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1 Introduction
In RAN67 meeting a study item on Downlink Multiuser Superposition Transmission for LTE has been approved [1]. The main objective of the study item is to identify and study possible enhancements of downlink multiuser transmission schemes within one cell. More specifically, the potential gain of schemes enabling the simultaneous transmission of more than one layer of data for more than one UE using the same spatial precoding vector or transmit diversity scheme over the same REs should be investigated. In this contribution we discuss possible approach of supporting such simultaneous transmission schemes in LTE-A systems.
2 Discussion
The basic principle of the simultaneous transmission is illustrated in Figure 1, where two UEs scheduled for simultaneous downlink transmission are experiencing substantially different propagation conditions [2]. In superposition transmission the total Tx power at the eNB is shared among two simultaneously transmitted signals (1st and 2nd) designated to UE1 and UE2. Furthermore, UE1, due to close proximity to the eNB, receives the signal with relatively low propagation loss comparing to the signal received by the UE2. 
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Figure 1: Illustration of downlink superposition transmission 
Due to different propagation conditions the MCS of the 1st signal is typically more robust than the MCS of the 2nd signal. In this case, the UE1, by using interference cancellation receiver, would be able to detect the 2nd signal of the 2nd UE and use the reconstructed version for interference cancellation. Therefore, the 1st signal in the evaluations is often considered as received without interference from the 2nd signal, although this assumption is not valid in practice when Tx/Rx impairments are considered. 
For enabling of the downlink multiuser superposition transmission two functionalities are required:
· Detection at the UE or signalling of the interfering parameters such as
· Power offsets

· Modulation order

· Interference presence
· Interference cancellation at the UE
Depending on the transmission mode and assumed interference cancellation receiver the required functionalities could have different system impact. In fact, with Rel-12 NAICS receivers, support of superposition transmission can be made with little or no specification/implementation changes and provide flexibility in the user scheduling as discussed below. 
CRS based transmission schemes

Concerning CRS based transmission modes, the detection of interfering signal parameters such as modulation order and power offset could be part of the standard blind detection procedure of the receiver defined in Rel-12 NAICS for interfering signal of other cell. To support multiuser superposition transmission schemes relying Rel-12 NAICS receivers, the power offset subset signalling for the serving cell should be introduced. The possible values of the power offset values may be different from the currently assumed for Pa and, therefore, may require further discussion in RAN1 with consideration of the Tx / Rx impairments and system-level benefits. The example of the possible power offset values for different modulation combinations that results into the existing modulation orders after superposition is provided in Table 1:

Table 1: Association of the power offset with different modulation orders

	PDSCH 1
	PDSCH 2

	Modulation 1
	Pd1
	Modulation 2
	Pd2

	QPSK
	1/5
	QPSK
	4/5

	QPSK
	4/5
	QPSK
	1/5

	QPSK
	16/21
	16QAM
	5/21

	QPSK
	64/85
	64QAM
	21/85

	QPSK
	0
	-
	−∞

	16QAM
	5/21
	QPSK
	16/21

	16QAM
	1/17
	16QAM
	16/17

	16QAM
	16/17
	16QAM
	1/17

	16QAM
	0
	-
	−∞

	64QAM
	21/85
	QPSK
	64/85

	64QAM
	0
	-
	−∞


DM-RS based transmission schemes

For DM-RS based transmission mode the power offset detection can be part of the channel estimation if different DM-RS antenna ports are used for transmission of the MUST layers. More specifically, orthogonal (or quasi-orthogonal) DM-RS signals with power offset levels corresponding to the multiplexed PDSCH may be used for transmission to the UE. In such case the receiver would only require blind detection of the interference presence and modulation order that would make operation of multi-user superposition more robust. Comparing to predefined power offsets from the quantized set for CRS-based transmission modes, DM-RS based approach of supporting multiuser superposition transmission schemes also provides flexibility in the power offset assignment for the multiplexed PDSCH and would not require additional signalling assistance or network restrictions.
It should be noted that blind detection capability of the power offset and modulation order would allow flexible pairing of different UEs on PRB pair level. With the physical layer signalling approach the pairing of the UEs may be more problematic, since the indicated power offsets for serving and interfering PDSCH should be constant over the entire resource allocation. This constraint would limit the scheduling flexibility for downlink multiuser pairing. Therefore, considering flexibility and small implementation impact, we propose to consider superposition transmission schemes relaying on Rel-12 NAICS receivers.
3 Summary

In this contribution we have discussed possible approach of supporting simultaneous transmission schemes in application to LTE-A systems. Based on the discussion above the following proposal was made:
Proposal:

· Consider multiuser superposition transmission schemes relying Rel-12 NAICS receivers with high-layer signalling assistance on the possible MUST power offsets for PDSCH and blind detection of interfering signal parameters such as modulation order, power offset and interference presence 
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