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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN#68 meeting, a revised study item on Downlink Multiuser Superposition Transmission for LTE was approved [1]. The main objective of the study item 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.
In this contribution, we discuss different approaches of implementing superposition transmission in LTE downlink for further consideration in RAN1.
Discussion
During RAN1#80bis and RAN1#81 meetings, different superposition schemes have been proposed as follows [1]-[5]:

Non Orthogonal multiple access (NOMA)
· In this scheme, the coded and rate matched bits of each UE are independently mapped to component constellations and the weighted constellations are combined together.
· This mechanism is a form of constellation addition or symbol level superposition, and is also called Amplitude-weighted superposition of coded and modulated signals [3][4]. 
· Combined constellation for this scheme does not follow Gray Mapping anymore. 

Semi-Orthogonal Multiple Access (SOMA)
· This scheme, in contrast to NOMA, applies Gray mapping and performs amplitude weighted superposition of coded and modulated signals.
· This is also a symbol level superposition scheme where one user’s constellation is modified according to other user’s coded bits.
· In this scheme, Near UE can perform decoding based on the combined (joint) constellation without performing SIC decoding.

Rate-Adaptive Constellation Expansion Multiple Access (RA-CEMA)
· This scheme also referred as bit level superposition in which messages intended for different UEs are independently encoded, then multiplexed and mapped onto modulation symbols of a conventional M-QAM constellation.

Both NOMA and SOMA can be considered as symbol-domain superposition and RA-CEMA can be considered as bit-domain superposition. As shown in [5], implementation of bit-domain superposition in LTE downlink should be done in the codeword level by multiplexing Far UE’s first codeword bits and Near UE’s first codeword bits into a single codeword before applying modulation.
We think that, implementation of symbol-domain superposition in LTE downlink can be done in three different ways as:
· Codeword level
· Layer level
· Antenna port level.
In this contribution, we aim to describe these three possible implementations and their characteristics.

Observation 1: Superposition schemes proposed so far can be broadly categorize as bit-domain superposition and symbol-domain superposition.

Observation 2: Implementation of bit-domain superposition in LTE downlink should be done in the codeword level.

Observation 3: Implementation of symbol-domain superposition in LTE downlink can be done in three different ways as:
· Codeword level
· Layer level
· Antenna port level.

Codeword level implementation

Figure 1 illustrates the codeword level implementation of symbol-domain superposition in LTE downlink. Accordingly, each UE’s data is independently coded and modulated, then combined before performing layer mapping.
This implementation requires both UEs to have exactly same layer mapping and precoding. Therefore, it restricts the superposition transmission to same transmission mode with same layer mapping and precoding for both UEs.
From the SIC decoder’s perspective, interference cancellation can be done at the codeword level or layer level or antenna port level.
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[bookmark: _Ref427221911]Figure 1: Codeword level implementation of symbol-domain superposition
Layer level implementation

Figure 2 illustrates the layer level implementation of symbol-domain superposition in LTE downlink. In this implementation, each UE’s data is independently coded, modulated and layer mapped, then combined in layer level before performing precoding. Compared to codeword level implementation, this implementation provides the flexibility of combining users with different layer mapping, however, precoding for both UEs have to be the same (or one UE’s precoder has to be a subset of other UE’s precoder). Thus, layer level implementation restricts the superposition transmission to same transmission mode with same precoding for both UEs.
From the SIC decoder’s perspective, interference cancellation can be done at the layer level or antenna port level.
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[bookmark: _Ref427224440]Figure 2: Layer level implementation of symbol-domain superposition
Antenna port level implementation

Figure 3 illustrates the antenna port level implementation of symbol-domain superposition in LTE downlink. In this implementation, each UE’s data is independently coded, modulated, layer mapped and precoded, then combined in antenna port level before performing RE mapping. Compared to above two implementations, this implementation provides the more flexibility of combining users with different layer mapping and different precoding. Thus, antenna port level implementation could allow both UEs to have different transmission modes and different precoding.
From the SIC decoder’s perspective, interference cancellation can be done only at the antenna port level.
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[bookmark: _Ref427225421]Figure 3: Layer level implementation of symbol-domain superposition

In the current study item, the scope is limited to using the same spatial precoding vector or the same transmit diversity scheme over the same REs. Implementation of this scope in LTE downlink is possible using all three implementations described above since layer mapping and precoding are linear operations and therefore final constellation becomes the same regardless of which level the superposition is done. While most proposals in the past meetings do not specify the level of implementation in the downlink chain, some proposals [5][6] are in-line with the layer level implementation described above.

Meanwhile, the requirement of supporting mixed transmission modes and different precoders for superposition transmission has been elaborated by few companies during previous meetings [7][8][9][10]. According to above discussion, codeword level implementation and layer level implementation cannot support mixed transmission modes or different precoders for two UEs, and additional processing functions or new precoders have to be introduced to the downlink chain to support different precoders.

Observation 4: Implementation of superposition with same spatial precoding vector or same transmit diversity scheme over the same REs is possible using all three implementations. However, codeword level and layer level implementations cannot support superposition with different spatial precoders or different transmission schemes.

We also think, even though the current study item is limited to the same spatial precoding or same transmit diversity, the specification should allow room for future enhancements to support superposition of different transmission modes or different precoders.  Therefore, we recommend RAN1 to study different methods of implementing superposition in downlink chain, as described above, in terms of their flexibility of supporting future enhancements.

Conclusion
Following observations are made is the above discussion.
Observation 1: Superposition schemes proposed so far can be broadly categorize as bit-domain superposition and symbol-domain superposition.

Observation 2: Implementation of bit-domain superposition in LTE downlink should be done in the codeword level.

Observation 3: Implementation of symbol-domain superposition in LTE downlink can be done in three different ways as:
· Codeword level
· Layer level
· Antenna port level.

Observation 4: Implementation of superposition with same spatial precoding vector or same transmit diversity scheme over the same REs is possible using all three implementations. However, codeword level and layer level implementations cannot support superposition with different spatial precoders or different transmission schemes.

Based on them, we recommend RAN1 to study different implementations of symbol-domain superposition in terms of their flexibility of supporting future enhancements.
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