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Introduction
In RAN1#86 [1], the following agreements were made regarding a spatial multiplexing method.

	Agreements:
· Strive to design a unified CSI framework, avoiding introducing multiple classes/subclasses and redundant (equally performing) configurations, while still covering a wide variety of use cases and frequency bands
· Coupling/Decoupling (e.g. fixed timing relationships, joint configuration) between the following functions should be studied
· RS transmission used for CSI acquisition (CSI-RS transmitted in DL and SRS transmitted in UL)
· Use of other RS(s) is not precluded (e.g., DMRS)
· Note that CSI-RS and SRS may or may not have the same physical signal design
· Note that the reference signal naming can be revisited later
· CSI measurement/reporting
· Multi-antenna transmission method/scheme
· Downlink control signaling
· Study flexible scheduling/configuration of  CSI-RS, CSI report and transmission method/scheme for data and control
· DL DMRS and UL DMRS based spatial multiplexing (SU-MIMO/MU-MIMO) is supported
· FFS: Necessity of sidelink spatial multiplexing
· At least 8 orthogonal DL DMRS ports is supported for SU-MIMO scheduling
· At least 8 orthogonal DL DMRS ports is supported for MU-MIMO scheduling
· Support dynamic switching between transmission methods/schemes, e.g. between
· Transmit diversity
· Spatial multiplexing



It has been shown in [2,3] that nonlinear precoding can effectively mitigate inter user interference and improve throughput performance in crowded environments. In this contribution, we investigate specification impacts of nonlinear precoding schemes.

Specification impact of nonlinear precoding: UE cateogry
To separate users at the transmitter by nonlinear precoding (NLP), accurate channel information is required at the transmitter for its linear and nonlinear operation. In RAN1, various feedback schemes such as reciprocity based channel estimation schemes are considered to improve quality of the feedback information for the transmitter. NLP can take advantages of the new CSI acquisition schemes. 
As a reference, transmitter and receiver structure for a typical nonlinear MU-MIMO system is shown in Figure 1 and Figure 2. In Figure 1, NLP is labeled as inter user interference pre canceller (IUI-PC).
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[bookmark: _Ref450917793]Figure 1 : MU-MIMO transmitter diagram with NLP and linear precoding (LP)
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[bookmark: _Ref450917749]Figure 2: Receiver diagram using modulo operator





[bookmark: _Ref461459171]Figure 3 : Relationship between 5G BS and UE

As shown in the analysis in [4], the modulo operation at the receiver, also shown in Figure 2, does not cause significant performance degradation during the mismatched situation, i.e.,when linear precoding is used at BS and the transmitted signal is received by the receiver equipped with the modulo operator. Thus, in principle, no extra signaling is required from the base station to inform the receiver that nonlinear operation is implemented at the transmitter.
Relationship between 5G BS supporting LP only or both NLP and LP is illustrated in Figure 3. As shown in Figure 3, UEs must notify the transmitter its capability; UE needs to inform the transmitter whether it is equipped with the modulo operator or not. 
Concerning modulo operator, there could be two options for the UE capability. If modulo operation becomes mandatory, the base station can turn on nonlinear precoder, regardless of density of UEs. If it is optional to have a modulo operator, UEs can inform the base station its capability to decode nonlinearly precoded signals.

 Thus the following options can be considered:
1. All NR compliant UEs are equipped with modulo operator: BS always turns on nonlinear precoding
2. It is optional to have the modulo operator at UE: BS may turn on or off nonlinear precoding operation depending on the UE capability or UE environment.
 
From the above considerations, the following observation can be made:

Observation 1: UE capability information for notifying BS whether the UE can process nonlinear precoded signals should be considered
Specification impact of nonlinear precoding: RS design
In this section, possible impacts of nonlinear precoding on RS designs is discussed. Due to the nonlinear operation at the transmitter, effect of precoding on RS is no longer transparent to the receiver. Thus, if RS is to be precoded, linear precoding, which is transparent to the receiver, must be used. Since RS designs are still under the way, the RS design discussed in this section will be based on the LTE design. 
DM-RS designs require some considerations because of the modulo operation at BS and UE. Due to the feedback filter and modulo operation at the transmitter, DMRS will be corrupted by the data symbols, preventing the receiver from estimating the channel with DMRS. Thus, similar to LTE, linear precoding should be used for DM-RS. Similarly, if CSI-RS is precoded, it should be linearly precoded. 

Observation 2: Linear precoding should be used for DM-RS
Observation 3: If precoded, CSI RS should be linearly precoded.

Based on the above observation, we make the following proposal.

Proposal 1: Nonlinear precoding should be considered as the candidate technology for spatial multiplexing for data symbols

Specification change to improve performance of linearly precoded signals
Presence of nonlinear precoded signals may require additional signaling from BS to UE to improve performance of linearly precoded signals. It is important to note that the proposal here is not a mandatory proposal. 
Use of interference cancellation methods to remove inter-beam interference for linearly precoded signals is possible. As an example, linearly precoded beams are shown in Figure 4, where  represents a weight on each beam. For linearly precoded signals, the interference from neighboring beam, , might be estimated by DMRS. Since linear precoding is performed on data symbols, the estimated weights can be used in an interference cancellation method. On the other hand, for nonlinear precoded signals estimated weights from linearly precoded DMRS, cannot be used to cancel inter-beam interference. Thus, to assist the interference canceller, BS needs to signal UE whether transmitted signal is precoded linearly or nonlinearly. If the BS can indicate linearity in the precoding scheme, UE can implement interference cancellation to improve the demodulation performance.

Observation 4: BS signaling for UE to indicate the use of linear precoding is recommended to improve demodulation performance
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[bookmark: _Ref462858222]Figure 4 : Transmit signals using linear precoding
Conclusion
 In this contribution, we made the following observations and proposal.

Observation 1: UE capability information for notifying BS whether the UE can process nonlinear precoded signals should be considered
Observation 2: Linear precoding should be used for DM-RS
Observation 3: If precoded, CSI RS should be linearly precoded.
[bookmark: _GoBack]Observation 4: BS signaling for UE to indicate the use of linear precoding is recommended to improve demodulation performance

From Observation 1, 2 and 3, it is clear that nonlinear precoding requires a dedicated UE category. DMRS and CSI-RS need to be linearly precoded, as done in LTE. Based on these observations, we make the following proposal. 

Proposal 1: Nonlinear precoding should be considered as the candidate technology for spatial multiplexing for data symbols
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