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1. Introduction
The study item (SI) entitled “Enhanced Multiuser Transmissions and Network Assisted Interference Cancellation” was approved in RAN plenary #66 [1], and the SI was revised to “Study on Downlink Multiuser Superposition Transmission for LTE” in RAN Plenary #67 [2]. The objectives of the study are the following:
· 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 this contribution, we introduce the multiuser superposition transmission (MUST) scheme to be studied in the SI. The introduction is comprised of the system model formulation and the procedure of MUST implementation. Similar to other transmission schemes supported by LTE, the procedure includes UE channel state measurement and feedback, eNB scheduling, and UE data detection/decoding. Two companion papers are also submitted to the meeting. In [3], the target deployment scenario for MUST performance evaluation is addressed, and the system-level evaluation methodology is proposed in [4].
This contribution is a resubmission of R1-151655.
2. System Model
We consider a MIMO broadcast channel which models the downlink of a cellular communication system. The eNB has Nt transmit antennas. At a time-frequency resource, the eNB performs spatial multiplexing MIMO transmission over B spatial beams by linear precoding. Assume the MUST scheme is applied at the first spatial beam in which the signals intended for two target users are superposed and precoded by a precoding vector. In general, the received signal quality, e.g., SINR, at the two receivers should have a large difference to benefit from the transmission scheme [5]. In the sequel, the two users are called the near- and far-users based on their distance to the serving eNB, where the former and latter refer to the ones with a better and worse signal quality, respectively. Based on the above description, the transmitted signal x can be expressed as
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where pi, 1 ≤ i ≤ B, is an Nt-dimensional unit-norm precoder applied at the i-th beam, Pi is the transmitted power allocated at beam i, 0 < N < 1 and 
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are the modulated symbols for the near- and far-users, and 
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 is the j-th power scaled modulated symbol carried at beam i. Assume the receiver is equipped with Nr receive antennas. The Nr-dimensional whitened received signal vector yu, 
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, of the near- or far-user is given as
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where Hu is the Nr-by-Nt effective channel matrix after whitening, and nu denotes the whitened contribution of the interfering signal plus the thermal noise. The entries of nu are zero-mean independent and identically distributed (i.i.d.) complex Gaussian random variables with variance N0. 

In the following, the discussion is focused on the first spatial beam, although the same procedure can be executed at all of the beams in principle. Moreover, only the two-user MUST scheme is considered in this contribution. The description can be extended straightforwardly to the scenario when there are more users superposed on the beam of interest. At last, if a rank-r spatial multiplexing MIMO transmission is used for a user, the symbols intended for the user appear at r different beams.
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	Figure 1. Three example scenarios of users pairing in the MUST scheme: (a) Scenario 1, (b) Scenario 2, and (c) Scenario 3.


Figure 1 shows three example scenarios of the MUST scheme. In Scenario 1, the eNB performs a one-beam transmission B=1. The modulated symbols intended for the near- and far-users are superposed and precoded by the same precoder. In Scenario 2, two spatial beams B=2 are utilized. The transmissions to the near- and far-users are both single-rank, and another UE is scheduled on the other beam. In Scenario 3, the transmission to the near-user is rank-2 and is rank-1 to each of far-users. One of the near-user’s symbols is superposed with the symbol intended for the green far-user and the superposed signal is precoded by a precoder p1; the other symbol is superposed with the symbol intended for the far-user in purple color and precoded by p2. 
3. Procedure of MUST
The MUST scheme is composed of three phases from the channel state measurement to the data detection. We describe each of the phases separately in the following.
3.1. UE Channel State Measurement and Feedback
Each UE estimates its channel vector from CRS or CSI-RS based on the configured transmission mode (TM). According to the measurement results, the UE feeds the CSI back to the eNB by some or all of CQI, PMI, PTI, and RI depending on how the UE is configured. In the current LTE, CSI feedback of each UE is done under the hypothesis of single user transmission, although multiple users may be co-scheduled in a common time-frequency resource in the actual transmission. 
3.2. BS Scheduling
Multiuser Proportional Fairness. Proportional fair (PF) scheduling is a simple algorithm to meet fairness among users while at the same time exploiting the multiuser diversity gain. When MUST is utilized, we need to consider the multiuser version of the PF. For the multiuser PF scheduling, the scheduled UE set Jopt is obtained by
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where K is the set of candidate UEs to be scheduled, and Rk|J(m) is the data rate of the k-th UE at time instant m when selecting J as the scheduled UE set, and Tk(m) is updated by
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with tc a parameter controlling the latency time-scale of the scheduler. 

Selection of Precoding Matrix, Co-scheduled UEs, and Power Allocation. Based on UE CSI feedbacks, the eNB decides the co-scheduled UEs set, the precoders, and the power splitting factors among paired MUST UEs. Here we use a very simple greedy strategy as an example of the MUST scheduling algorithm. Suppose the scheduler adds one spatial beam at a time, as long as the additional beam increases the scheduling metric such as the multiuser PF. 
Suppose S is a set composed of some precoders in the codebook. Let C(S) denote the multiuser PF metric when precoders in the set S are selected for transmission. The precoder selection algorithm is given as follows. 
Initialize S = emptySet, C(S) = 0.
While |S| ≤ B do
1. 
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The multiuser PF metric C(S) of the set S is given as 
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where C(p) is the multiuser PF metric on the beam corresponding to the precoder p. To compute C(p), UEs whose PMI equal to p are collected in the set K of (2), and the optimal co-scheduled UEs set Jopt is obtained accordingly. If MUST is utilized in the beam corresponding to the precoder p, the determination of Rk|J(m) should take into account the effect of interference cancellation at the near-user receiver. Details about the rates of the co-scheduled MUST users are given in the next section. Meanwhile, an algorithm which decides the power allocation among the users in the set J, i.e., i,j’s in (1), is needed. 
3.3. UE Data Detection
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	Figure 2. Constellation points of a superposed signal


The operation of UE data detection is described separately for the three scenarios depicted in Figure 1.

In Scenario 1, the receiver of the far-user detects the desired symbol sF by using the MMSE-IRC receiver which treats the contribution due to sN as noise. At the receiver of the near-user, interference cancellation is performed: it first detects/decodes the signal of the far-user sF by treating its own signal sN as noise, subtracts the determined far-user signal from the received signal and extracts its own data. The cancellation can be either symbol-level or codeword-level IC. In the former, at each time-frequency resource element, the reduced-complexity maximum likelihood  (R-ML) or successive interference cancellation (SIC) receivers can be used to detect the desired symbol sN. In the latter, the codeword composed of {sF} is decoded, where {sF} represents the collection of modulated symbols transmitted over the set of time-frequency resource elements allocated to the far-user. If successful, the codeword is regenerated, and the contribution of the exact sF at each resource element is subtracted from the received signal. If the channel estimation is perfect, the interference due to the far-user signal is completely eliminated.
As explained above, the main idea of MUST is to communicate two messages simultaneously by superposing them into a single signal in two “layers”. When the SIC is performed on the symbol level, the layers are reflected in the structure of the constellation points of the superposed signal. See Figure 2 for example when two messages are both modulated by QPSK. There are 16 constellation points (black dots). The collection of the center of each cluster (4 white dots) comprises the constellation points for the coarse layer, and the four points in each cluster relative to their center are the constellation points for the fine-layer signal. A “better” receiver of the superposed signal can then recover the messages on both layers, while a “worse” receiver can recover the message on the coarse layer of the signal and ignore the one on the fine layer. The average power of the signal on the coarse layer is generally larger than the power of the fine-layer signal to ensure messages on the two layers are separable. Therefore, we can say the two messages are separated in the power domain. 
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	Figure 3. Boundary of rate pair of the near- and far-users in Scenario 1


Assume the near- and far-users have the same normalized channel vector, and the channel is known to the eNB in determining the precoder, i.e., hN/||hN||= hF/||hF||=p1. When they have SNR ||hF||2P/N0 and ||hN||2P/N0 equal to 0 dB and 20 dB, respectively, the boundary of their Shannon rate pairs for MUST and for the legacy method (TDMA/FDMA) are depicted in Figure 3, where 0 < < 1 is the ratio of the radio resource allocated to the far-user in the legacy method, and P is the transmitted power. Each point on the blue and red curves corresponds to a resource splitting factor  and a power splitting factor F, respectively. We can see MUST has strictly higher rates than the legacy method. It can be shown the performance gap between MUST and the legacy method is more pronounced when the SNR difference between the users increases.

In Scenario 2, the near- and far-users suffer from the interference due to the transmission at the other beam. The operation of receivers in this scenario is the same as in Scenario 1 except that the MMSE-IRC receiver is applied to mitigate the inter-beam interference before processing the signal carried on the beam of interest. Note that, although in the figure only one user is scheduled on the other beam (i.e., MUST is not used in the beam), there is no difference about the number of users on that beam from the perspective of the near- and far-users. This is because the near- and far-users simply use MMSE-IRC receivers to suppress the inter-beam interference, and only the power allocated on the interfering beam matters.  
In Scenario 3, the far-user receiver executes same procedure as in Scenario 2, and the near-user performs either the symbol- or codeword-level IC for the interfering signals intended for the far-user on the two beams before processing its own signal.
4. Conclusion
In this contribution, the MUST scheme to be studied in the SI was described. System model formulation for MUST was given. The procedure of MUST implementation, including UE channel state measurement and feedback, eNB scheduling, and UE data detection/decoding, was also devised. 
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