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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The main objective of the MUST study item [1] is to identify and study possible enhancements of downlink multiuser transmission schemes for the superposition of PDSCH and PDSCH within one cell. Specifically, following aspects should be investigated. 
· 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.
Further to this, following four combinations of mixed transmission modes were agreed to be considered in MUST evaluation if time permits [2] and [3]:
· Transmit diversity scheme and large delay CDD scheme
· Transmit diversity scheme and closed-loop spatial multiplexing scheme
· Transmit diversity scheme and up to 8 layer transmission scheme
· Single-antenna port scheme (port 7 or 8) and large delay CDD scheme
In this contribution, we discuss implementation aspects of mixed transmission modes in MUST.
Discussion
During RAN1#82 meeting [2], three categories of MUST schemes were agreed as:
· MUST Category 1: Superposition transmission with adaptive power ratio on component constellations and non-Gray-mapped composite constellation
· MUST Category 2: Superposition transmission with adaptive power ratio on component constellations and Gray-mapped composite constellation
· MUST Category 3: Superposition transmission with label-bit assignment on composite constellation and Gray-mapped composite constellation
As described in [4], this categorization mainly focuses on the scenario of superposition of same transmission mode and same precoder. In the same RAN1 meeting, it was also agreed to study the superposition of mixed transmission modes for four combinations as listed above. Thus, it is worthwhile to analyze the support of mixed transmission modes in each MUST category.

In MUST Category 1, linear combination of two users’ signals can be done between modulation mapper and layer mapper (Alt.1), or between layer mapper and precoder (Alt.2), or between precoder and RE mapper (Alt.3) as this category produces a non-gray mapped composite constellation. When two signals are of the same transmission mode with same precoding, all of these three alternatives can be used for signal construction at the eNB. However, when the two signals are in different transmission modes, only the Alt.3 (between precoder and RE mapper) can be used for the signal construction without additional processing steps. This is illustrated in Figure 1. 

Signal combining between layer mapper and precoder (Alt.2), may require additional pre-processing to one of the signal chains, in order to retain characteristics of component transmission modes in the combined signal. This is illustrated in Figure 2 using an example of closed-loop spatial multiplexing and transmit-diversity superposition. In this example, transmit diversity signal is precoded/preprocessed before signal combining and the combined signal is precoded using spatial multiplexing precoder. The precoding/preprocessing of transmit diversity signal before combining reverses the effect of the spatial multiplexing precoder that operates after signal combining.

[image: ]
Figure 1: Signal construction for mixed transmission modes: Signal combining between precoder and RE mapper

[image: ]
Figure 2: Signal construction for mixed transmission modes: Signal combining between layer mapper and precoder
Similar to the Alt.2, signal combining between modulation mapper and layer mapper (Alt.1) may also require additional processing for at least one of the signal chains before signal combining.  

In contrast to MUST Category 1, MUST Category 2 and MUST Category 3 produces Gray-mapped composite constellations. In order to achieve Gray mapping, modulation and signal combining should be done jointly or signal combining should be done before modulation. In this case, it is not possible to achieve two different signal characteristics to the composite signal to achieve mixed transmission modes. Therefore, mixed transmission modes cannot be supported by MUST Category 2 and MUST Category 3.

Accordingly, mixed transmission modes can be studied only under MUST Category 1. 

Observation: Mixed transmission modes can be supported only by MUST Category 1 while it cannot be supported by MUST Category 2 and MUST Category 3. 

Conclusion
In this contribution, we analysed the support of mixed transmission modes in three MUST categories and following was observed.

Observation: Mixed transmission modes can be supported only by MUST Category 1 while it cannot be supported by MUST Category 2 and MUST Category 3. 

Accordingly, we think mixed transmission modes should be studied only under MUST Category 1. 
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