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1. Introduction

At the RAN#66 meeting, a new study item regarding downlink multiuser superposition transmission was approved, and subsequently updated in [1] at the RAN67 meeting. In the study item description (SID) [1], the following items are included in the objectives.

· Identify and study possible enhancements of downlink multiuser transmission schemes within one cell.
· Investigate 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.
There was a discussion paper [2] that proposed one downlink multiuser superposition transmission scheme, i.e., non-orthogonal multiple access (NOMA). In this document, we describe the definition of NOMA as the downlink multiuser superposition transmission scheme in order to clarify the assumption for the system and link-level evaluations. In our companion document [3], we present target deployment scenarios that fit into the downlink multiuser superposition transmission. We also provide evaluation assumptions and preliminary evaluation results in [4].

2. Definition of NOMA
As discussed in [3], the macro deployment scenarios should be considered as the baseline scenarios for this study. In the macro deployment scenarios, the corresponding eNodeB is deployed using multiple lower frequency bands, e.g., 2 GHz, and 2 transmitter antennas (and 2 receiver antennas on the UE side) are typically considered. It would be difficult to add more transmitter antennas to the exiting eNodeB due to the limited space for the additional apparatus. For this reason, 2-by-2 antenna configurations could be considered in the baseline scenarios. In this case, applying a spatial separation between different UEs, i.e., MU-MIMO operation, is not reliable and SU-MIMO supporting up to two layers would be more feasible. Thus, in order to enhance MU transmission schemes for the macro deployment scenario, a superposition coding scheme such as NOMA is very promising. Figure 1 shows the NOMA concept. 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. Such interference cancellation is considered as an extension of Rel-12 network-assisted interference cancellation and suppression (NAICS). However, unlike Rel-12 NAICS which handles inter-cell interference, no NW coordination among different eNodeBs is required to cope with intra-cell interference in NOMA. For this reason, application of advanced interference cancellation at the UE terminal is expected to be less challenging to support NOMA compared to Rel-12 NAICS. Below, we describe the NOMA scheme that could be used as the baseline scheme for this study. 
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Figure 1 – NOMA concept when applying codeword interference cancellation to cell-center UEs.

2.1
Transmission scheme for NOMA
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 [4]. A transmission scheme, for example, a single AP, 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) 1-10. 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 blocks 
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where p and i represent the AP index and symbol index, respectively. 
[image: image4.wmf])

(

i

P

u

 is the transmit power of the u-th UE with a constraint of 
[image: image5.wmf]1

)

(

1

0

=

å

-

=

U

u

u

i

P

. 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. For the given time and frequency resource, the same transmission power would be allocated to different APs of the same UE. 
In NOMA, the existing TMs can be directly applied, and thus SU-MIMO and MU-MIMO can be utilized together with NOMA in principle (However, as we discussed, MU-MIMO operation does not need to be considered in this study). For example, considering the 2-by-2 antenna configuration, 2 UEs adopting rank 2 transmissions can be multiplexed through the above NOMA operation [5]. 
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.

Proposal 1: SU-MIMO should be considered as the baseline operation for NOMA.
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 [4]. 
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, 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.
Proposal 2: Network assistant information supported in relation to Rel-12 NAICS should be assumed to be available for the UEs in NOMA. The necessity of further dynamic indication to the UEs should be identified through study.

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 impact 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.
Proposal 3: Both CWIC and R-ML should be considered as the baseline receiver for performance evaluation. Whether or not to consider other receiver types is FFS.

2.3
Preliminary link-level performance evaluation of CWIC

In order to investigate the impact of advanced interference cancellation on the link-level performance, we conducted a link-level simulation when CWIC is employed. Figure 2 shows the required received SNR for achieving the block error rate (BLER) of 10% for the cell-center UE as a function of the transmission power ratio for the cell-center UE. For comparison, the performance for perfect interference cancellation (Ideal IC) is also shown. Regarding the precoder assumption, we directly apply the existing codebook and consider the following cases 
· Same precoder case
· Rank 1 codebook index 0 for both UEs

· Rank 2 codebook index 0 for both UEs

· Different precoder case

· Rank 1 codebook index 0 for cell-center UE and rank 1 codebook index 2 for cell-edge UE

· Rank 2 codebook index 1 for cell-center UE and rank 1 codebook index 2 for cell-edge UE

· Rank 2 codebook index 1 for cell-center UE and rank 2 codebook index 2 for cell-edge UE

We assume a 2-by-2 antenna configuration and transmission mode 4 for both cell-center and cell-edge UEs. The 6-path exponential power delay profile with a decaying factor of 2 dB is assumed as a fading channel. We assume 16QAM modulation and the coding rate of 0.49 for the cell-center UE and QPSK modulation and the coding rate of 0.49 for the cell-edge UE.
When the transmission power ratio for the cell-center UE is 0.15 to 0.35, we do not observe a performance loss compared to the ideal IC. Generally, it is possible for the cell-center UE to decode the cell-edge UE data employing a lower MCS, and thus interference cancellation would work perfectly. However, when a lower transmission power, e.g., 0.05 is allocated to the cell-center UE and a higher transmission power, i.e., 0.95, is allocated to the cell-edge UE, performance degradation is observed. The reason for this is that multi-user interference from the cell-edge UE is very high and even small errors in the interference replica of the cell edge UE degrade the performance of the interference cancellation. On the other hand, when the transmission power for the cell-center UE approaches that for the cell-edge UE, e.g., 0.4 for the cell-center UE and 0.6 for the cell-edge UE, the performance of CWIC is also degraded due to a less accurate interference replica of the cell edge UEs. However, we note that these two cases are considered as the extreme cases and are not likely to happen in the system-level NOMA operation. Therefore, as long as the transmission power is properly selected, we may be able to assume perfect IC cancellation when CWIC is used. Further studies are necessary for the other receiver types.
Observation 4: With proper transmission power allocation, there is no difference in link-level performance between CWIC and the ideal IC.

[image: image6]
Figure 2 – Required SNR for achieving BLER = 10% for cell center-UE.

3. Conclusion
In this contribution, we presented the definition of downlink multiuser superposition transmission, i.e., NOMA, and propose to use the NOMA scheme described in this document as the baseline transmission scheme for evaluation. Furthermore, we made the following observations and proposals to facilitate both link-level and system-level evaluations.
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.
Observation 4: With proper transmission power allocation, there is no difference in link-level performance between CWIC and the ideal IC.
Proposal 1: SU-MIMO should be considered as the baseline operation for NOMA.
Proposal 2: Network assistant information supported in relation to Rel-12 NAICS should be assumed to be available for the UEs in NOMA. The necessity of further dynamic indication to the UEs should be identified through study.

Proposal 3: Both CWIC and R-ML should be considered as the baseline receiver for performance evaluation. Whether or not to consider other receiver types is FFS.
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