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1. Introduction
Downlink Multi-User Superposition Transmission (MUST) Study Item was approved in [1] with the purpose to further improve the downlink system capacity. In the “Objective” section, it is stated:
· The study should consider realistic deployment scenarios, traffic model and … 
Apparently, deployment scenarios together with traffic models are one of most important aspects to look at, especially at the beginning of a Study Item, so that the design and technical solutions can have certain guidance. In this contribution, we discuss typical scenarios and traffic models for multi-user superposition transmission (MUST) in the downlink.
2. Deployment scenarios
In the context of MUST, there would be at least two aspects to be considered regarding the deployment scenarios: cell layout, and antenna configuration. In the following, typical and realistic cell layout and antenna configurations of MUST are to be elaborated.
2.1 Cell layout

Cell layout can be roughly categorized as homogenous networks (HomoNets) and heterogeneous network (HetNets). In HomoNets, the network consists primarily of uniformly-spaced macro base stations whose antenna height, power and gains are roughly the same across macro cells. This leads to regular hexagonal cells of uniform radius. In HetNets, in addition to the macro eNBs, there are a bunch of low power nodes (LPN) whose antenna height, power and gains are significantly smaller than those of macro eNBs. Because of these, the coverage of each LPN is much smaller than a macro cell. These LPN can operate either in the same frequency of marco eNB, or in different frequency of macro eNB. Higher percentage of users is expected to be indoor in HetNets scenario, compared to HomeNets, since small cells or LPNs mainly serve hot-spot users who tend to be stationary or nomadic. 

In HetNets scenario, it would be less likely to see near-and-far effect since the distance between low power node and UE gets shorter. In contrast, long inter-site distance (ranging from 500~1732 meters for macro eNBs) in HomoNets gives more chance to see drastically different pathloss across different UEs. It is well known that downlink multiuser superposition transmission (MUST) would provide significant performance benefit against OFDMA only when multiplexed UEs experience very different pathloss. In this sense, homogeneous macro deployment would be the suitable scenario for MUST.
Observation 1: There is more chance to see different pathloss in homogenous macro eNB scenario than in small cell scenario.

It is clearly mentioned in [1] that the study would focus on multiuser transmission scheme within one cell. 
· Identify and study possible enhancements of downlink multiuser transmission schemes within one cell.
Here the cell may be referred to macro cell or small cell. Given the large cell size of a macro cell, the number of active users served by a macro eNB tends to be large, e.g., 20~30. This is a favorable condition for MUSA, since macro eNB scheduler has more opportunity in finding suitable UE pairs for superimposed transmission, and therefore can fully unleash the performance potential of MUST. 
On the other hand, in small cell scenario, the average number of active users per low power node would be quite small. The reason is that the total number of active users per macro cell area would not be very different from that of macro eNB only scenario. Yet, there are multiple low power nodes, e.g., 4~10, per macro cell area. Such “sparse” distribution of UEs from low power node’s perspective in fact prompts the standardization of “cell on-off” feature in Rel-12 where it is possible that a low power node has no suitable UEs to serve and can be turned off to reduce common channel interference to neighboring cells, and to save the transmit power of the nodes. Obviously, it would be difficult to find suitable UE pairs in small cell scenario for MUST. 
Observation 2: The number of active users per homogeneous macro cell is higher than that in small cell scenario.
The interference situation in macro eNB only scenario is simpler, since the inter-site distance is not only uniform, but also large. In such setting, multi-cell operation is less needed in general. The cell throughput gain, in particular the average throughput gain comes mainly from schemes for single cell operation. In the case of small cell deployment, inter-cell interference becomes much more complicated. Throughput gain would often rely on coordination between neighboring cells, such as almost blank subframe defined in eICIC, rather than the optimization for single cell. As single cell operation is prioritized in MUST according to [1], it is preferable to study MUST in homogeneous macro cell scenario.
Observation 3: Interference situation in macro eNB only scenario is simpler than in small cell scenario. Macro cell throughput is less dependent on multi-cell coordination.
Considering the above three observations, it seems that homogeneous network scenario with macro eNB only is more suitable for downlink multiuser superposition transmission (MUST). Therefore, we propose:
Proposal 1: Homogenous macro eNB scenario should take high priority for MUST study.
2.2 Base station antenna

Antenna technology has long been considered as a key enabler in improving system capacity. The trend since LTE Rel-8 is that the number of transmit antennas at base station keeps growing, and new transmission modes are constantly being introduced, which is primarily due to the advancement in antenna technology. The description in [1] makes it explicit that there would be no specification effort in multi-antenna technology. 
· The study will not consider enhancements to spatial precoder for the downlink.
Nevertheless, multi-antenna aspect may not be completely eliminated from the study on MUST. There are at least two reasons. 

First, very few macro cell would deploy single transmit antenna. The number of Tx antennas is at least two, simply due to the significant gain from transmit diversity which is crucial especially for control channels. Sometimes, 4Tx or 8Tx antennas are deployed to boost the downlink system throughput. 
Second, multiuser transmission can also be realized via spatial precoding or beam separation when eNB has multiple transmit antennas. This would bring performance benefit in terms of system throughput. However, the pool of active users is not boundless, meaning that when MUST and spatial MU are working together, they have to compete for limited users in order to find suitable pairs. The difficulty is that the strategy for UE pairing of MUST is different from the pairing strategy for spatial MU, which may lead to quite different sets of UE pairs with few overlapping between MUST and spatial MU. 
Observation 4: Spatial multiuser transmission would co-exist with MUST when eNB has multiple transmit antennas.
At the system level, the throughput performance is very sensitive to the scheduler implementation. On the one hand, any restriction on implementing MUST only, without spatial MU, would be too artificial, since the downlink throughput would be unfairly reduced, compared to the case without such scheduling restriction. On the other hand, over-optimization of scheduling implementation for joint spatial MU and MUST is usually out of the scope of standards research, which can hardly be verified across companies. In light of these, two diversity antennas may provide a good trade off. It does reflect typical deployment, and the chance of having spatial MU is small. Therefore, we propose:
Proposal 2: Two transmit diversity antenna should be the prioritized deployment scenario for MUST.
3. Traffic models
The motivation of MUST is to improve downlink system throughput. Hence, the typical traffic would be of big volume. The simplest traffic model is the full buffer, which reflects the fully loaded situation. From the aspect of UE pool, full buffer results in the maximum effective number of active UEs per cell, thus would bring performance benefit. 
More realistic traffic model is FTP where the parameter of arrival rate can be adjusted to get various loading of the system. While certain busty characteristic in FTP can more accurately reflect the real condition of the network, it is preferable to study MUST in relatively high loading scenario.
Proposal 3: Full buffer traffic or FTP traffic with high loading should be prioritized in MUST study.
4. Conclusions

Deployment scenarios and traffic models were discussed in this contribution, with the following observations and proposals. 
Observation 1: There is more chance to see different pathloss in homogenous macro eNB scenario than in small cell scenario.
Observation 2: The number of active users per homogeneous macro cell is higher than that in small cell scenario.
Observation 3: Interference situation in macro eNB only scenario is simpler than in small cell scenario. Macro cell throughput is less dependent on multi-cell coordination.
Observation 4: Spatial multiuser transmission would co-exist with MUST when eNB has multiple transmit antennas.
Proposal 1: Homogenous macro eNB scenario should take high priority for MUST study.

Proposal 2: Two transmit diversity antenna should be the prioritized deployment scenario for MUST.

Proposal 3: Full buffer traffic or FTP traffic with high loading should be prioritized in MUST study.
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