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1 Introduction
In RAN67 meeting a revisited 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 at the UE receiver are required:
· Detection or signalling of the interfering parameters (including power offset) 
· Interference cancellation
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. More specifically, considering 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 range of the power offset values may be different from currently assumed for Pa and, therefore, may require further discussion in RAN1 with consideration of the Tx and Rx impairments. 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 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. Furthermore, for DM-RS based transmission mode the power offset detection can be part of the channel estimation. 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. Therefore, considering flexibility and small implementation impact, we propose to consider superposition transmission schemes relaying on Rel-12 NAICS receivers with higher priority.
Proposal:

· Consider multiuser superposition transmission schemes relying Rel-12 NAICS receivers with high layer signalling assistance and blind detection of interfering signal parameters (e.g. modulation order, power offset) with the first priority
Another, more advanced, approach to support downlink superposition transmission relies on the use of CWIC receivers. Comparing to Rel-12 NAICS receivers, CWIC in addition to symbol level detection of interfering signal also involves demodulation and decoding of the interfering PDSCH. The detection of the interfering signal parameters for CWIC receiver is not feasible and dynamic signalling assistance will be required. More specifically, based on the Rel-12 NAICS study item TR, the following signalling assistance should be used for CWIC [3]:

Possible signalling assistance for CWIC receivers identified in Rel-12

	…

MCS and RNTI information is required to decode the interference PDSCH for L-CWIC, ML-CWIC, and iterative (R)-ML receivers. If interference PDSCH is a HARQ retransmission, RV information is required additionally.  UE detection of these parameters is not feasible without decoding the interference PDCCH, and signaling of RNTI and MCS may require additional overhead
…


To enable signalling assistance a combination of the physical and higher layer signalling is required. Therefore, evaluation of such approach of the superposition transmission should also include study on the control signalling overhead. Moreover, as noted in [3] PDSCH allocation alignment is also required for CWIC to maintain a reasonable UE implementation complexity. PDSCH alignment for serving and interfering PDSCH signals can be achieved by scheduling restrictions which is not always desirable. The scheduling flexibility can be maintained by using scheduling method with multiple DCIs per subframe proposed in [4]. In accordance to this approach, the resource allocation within a subframe can be split (e.g. by using multiple DCIs) into multiple smaller sub-allocations (potentially with the same HARQ process number) with independent coding to better match the allocation boundaries for serving and interfering PDSCH. Such approach would enable more frequent use of CWIC without scheduling restrictions at the cost of the reduced CTC coding efficiency and additional downlink control signalling overhead. Considering possible scheduling restriction and control signalling overhead discussed above, study of the multiuser superposition transmission schemes with CWIC receiver should be conducted with the second priority.
Proposal:

· Consider multiuser superposition transmission schemes for PDSCH which are based CWIC receiver and dynamic signalling assistance with the second priority

· The impact of the additional downlink control signalling overhead and PDSCH resource allocation alignment should be studied 
3 Summary

In this contribution we have discussed possible approaches of supporting simultaneous transmission schemes in application to LTE-A systems. Based on the discussion above the following proposals were made:
· Consider multiuser superposition transmission schemes relying Rel-12 NAICS receivers with high layer signalling assistance and blind detection of interfering signal parameters (e.g. modulation order, power offset) with the first priority

· Consider multiuser superposition transmission schemes for PDSCH which are based CWIC receiver and dynamic signalling assistance with the second priority

· The impact of the additional downlink control signalling overhead and PDSCH resource allocation alignment should be studied 
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