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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 into “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 consider and propose the deployment scenario for system-level evaluation of the multiuser superposition transmission (MUST) technique to be studied in the SI. Parameters related to network deployment such as homogeneous or heterogeneous network, number of eNB transmit antennas, and the degree of coordination among cells are highlighted. The arrangement of the desired signal and intra-cell interference on the spatial beams corresponding to MUST is also discussed. Text proposal for the technical report (TR) reflecting the views presented in the contribution is provided in Appendix.
2. MU Superposition Transmission Scheme
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	Figure 1. MU superposition transmission scheme


To facilitate the discussion of target deployment scenario in the next section, below we briefly describe the MUST scheme. More details of MUST can be found in a companion paper [3]. Figure 1 illustrates the operation of MUST, where the transmitted signal is composed of signals multiplexed over two spatial beams. Two UEs are served in each of the beams. Take the beam for UE 1 and UE 2 as an example. UE 1 and UE 2 are referred as the far-user and the near-user, respectively, based on their distances to the serving eNB. At the transmitter, the modulated symbols intended for UE 1 and UE 2 are summed up and precoded by the same precoding vector. At the receiver of UE 1, the desired signal is extracted from the received signal with the signal intended for UE 2 being treated as noise. UE 2 performs successive interference cancellation (SIC): it first detects/decodes the signal of UE 1 by treating UE 2’s signal as noise, subtracts the determined UE 1 signal from the received signal and extracts its data. 
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	Figure 2. Constellation points of a superposed signal


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 comprises the constellation points for the coarse layer (4 white dots), 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, as depicted in Figure 1, we can say the two messages are separated in the power domain. 
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	Figure 3. Boundary of rate pair of UE 1 and UE 2


We consider a flat fading channel, and it is assumed UE 1 and UE 2 can perfectly cancel the inter-beam interference and have SNR equal to 0 dB and 20 dB, respectively. The boundary of their rate pairs for MUST and the legacy method (TDMA/FDMA for the two users) are depicted in Figure 3, where  is the ratio of the radio resource allocated to UE 1 in the legacy method, P is the transmitted power on the beam, P1 and P2 (P=P1+P2) are the powers allocated for the MUST signals intended for UE 1 and UE 2, respectively, h1 and h2 account for beamforming and channel fading, and N0 is the noise power over the radio resource. Each point on the blue and red curves corresponds to a resource splitting factor 0< and a power splitting factor P1/P, respectively. We can see MUST yields strictly higher rate pair 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.
3. Consideration in Network Deployment Scenario
MUST is a throughput enhancement scheme relying on MU transmission. The throughput gain of MUST should be evaluated in an environment allowing for MU transmission schemes, e.g., more simultaneously active users. When the FTP traffic model instead of a full buffer model is used in system-level simulations, the number of active users in a cell is not a fixed value but depends on several factors such as the packet arrival rate, the file size, the packet digestion rate, and so on. To reflect the true gain of MUST, care should be taken to choose a suitable scenario to conduct the study. For example, if the chosen scenario has a low number of active users most of the time, the MUST transmission scheme is seldom used, and then the simulation results would show limited throughput gain. Such low gain is due to a bad match between the transmission scheme and simulation environments, but not due to the ineffectiveness of the transmission scheme. On the other hand, when the number of active users is small, the radio resource utilization (RU) is generally low. Under such a scenario, there is no need to employ throughput enhancement schemes with a penalty of the system complexity increase. 
It is observed that a pico cell in a heterogeneous network generally has a low user association rate than a macro cell. This observation triggered the discussion of eICIC/FeICIC in Rel-10/11. It is also seen in Rel-12 Small Cells SI/WI that small cells in a heterogeneous network generally have a low RU of roughly 20%, e.g., simulation results in [4]. With such a low RU, the necessity of MU transmission schemes like MUST is quite limited. 
In general, the scheduling of an MU transmission scheme relies not only on the number of active users. As described in Section 2, the benefit of MUST is more obvious when the channel asymmetry between paired users deepens. Therefore, the selection of paired users is important in getting benefits from MUST. The scheduler will need to select a pair of users who have a large SINR difference considering several factors affecting the received signal quality such as the large/small scale fading, the beamforming gain, the inter-cell interference, the inter-beam interference if the spatial multiplexing exits, and so on. The probability of finding a good user pair depends not only on the number of simultaneously active users but also on the distribution of user’s geometry and channel property. Compared with a small cell, a macro cell has in general more attached users, and the user geometry and channel property is more diverse. Based on the discussion above, we have the following proposal.  
Proposal 1: Use homogeneous network scenario as the target deployment scenario for MUST.
The evaluation result of MUST highly depends on the CSI information accuracy at the transmitter side. The reason is at least threefold. First, MUST is a non-orthogonal multiple access (MA) scheme performed on the power domain, which shall be compared with existing orthogonal MA schemes such as SU-MIMO and MU-MIMO. The performance of such spatial multiplexing transmission is highly relevant to the accuracy of the transmitter’s CSI information. Secondly, as explained in Section 2, the gain of MUST is more pronounced when the difference of the received signal quality between the paired users increases. Take the scenario depicted in Figure 1 as an example. The inter-beam interference resulting from the transmissions to UEs 3 and 4 decreases the SINR difference of UEs 1 and 2. One of the main causes of severe inter-beam interference is inaccurate CSI information at the scheduler. Thirdly, the fitness of MUST users pairing relies on the PMI and CQI.   
In Rel-13 full dimension (FD)-MIMO SI [5], downlink MIMO using 3D channel model has been evaluated, and potential standards enhancements required for implementing the FD SU/MU-MIMO transmission schemes with 8 or more transmit antennas is currently being identified. It is expected, owing to the standards enhancement specified in Rel-13 FD-MIMO, SU/MU-MIMO can give good spatial multiplexing gain, and the inter-beam interference can be better handled.
We suggest using 2 and 4 transmit antennas in Rel-13 MUST SI evaluation. The case of more than 4 transmit antennas in MUST is to be considered after standards enhancement in Rel-13 FD-MIMO has been determined.
Proposal 2: Use 2 and 4 transmit antennas in Rel-13 MUST SI evaluation. The case of more transmit antennas can be considered after standards enhancement in Rel-13 FD-MIMO has been determined. 
Inter-cell interference at the UE depends on several aspects such as the level of coordination as characterized by the number of cells that can coordinate, their backhaul assumption that affects how dynamic the coordination is, and the distributed or centralized scheduling behavior assumption. As the gain of MUST depends on the channel asymmetry between paired users, this study should consider the worst-case that users suffer from inter-cell interference without coordination among cells. So we suggest defining the target scenario as deployment without any coordination. 
Proposal 3: No intra/inter-site coordination is assumed in network deployment.
4. Targeted Channel and Intra-cell Interference
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	Figure 4. Scenarios for arrangement of the desired signal and intra-cell interference on spatial beams


LTE supports a variety of transmission schemes such as SU-MIMO, MU-MIMO, transmit diversity, and so on. MUST may be used in conjunction with several transmission schemes depending on the geometry and the scheduling metric of co-scheduled users. Figure 4 depicts representative scenarios for coexistence of MUST and other transmission methods. In Figure 4(a), only one spatial beam is used, and MUST is utilized to serve the near- and far-users. In Figure 4(b), MUST is applied; the near-user is scheduled with a rank-2 transmission due to a high SNR of the received signal, and one or each of the beams has a co-scheduled rank-1 far-user. The far-user suffers from an inter-beam interference. In both Figures 4(a) and 4(b), the MUST scheme is used alone without coexisting schemes. They represent two arrangements of users on the spatial beam(s) when MUST is employed. In Figure 4(c), coexistence of MUST with other transmission schemes is illustrated. A red dashed ellipse includes the beam(s) with MUST which may be a single beam as shown in Figure 4(a) or two-beam as shown in Figure 4(b). The blue dashed ellipse comprises spatial beams utilizing transmission methods other than MUST, e.g., SU-MIMO or MU-MIMO.
5. Conclusion

In this contribution, we considered and proposed the deployment scenario for system-level evaluation of MUST techniques. Parameters related to network deployment such as homogeneous or heterogeneous network, number of eNB transmit antennas, and the degree of coordination among cells were highlighted. The arrangement of the desired signal and intra-cell interference on the spatial beams corresponding to MUST was also discussed. The following three proposals were made in this contribution. 
Proposal 1: Use homogeneous network scenario as the target deployment scenario for MUST.
Proposal 2: Use 2 and 4 transmit antennas in Rel-13 MUST SI evaluation. The case of more transmit antennas can be considered after standards enhancement in Rel-13 FD-MIMO has been determined. 
Proposal 3: No intra/inter-site coordination is assumed in network deployment.
Text proposal for the TR reflecting the views presented in this contribution is provided in Appendix.
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Appendix: Text Proposal for TR
4
Targeted network deployment and intra-cell interference scenarios

4.1 
Network deployment scenarios
The network deployment scenario for evaluation is described below.
· Homogeneous network, macro only, ISD = 500m

· ITU UMa channel model
· 2 and 4 transmit antennas
· No intra-site and inter-site coordination is assumed

4.2 
Intra-cell interference scenarios
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	Figure 4.1. Scenarios for arrangement of the desired signal and intra-cell interference on spatial beams


LTE supports a variety of transmission schemes such as SU-MIMO, MU-MIMO, transmit diversity, and so on. MUST may be used in conjunction with several transmission schemes depending on the geometry and the scheduling metric of co-scheduled users. Figure 4.1 depicts representative scenarios for coexistence of MUST and other transmission methods. In Figure 4.1(a), only one spatial beam is used, and MUST is utilized to serve the near- and far-users. In Figure 4.1(b), MUST is applied; the near-user is scheduled with a rank-2 transmission due to a high SNR of the received signal, and one or each of the beams has a co-scheduled rank-1 far-user. The far-user suffers from an inter-beam interference. In both Figures 4.1(a) and 4.1(b), the MUST scheme is used alone without coexisting schemes. They represent two arrangements of users on the spatial beam(s) when MUST is employed. In Figure 4.1(c), coexistence of MUST with other transmission schemes is illustrated. A red dashed ellipse includes the beam(s) with MUST which may be a single beam as shown in Figure 4.1(a) or two-beam as shown in Figure 4.1(b). The blue dashed ellipse comprises spatial beams utilizing transmission methods other than MUST, e.g., SU-MIMO or MU-MIMO.
