
3GPP TSG RAN WG1 Meeting # 92	                                                                                  R1-1801753
Athens, Greece, February 26th – March 2nd, 2018

[bookmark: OLE_LINK54][bookmark: OLE_LINK55]Source:	CATT
Title:	NOMA transmitter side signal processing
[bookmark: Source][bookmark: DocumentFor]Agenda Item:	7.4.1
Document for:	Discussion and Decision

Introduction
A Rel-15 study item on NOMA for 5G NR was approved in March 2017 [1] based on an initial study in the Rel-14 NR SI. Though the SI was put on hold until February 2018 in order to allow more time for NR Rel-15 normative work, offline discussion with e-mails and workshops have been made to push forward the progress of the SI. A total of 15 NOMA schemes were proposed up through the RAN1#86 meeting, wherein all these schemes for UL transmission can be summarized as using MA signature(s) at the transmitter side including at least one of the following:
· Codebook/Codeword
· Sequence
· Interleaver and/or mapping pattern
· Demodulation reference signal
· Preamble
· Spatial-dimension
· Power-dimension
· Others are not precluded
As an outcome of the Rel-14 SI, a high level basic diagram for all proposed NOMA schemes was agreed as follows.
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Figure 1: UL NOMA scheme basic diagram
In this contribution, we share our views on the framework of NOMA transmitter side signal processing and then introduce the PDMA scheme.

NOMA Transmitter Side Signal Processing
Figure 2 shows the suggested NOMA Tx/Rx design diagram [2] with some options to each component at the transmitter side.
The data is first encoded by forward error correction (FEC) channel encoder, and then operated by bit-level interleaver/scrambler, and then operated by Modulation Symbol Sequence Generator, and Symbols to RE Mapping and finally modulated by FFT. For all NOMA schemes, FEC and OFDM operation are the same. As depicted in Figure 2, the differences among various MA schemes lie in the different realization of three component blocks:1) bit-level interleaver/scrambler; 2) modulated symbol sequence generator; 3) symbol to RE mapping. A NOMA scheme may configure all or a subset of the component blocks.We propose to describe a specific NOMA scheme by using unified framework, as it can provide a common platform for easier understanding of each NOMA scheme and its benefits, which will accelerate the progress in the NOMA SI.
Proposal 1: NOMA schemes in Rel-15 SI should be studied under a unified framework.


[bookmark: _GoBack]Figure 2: Illustration of Configurable components under the unified framework at transmitter side.

PDMA Scheme
Pattern Division Multiple Access (PDMA) is proposed as a novel NOMA scheme [3]. Joint optimization of transmitting and receiving is considered. PDMA pattern are designed to offer different transmission diversity orders. In addition, PDMA pattern is sparse which can facilitate advanced detection algorithm such as BP. Iterations between BP and channel decoding could further improvesystem performance.
Here we introduce PDMA scheme including basic transmitting scheme, grant-free scheme, and also PDMA pattern design for uplink grant-free transmission.
3.1 Basic Transmitting Scheme
Taking uplink as an example, Figure 3 shows the transmitting process of the PDMA based system. There is no bit-level interleaver/scrambler which is used to differentiate NOMA users. For modulated symbol sequence generator, conventional modulation based on constellation mapping and spreading with sparse PDMA pattern is used. Design of PDMA pattern will be further described in section 3.2.
For symbol to RE mapping, the mapping rule based on maximizing frequency diversity can be used.


Figure 3: Illustration of the transmitting schemes of the PDMA uplink system

Observation 1: PDMA is a symbol-level spreading scheme with sparse PDMA pattern with different diversity orders.
3.2 PDMA Pattern Design
PDMA designs a transmission pattern for a specific user using time, frequency and space resources [4]. The PDMA pattern defines the rule of mapping data sparsely to the radio resources, and can be defined by a binary vector. Each binary vector represents the PDMA pattern of one UE. The dimension of the vector is equal to the number of resources in a group. A binary “1” means that data shall be mapped to the corresponding resource. Actually, the number of “1s” in the PDMA pattern is defined as its transmission diversity order. Those patterns with UEs sharing the same set of resources are arranged together to constitute the PDMA pattern matrix. Properties of PDMA pattern matrix such as dimension and level of sparsity contribute to both receiver complexity and system performance.

Figure 5 shows an example of resource mapping according to PDMA pattern. Six users are multiplexed on four resource elements (REs). A PDMA pattern is assigned to a user. User1’s data are mapped to all four REs in the group, and user2’s data are mapped to the first three REs, etc. The order of transmission diversity of the six users is 4, 3, 2, 2, 1, and 1 respectively. The PDMA pattern matrix is designed to efficiently multiplex users while achieving a good trade-off between overload factor, diversity order and detection complexity.



Figure 5: PDMA pattern for 6 users on 4 REs.
Observation 2: The design of PDMA pattern matrix shall reach good trade-off among overload factor, diversity order and detection complexity.
Conclusion 
In this contribution, we shared our considerations on NOMA transmitter side signal processing and also introduced the PDMA scheme with following proposal and observations.
Proposal 1: NOMA schemesin Rel-15 SI should be studiedunder unified framework.
Observation 1: PDMA is a symbol-level spreading scheme with sparse PDMA pattern with different diversity orders.
Observation 2: The design of PDMA pattern matrix shall reach good trade-off amongoverload factor, diversity order and detection complexity.
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