3GPP TSG RAN WG1 Meeting #95	R1-1813546
Spokane, USA, November 12th – 16th, 2018

Agenda Item:	7.2.1.5
Source:	Huawei, HiSilicon
Title:	Text proposal on SCMA
Document for:	Discussion and decision

1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#93, it was agreed that
· Detailed transmission schemes particularly MA signature design per scheme will be captured in TR. Performance and complexity comparisons and observation/conclusion should at least be made scheme-wise. 
Further in RAN1#94bis, Text Proposal (TP) for capturing the candidate MA signature design for all proposed NOMA schemes is agreed in R1-1811976.
In the TR, each NOMA scheme should be captured as a whole scheme in light of the above agreement. In this contribution, we provide the TP for Sparse Code Multiple Access (SCMA). 
2 [bookmark: _Toc490580573][bookmark: _Toc490731320]TP for SCMA Transmitter Side Design
The detailed description for SCMA has been provided through email discussion [94-NR-02]. The TP for SCMA transmitter side design is given as below.
 ========================= Start of Text Proposal =========================
1. [bookmark: _Toc525922238]Uplink NOMA transmission side processing
NOMA transmission side processing is characterized by multiple access (MA) signature and auxiliary features. MA signature is typically used to differentiate users. In this section, MA signatures are described more from the perspective of traffic data.
0.1 Candidate MA signatures 
<Unchanged part omitted>
5.2.2 UE/branch-specific power assignment
For schemes such as GWBE sequences [30] and multi-branch transmission [20][31],power assignment is taken into account in the design of UE/branch-specific MA signatures.
The UE/branch-specific power can be assigned or selected for each user/layer independently from the MA signatures described above. The algorithms of sequence grouping can be found in Annex A.4-12.
[bookmark: _GoBack]5.3	Detailed descriptions for candidate NOMA schemes
5.3.1	SCMA (Sparse Code Multiple Access) 
5.3.1.1	General description 
An SCMA transmitter follows the bit level processing in NR Rel-15, i.e., UE specific bit scrambling, and employs two mapping functions in the symbol level processing to jointly construct an MA signature: i) bits-to-symbols mapping and ii) sparse mapping. 
The bits-to-symbols mapping first maps M bits into m symbols (denoted as x), which can be represented by a  table in which each column represents the symbol sequence in term of an index of the input bit stream. The bits-to-symbols mappings with different input bit lengths can be found in Annex A.4.9. The symbols x is further multiplied by a UE specific transform matrix G of size m-by-m, to obtain y=Gx. The transform matrix G is given in section 5.3.1.2.
The sparse mapping module maps the symbols y onto m elements in a block of N elements, wherein the rest (N – m) elements are of value 0. The corresponding sparsity pattern is described in section 5.3.1.2, as part of MA signature. It is noted that for single branch operation, the sparse mapping is performed after the DFT operation (i.e. transform precoding), as shown in Figure 5.3.1-1; for multi-branch operation, the sparse mapping is performed before the DFT operation, as shown in Figure 5.3.1-2. 
An SCMA transmitter supports both single-branch and multi-branch transmission with both CP-OFDM and DFT-s-OFDM waveforms, as illustrated in Figure 5.3.1-1 and Figure 5.3.1-2 respectively. Note the symbols-to-REs mapping given in multi-branch operation after the summation procedure may or may not be sparse, depending on the sparse mapping used in each branch. 

[image: ]

Figure 5.3.1-1 SCMA with single-branch operation for CP-OFDM and DFT-s-OFDM waveforms.
	
[image: ]
Figure 5.3.1-2 SCMA with multi-branch operation for CP-OFDM and DFT-s-OFDM waveforms.

5.3.1.2	MA signature pool generation
The pool size of the SCMA signatures can be flexibly adapted according to number of UEs in different application scenarios. The guideline for designing such flexible signature pool can be described as follows:
· Using sparsity pattern: When the size of the mapping block is N and the number of non-zero elements is m, there are total of  distinct sparsity patterns. An example is shown below for  and , which gives 6 sparsity patterns as follows

Another example is given below for the case of  and , which gives total of 15 sparsity patterns as follows:

· Using transform matrix: Transform matrix can be introduced to enlarge the signature pool. When , 2-by-2 transform matrices from the following set can be used:
.
The way to construct SCMA signature pool with different sizes are listed in Table 5.3.1-1 and Table 5.3.1-2. Depending on the required number of signatures, the MA signature pool for SCMA could be generated using sparsity patterns and transform matrices on top of the bits-to-symbols mapping listed in Annex A.4.9 with different input bit lengths. Assume a signature pool with size 12 is expected. In the case of  and , the 6 sparsity patterns can be combined with the 2 transform matrices of  to generate the desired signature pool. While, in the case of  and , there are already 15 sparsity patterns and the signature pool can be generated by using the first 12 sparsity patterns and transform matrix of .

Table 5.3.1-1 Generation of SCMA signature pool with different pool sizes (size of mapping block ).
	MA signature pool size
	The way of generation

	6
	6 sparsity patterns and 1 transform matrix

	12
	6 sparsity patterns and 2 transform matrices

	24
	6 sparsity patterns and 4 transform matrices

	48
	6 sparsity patterns and 8 transform matrices



Table 5.3.1-2 Generation of SCMA signature pool with different pool sizes (size of mapping block).
	MA signature pool size
	The way of generation

	15
	15 sparsity patterns and 1 transform matrix

	30
	15 sparsity patterns and 2 transform matrices

	60
	15 sparsity patterns and 4 transform matrices

	120
	15 sparsity patterns and 8 transform matrices



In particular, the signature index  in the pool, , where  denotes the signature pool size, can be derived by the sparsity pattern index  and  the transform matrix index   where  denotes the total number of sparsity patterns.
5.3.1.3	MA signature assignment
Assume the size of signature pool is  with the signature index , for single-branch transmission,
· In the case of grant-based transmission or configured grant with periodic traffics, the MA signatures of active UEs are fixed and known to the network. When the number of active UEs is , the -th UE is assigned with the -th signature, where  and . 
· In the case of configured grant with sporadic (e.g., Poisson arrival) traffics, the MA signature is pre-assigned for each UE but the set of active UEs is unknown. Assuming there are total  potential UEs, the -th UE is pre-assigned with the -th signature, where  and . 
For multi-branch transmission, non-overlapping (i.e., orthogonal) sparsity patterns can be used to ensure the orthogonality between the branches. For example, in the case of  and , the sparsity patterns of  and  can be assigned to one UE so that the two braches are orthogonal. When the number of braches for each UE is , the -th UE is assigned with  signatures and the indices of the signatures are given by

Note that in reality some UEs may perform multiple-branch transmission while others apply single-branch transmission, depending on network configurations. 
When the number of branches exceeds the total number of available orthogonal patterns, different power levels between branches can be applied, as described in section 2.4, by adjusting the values of  in Figure 5.3.1-2. 
In the case of DFT-s-OFDM waveform, different MA signatures can have different CMs/PAPRs [19]. The signature pool can be the same as that for CP-OFDM and the signatures with good CM/PAPR performance can be assigned to the power-limited UEs. In addition, multiplexing of UEs with CP-OFDM and DFT-s-OFDM waveforms is supported.

5.3.1.4	Parameter adaptation and configuration
There are certain parameters in the transmitter side that can be adapted, including:
· MCS: modulation size and FEC code rate
· N: Size of the mapping block
· L: Number of branches
In the case of grant-based transmission or configured grant with periodic traffics, the above parameters can be optimized for each combination of TBS, number of multiplexed UEs, and number of received antennas. 
In the case of configured grant with sporadic traffics, the number of multiplexed UEs is random per packet arrival at each slot regardless of the MA selection option, and therefore, the parameters cannot be adapted to the actual number of multiplexed UEs. In the link-level simulations, the performance of multiple configurations of these parameters can be evaluated. However, in the system-level simulations, only one configuration of these parameters is applied to optimize the system performance (depending on the traffic load and the defined KPIs), which should be further notified later on for cross-check.

5.1.3.5	DMRS based UE detection  
DMRS based UE detection is applied for the case of configured grant transmission with sporadic traffic. To distinguish the UEs, it is preferred to have the number of DMRS ports larger than or equal to the number of potential UEs so as to avoid DMRS collision. When there are  potential UEs and  DMRS ports, the -th UE is assigned with the -th DMRS port, where  and .
For DMRS pool generation, Rel-15 NR DMRS should be considered as baseline and starting point. However, to improve the UE detection performance in the cases that the number of potential UEs is larger than the number of Rel-15 NR orthogonal DMRS ports, some additional techniques can be considered. These additional techniques include using comb-based RE mapping, orthogonal cover codes (OCCs), and cyclic shifts (CSs). Some examples of how to generate DMRS pool with different sizes are given in Table 5.3.1-3 and Table 5.3.1-4 for CP-OFDM and DFT-s-OFDM, respectively. Also additional DMRS overhead can also be considered, if needed.

Table 5.3.1-3 Generation of DMRS pool with different pool size (CP-OFDM waveform).
	DMRS pool size
	Ways of generation

	12
	NR DMRS in Rel-15 with PN sequences

	24
	Comb-based RE mapping or more CSs/OCCs 

	48 and higher
	Comb-based RE mapping, more CSs/OCCs or scrambling IDs 



Table 5.3.1-4 Generation of DMRS pool with different pool size (DFT-s-OFDM waveform).
	DMRS pool size
	Ways of generation

	8
	NR DMRS in Rel-15 with ZC sequences

	16
	Comb-based RE mapping, more CSs/OCCs 

	24 and higher
	Comb-based RE mapping, more CSs/OCCs or base sequences 



<Unchanged part omitted>
========================= End of Text Proposal =========================
3 Conclusions
In this contribution, we provide TP for the detailed transmitter design for SCMA and have the following proposal:
Proposal: Capture the Text Proposal in section 2 for SCMA transmit design into the TR 38.812.
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