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1 Introduction
In RAN #67, a new SI, Study on Downlink MultiUser Superposition Transmission (MUST) for LTE, was approved [1]., with the following objective: 
· Identify and study possible enhancements of downlink multiuser transmission schemes within one cell.
· Investigate the potential gain of schemes enabling the simultaneous transmission of more than one layer of data for more than one UE without time, frequency and spatial layer separation (i.e. using the same spatial precoding vector or the same transmit diversity scheme over the same REs) over the existing Rel-12 techniques.
· Identify required standard changes needed to assist UE intra-cell interference cancellation or suppression for the objectives listed above.
· The study should consider realistic deployment scenarios, traffic model and trade-offs between system-level gain, UE complexity, signalling overhead as well as specification impact. The study will consider UE and eNB feasibility for the possible enhanced schemes, with realistic UE and eNB impairments modelling (e.g. EVM, imperfect CSI feedback), channel estimation errors. 
· The study should take into account techniques in other SI/WI (e.g., FD-MIMO), and duplication of work should be avoided.

· The study will not consider enhancements to spatial precoder for the downlink.
· The study should be applicable to both TDD and FDD.
In RAN1 #81, Gray/Non-Gray transmission methods were discussed for MUST and the following conclusions drawn:
· Companies are encouraged to provide their own superposition coding transmission schemes.
· Companies are recommended to evaluate performance of multiuser superposition schemes with and without Gray mapping.
In this contribution, we evaluate the Bitrate of different MUST schemes. As a first step, we evaluate the link-level Bitrate performance for the single far and near users in a SISO transmission mode.
2 Superposition Coding Schemes
Figure 1 shows the model of MUST in the downlink. In this contribution, we assume a two-UE MUST case and define a “Near UE” whose transmit power is 
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and a “Far UE” whose transmit power is 
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, where the total transmit power is P and the transmit power allocation factor 
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. This means that the Near UE’s transmit power is smaller than the Far UE’s. When 
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 is set adequately, the Far UE can decode its own signal without a canceller because the Near UE signal whose transmit power is lower, is regarded as noise. On the other hand, the Near UE needs a canceller or other detection method to decode its signal because the Far UE transmission power is too high for the Near UE to ignore this intra-cell superposition interference. We evaluate 2 receiver types for the Near UE receiver: a Code Word Interference Canceller (CWIC) receiver and a Maximum Likelihood (ML) receiver which were studied for the Rel-12 NAICS receivers [2].

We consider 3 candidate transmission schemes and 2 receivers same as other our T-Doc RAN #82 R1-154220 [3]. There are details of Transmit and Receive scheme for MUST in that T-Doc, therefore we omit these descriptions in this T-Doc.
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Figure 1 – A model of multiuser superposition transmission in downlink
3 Link-Level Simulation Result
3.1 Simulation Conditions

In Orthogonal Multiple Access (OMA) case, we define Near UE average received SNR is “SNROMA-Near” [dB] and Far UE is “SNROMA-Far” [dB]. We calculate Near and Far UE average received SNR for MUST from , SNROMA-Near and SNROMA-Far. We assume that Each UE’s Channel Quality Indicator (CQI) is selected by the required CQI combination for achieving a block error rate (BLER) of 10-1 for both UEs. 


Table 2 shows the Link-level simulation conditions. Considering each UE’s received SNR of MUST, it is assumed that the SNROMA-Near is 17dB and the SNROMA-Far is 7dB. Transmit Power Allocation Ratio  range is 0.05~0.5, Constellation patterns tested are Non-Uniform Non-Gray, Non-Uniform Gray, Uniform Gray and receivers are Soft CWIC or ML (Soft Sphere Decoding). In the CWIC receiver, checking of the CRC of the Far UE symbol replica is not done. The channel model used is the Extended Typical Urban model with perfect channel estimation. With these conditions, the Near and Far UE’s Bitrate was measured in Link-level simulations.
Table 2 – Link-Level Simulation Conditions
	SNROMA-Near
	17 [dB]

	SNROMA-Far
	7 [dB]

	Transmit Power Allocation Ratio 
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(Near UE Power Allocation Ratio)
	0.05, 0.1, 0.2, 0.3, 0.4, 0.5

	Number of Subcarrier per Resource Block
	12

	Number of Downlink Symbol per Slot
	7

	FFT size
	128

	FEC
	Turbo Coding (R=1/3, Iteration=8)

	Transmission mode
	1

	Number of BS
	1

	Number of UE
	2 (Near UE & Far UE)

	Number of BS antenna x UE antenna
	1 x 1

	Channel model
	Extended Typical Urban

	Channel estimation
	Perfect estimation

	Constellation pattern
	1. w/ Non-uniform NON-Gray

2. w/ Non-uniform Gray

3. w/ Uniform Gray

	Receiver Type
	CWIC, ML(Soft Sphere Decoding: SSD)


3.2 Simulation Result
Figure 2 show the Near UE and Far UE Bitrate result. To begin with, we compare the MUST and the OMA results. From Fig. 2, MUST can achieve higher bitrate than OMA case except for some cases. For example, when Far UE bitrate is 0.4 [bits/s/Hz], Near UE bitrate is,


OMA
: 0.10 [bits/s/Hz],



MUST
: 0.77 [bits/s/Hz] (CW-IC Non-Uniform Non-Gray = 0.2).

On the other hand, some MUST cases are lower than OMA result. For example, one case is ML Non-Uniform Gray =0.4. We should research  and CQI combination to find appropriate sets.


Comparing Gray and Non-Gray of CWIC, bitrate is no difference. On the other hand, in the case of ML, Gray bitrate is higher than Non-Gray bitrate in higher . For example, when =0.3, Far UE bitrate is no difference among ML Non-Uniform Gray and Non-Gray. On the other hand, Near UE bitrate is,



ML Non-Uniform Non-Gray
: 0.60 [bits/s/Hz],



ML Non-Uniform Gray
: 0.97 [bits/s/Hz].

Comparing CWIC (Gray/Non-Gray) and ML (Gray), CWIC bitrate is higher than ML Gray in higher . In addition to these evaluations, taking into account the NAICS evaluation results, we should consider the complexity of each candidate receivers.
Observation
1: MUST can achieve higher bitrate than OMA to select appropriate  and CQI.
Observation
2: In the case of CWIC, Gray bitrate is no difference with Non-Gray bitrate.
Observation
3: In the case of ML, Gray bitrate is higher than Non-Gray bitrate in higher .
Proposal
1:  From Observation 1, we should research  and CQI combination to find appropriate sets.
Proposal
2: Taking into account the NAICS evaluation results, we should consider the complexity of each candidate receivers.
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Figure 2 – Far UE Bitrate  x  Near UE Bitrate
4 Conclusions
In this contribution, we presented Link-level simulation results for MUST with various superposition transmission schemes. We compared the bitrate with Uniform/Non-Uniform Constellations, Gray/Non-Gray Mapping and CWIC and ML receivers. We also compared the MUST bitrate with OMA. From these evaluations, we made the following observations and proposal on link level performance:
Observation
1: MUST can achieve higher bitrate than OMA to select appropriate  and CQI.

Observation
2: In the case of CWIC, Gray bitrate is no difference with Non-Gray bitrate.

Observation
3: In the case of ML, Gray bitrate is higher than Non-Gray bitrate in higher .
Proposal
1:  From Observation 1, we should research  and CQI combination to find appropriate sets.
Proposal
2: Taking into account the NAICS evaluation results, we should consider the complexity of each candidate receivers.
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