended UEs. Thanks to proper UE group selection,  for . Thus the BT matrix shown in the above equation is a model that can be applied to a variety of types of UE distributions. Finally, when UEs are located close to each other, ill conditioned matrices may arise in (2). Allowing interfering UEs as in (7) provides a better decodable condition with increased complexity at the transmitter.
Similar to the analysis in the previous section, SVD for the channel seen by the  UE can be expressed as follows,

			(8)

The precoded channel and its SVD decomposition is given by,

				(9)

Finally, the capacity for the BT channel is given as follows,

				(10)

The above capacity, , can be used as the abstracted performance of NLP.

Proposal 1: Use the Shannon limit based metric shown in (6) and (10) as the starting point for comparing LP and NLP in the SLS
	
Conclusion 
 The following proposal is made in this contribution.

Proposal 1: Use the Shannon limit based metric shown in (6) and (10) as the starting point for comparing LP and NLP in the SLS
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