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1. Introduction

At the last RAN1 #81 meeting, the following conclusions and observations were made:
Conclusion:

· Companies are encouraged to provide their own superposition coding transmission schemes (including receiver and high-level description of signaling schemes) to be captured in TR until RAN1#82 meeting
· Companies are recommended to evaluate performance of multiuser superposition schemes with and without Gray mapping until RAN1 #82 meeting

Observation:
· Following schemes are proposed in this meeting

· Multiuser superposition schemes without Gray mapping (in R1-153333, R1-152652)

· Multiuser superposition schemes with Gray mapping (in R1-153333, R1-152974, R1-152762, R1-152493, R1-152806, R1-152493, R1-153058)

· Other scheme is not precluded in future RAN1 meeting

In this document, we provide the detailed descriptions for the transmission and reception scheme for NOMA and provide the text proposal to be captured in the TR. Our link-level and system-level evaluation results for the corresponding schemes are also provided in [1], [2].
2. Definition of NOMA
In NOMA, data for different UEs are superposed with different transmission power settings using the same time and frequency resources on each antenna port. More specifically, a lower transmission power is allocated to a UE experiencing lower path loss, i.e., the cell-center UE while a higher transmission power is allocated to a UE experiencing higher path loss, i.e., the cell-edge UE. Allocating different transmission power levels to different UEs enables the (cell-center) UEs to apply interference cancellation. We describe the specific transmission and reception scheme in section 2.1 and 2.2, respectively.

2.1
Transmission scheme for NOMA
2.1.1
General Description
On the eNodeB transmitter side, a series of turbo encoding and data modulation is performed in the same way as the legacy LTE operation according to the MCS level. Here, CQI for determining the MCS is re-calculated using the existing CQIs reported from multiple UEs such that NOMA operation is taken into account. The details on CQI recalculation are described in [1]. A transmission scheme, for example, transmit diversity, large delay CDD, and closed-loop spatial multiplexing (SU-MIMO) is also applied according to the existing transmission modes, i.e., transmission modes (TMs) 2-10. In NOMA, the complex-valued symbol blocks of different UEs are multiplexed using the same time and frequency resources, by allocating different transmission powers to different UEs. Without loss of generality, multiplexing of different UE complex-valued symbol block vector 
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where i represent the symbol index, 
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 is the transmit power of the u-th UE with a constraint of 
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 is the precoder of the u-th UE. Regarding transmission power allocation, a lower transmission power is allocated to a UE experiencing lower path loss, i.e., the cell-center UE while a higher transmission power is allocated to a UE experiencing higher path loss, i.e., the cell-edge UE. 
Observation 1: The existing CQI reportings can be reused to determine the MCS when NOMA is adopted. Enhancement for the CSI should be further studied.

Observation 2: Enhancing a spatial precoder is not required in order to support NOMA with MIMO operation.

2.1.2
NOMA with Gray mapping
Regarding the precoder matrix, the same precoder for the superposed UEs was agreed at the last meeting. When considering the same precoder case, Eq. (1) can be generally re-written by
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where 
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 is defined as a weighted average of the symbol block vector of each superposed UE by the allocated transmission power, i.e., 
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. In this case, the joint modulation between the superposed UEs as shown in Fig. 1 benefits the reception performance of cell-center UE [3]. Without a joint modulation, weighted averaged vector 
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 has a signal constellation as shown in Fig. 2 (a) when U = 2 and QPSK for all superposed UEs are assumed. In NOMA, cell-center UE should cancel the signal for cell-edge UE from the received signal in order to detect a signal for itself correctly. On the other hand, with joint modulation, coded bits for both the superposed UEs are jointly mapped onto the signal constellation based on Gray mapping as shown in Fig. 2 (b). Joint modulation would be beneficial particularly if the receiver of the cell-center UE attempts to detect/decode all the coded bits jointly, e.g., R-ML receiver. 
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Figure 1 – Joint modulation scheme between superposed UEs
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(a) NOMA                                        (b) NOMA with Gray mapping

Figure 2 – Signal constellation for NOMA and NOMA with Gray mapping

2.2
Reception scheme for NOMA
Advanced receiver technologies may not necessarily be applied to the cell-edge UE since the received signal power for this UE is higher than that for the cell center UE, i.e., interfering UE. In this case, data for the cell-center UE can be regarded as noise. Assuming that data for a cell-center UE are not cancelled by the cell-edge UE, the eNodeB would appropriately select the MCS level and transmission power sets for the UEs. Details regarding the MCS selection and transmission power settings are also described in [1]. 
On the other hand, for the cell-center UEs, application of advanced interference cancellation is required since the data signal for the cell-edge UE significantly interferes with that for the cell-center UE on the same time and frequency resources. When codeword-level interference cancellation (CWIC) is assumed for explanation purpose, the received data for the cell-edge UE are first detected using an MMSE or IRC receiver. The Log-likelihood ratios (LLR) corresponding to those detected symbols are calculated. A sequence of LLRs is input to a turbo decoder and a sequence of posteriori-LLRs is generated. After interleaving a sequence of posteriori-LLRs, the LLRs are used to calculate a symbol replica associated with the cell-edge UEs. The symbol replica for the cell-edge UE is subtracted from the received data. After the cancellation of data for the cell-edge UE, data for the cell-center UE are detected and decoded. In the above receiver procedure, the cell center UE would need to obtain the transmission parameters for the cell-edge UEs, e.g., MCS and transmission power sets. Even for the cell-edge UE, information on the allocated transmission power sets may be necessary in order to apply the MMSE receiver and QAM demodulation. Such parameters can be deduced by blind detection or indicated by NW signaling. Although we could reuse higher-layer parameters for the Rel-12 NAICS, further enhancements for the signaling or blind detection may be required since dynamic indication of the parameters including transmission power sets is considered in NOMA. 

Observation 3: Transmission power information would be needed for the UEs in NOMA.
With regard to the candidate receivers, we could reuse the Rel-12 NAICS receivers such as CWIC and maximum likelihood detection (MLD) which have been intensively studied in Rel-12. A reduced ML (R-ML) is considered as the baseline receiver for the Rel-12 NAICS while both receivers are considered to suppress inter-stream interference in SU-MIMO. Therefore, it would be reasonable to reuse CWIC and R-ML as the baseline receivers. In general, CWIC yields better link-level performance than R-ML at the cost of complexity and processing delays. However, when CWIC is applied, there would be some impacts on the system-level performance. For example, resource alignment among the paired UEs would be needed to facilitate the CWIC; however such a scheduling restriction may degrade the system-level performance. Also, some limitations on the UE paring for the HARQ retransmissions need to be considered. On the other hand, when the R-ML is applied, such restrictions to resource allocation and HARQ operation may not be necessary. In the study phase, both receivers should be investigated considering not only the link-level performance of the receivers but also impact of scheduling restrictions on the system-level performance.
2.3
Summary for the candidate multiuser superposition schemes

Based on the above discussion, the overall description of the NOMA schemes are summarized below as multiuser superposition schemes with and without Gray mapping. We propose to capture the following description as the text proposal (TP) in the TR. The corresponding TP is also show in the Annex.

Multiuser superposition schemes without Gray mapping

· For eNodeB transmitter,

· Coding and modulation are performed for each UE.

· Modulation symbols for different UEs are allocated different downlink transmission powers and superposed.

· For the farer UE receiver [4]

· Linear minimum mean square error – interference rejection combining (LMMSE-IRC) is applied to suppress inter-cell interference for rank 1 transmission.

· Reduced complexity- maximum likelihood (R-ML) is applied to suppress inter-stream interference for rank 2 transmission.

· For nearer UE receiver, two types of receivers to detect useful data are identified

· R-ML:

· Reduced complexity joint detection of useful and interferer modulation symbols in accordance to the ML criterion (e.g. sphere decoding, QR-MLD, MLM, etc.)
· Interference parameters that can enable interferer channel estimation and interferer detection at symbol level (e.g. modulation, allocated transmission power) are needed.
· Codeword interference cancellation (CWIC):

· Receiver utilizing successive application of linear detection (e.g.: MMSE-IRC), decoding, re-encoding, and cancellation

· May have iteration (e.g. Turbo L-CWIC)

· May utilize CRC check (e.g. hard L-CWIC)

· Same interference knowledge as R-ML. Additionally, interferer RNTI knowledge may be needed.

· Additionally, assumptions on scheduler restriction (e.g., resource allocation) may be necessary.
Multiuser superposition schemes with Gray mapping

· For eNodeB transmitter,

· Coding is performed for each UE.

· The coded bit sequences for different UEs are allocated different downlink transmission powers and jointly modulated.

· For the farer UE receiver, the same receiver can be used as multiuser superposition schemes without Gray mapping.

· For nearer UE receiver, the same receiver can be used as multiuser superposition schemes without Gray mapping.

3. Conclusion
In this contribution, we described downlink multiuser superposition transmission, i.e., NOMA. Furthermore, we made the following observations and proposal.
Observation 1: The existing CQI reportings can be reused to determine the MCS when NOMA is adopted. Enhancement for the CSI should be further studied.

Observation 2: Enhancing a spatial precoder is not required in order to support NOMA with MIMO operation.

Observation 3: Transmission power information would be needed for the UEs in NOMA.

Proposal: Text proposals in the Annex should be captured in the TR.
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Annex

5
Multiuser superposition transmission schemes

Editor notes: Describe candidate multiuser superposition transmission schemes, potential specification impacts, UE complexity analysis and link-level performance.
Various candidate multiuser superposition schemes, which can be divided into two categories, are captured in the following subclauses. The following multiuser superposition schemes will have different trade-offs between performance, complexity, scheduling restriction, and network signalling, details of which are yet to be studied. Hereafter, network assistant information supported in relation to Rel-12 NAICS is assumed to be available for the candidate multiuser superposition transmission schemes.
5.1 Multiuser superposition schemes without Gray mapping

· For eNodeB transmitter,

· Coding and modulation are performed for each UE.

· Modulation symbols for different UEs are allocated different downlink transmission powers and superposed.

· For the farer UE receiver [TR36.866]

· Linear minimum mean square error – interference rejection combining (LMMSE-IRC) is applied to suppress inter-cell interference for rank 1 transmission.

· Reduced complexity- maximum likelihood (R-ML) is applied to suppress inter-stream interference for rank 2 transmission.

· For nearer UE receiver, two types of receivers to detect useful data are identified

· R-ML:

· Reduced complexity joint detection of useful and interferer modulation symbols in accordance to the ML criterion (e.g. sphere decoding, QR-MLD, MLM, etc.)
· Interference parameters that can enable interferer channel estimation and interferer detection at symbol level (e.g. modulation, allocated transmission power) are needed.
· Codeword interference cancellation (CWIC):

· Receiver utilizing successive application of linear detection (e.g.: MMSE-IRC), decoding, re-encoding, and cancellation

· May have iteration (e.g. Turbo L-CWIC)

· May utilize CRC check (e.g. hard L-CWIC)

· Same interference knowledge as R-ML. Additionally, interferer RNTI knowledge may be needed.

· Additionally, assumptions on scheduler restriction (e.g., resource allocation) may be necessary.
5.2 Multiuser superposition schemes with Gray mapping

· For eNodeB transmitter,

· Coding is performed for each UE.

· The coded bit sequences for different UEs are allocated different downlink transmission powers and jointly modulated.

· For the farer UE receiver, the same receiver can be used as multiuser superposition schemes without Gray mapping.

· For nearer UE receiver, the same receiver can be used as multiuser superposition schemes without Gray mapping.
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