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1. Introduction

At the RAN#66 meeting, a new study item regarding downlink multiuser superposition transmission was agreed [1]. As the first step for this SI in RAN WG1, the objectives were determined as follows.

· 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.

In this contribution, we assume non-orthogonal multiplexing access (NOMA) as an enhanced multiuser superposition coding scheme [2]. In this new concept of NOMA, there are many new aspects that must be taken into account for establishing the evaluation methodologies. Specifically, the transmission power allocation and multi-user scheduling methodologies are discussed since data for different UEs are superposed with different transmission power settings using the same time and frequency resources, but with more transmit layers than antenna ports. System-level performance evaluations, including simulation assumptions, parameters, and initial performance evaluation results are also provided. Deployment scenarios and the definition of the downlink multiuser superposition transmission are respectively discussed in our companion documents [3] and [4].
2. Evaluation Methodologies for enhanced downlink transmission
In this section, we describe the evaluation assumptions and methodologies that should be considered in the context of NOMA.

· Transmission modes for NOMA
Among the specified transmission modes (TMs), TM3 for open loop (OL) single user (SU)-MIMO operation and TM4 for closed-loop (CL) SU-MIMO operation are baseline transmission modes for currently deployed LTE system. For TM3 and TM4, a cell-specific reference signal (CRS) are used while a UE-specific demodulation reference signal (DM-RS) are supported since LTE release 10 and employed by TM9 and TM10. These existing TMs can be directly applied to NOMA operation. However, in this study, we propose focusing on the OL and CL single user (SU) - MIMO schemes with TM3 and TM4 first since it is typically used in current macro network (NW) deployments. TM9/10 can also be considered for the second step of this study if the significant gains from NOMA are expected or special considerations are needed for TM9/10.
Regarding the number of NOMA UEs per resource and transmission layers per UE for NOMA, 2 NOMA users and the maximum number of 2 layers per UE should be the baseline, assuming that the macro deployment scenario with the 2-by-2 antenna configuration is typical configuration.

Proposal 1: TM3 and TM4 with SU-MIMO should be prioritized for the study. TM9 and 10 would be considered if the significant gains from NOMA are expected.

Proposal 2: For the 2-by-2 antenna configuration, 2 UEs for non-orthogonal multiplexing per resource and 2 layers per UE should be considered as the baseline.

· Channel state information (CSI) feedback for TM3 and TM4
To assist the scheduling at the eNB, the UE measures its channel by utilizing RS and provides the channel state information (CSI) to eNB. In this study, the existing CSI feedback information including a rank indicator (RI), precoding matrix indicator (PMI), and channel quality indicator (CQI) could be reused as the baseline assumption. For the OL MIMO, RI and CQI are feedback to eNB, whereas for CL SU-MIMO, RI, PMI, CQI are feedback to eNB. 

Proposal 3: The existing implicit channel state information (CSI) feedback framework, including RI, PMI, and CQI, should be reused as the baseline for the study.

· Scheduling methodology
Once the RI, PMI, and CQI reported from the UEs are available, the eNB conducts resource allocation to its served UEs by using the proportional fair (PF) scheduling algorithm for both orthogonal multiplexing access (OMA) based on OFDMA which is the same as the current LTE operation and multi-user superposition coding, e.g., NOMA, as follows. For simplicity, the multiplexing order of superposition coding is assumed to be two with only one layer per UE.
1. Start from the first subband (i.e., Subband #1 )
2. Select one of the transmission power set from the predetermined multiple transmission power sets for pairing NOMA UEs where the predetermined transmission power sets (α1, α2) are, for example, (0.05, 0.95), (0.1, 0.9), …, with a constraint of the total transmission power of 1 (α1+α2 =1.). Note that full transmission power is assumed for the OMA case.

3. For the selected transmission power set (α1, α2), select one of the pair of users as (UE1, UE2) from the serving cell. Single user is selected for the OMA. 
4. Calculate the scheduling SINRs for NOMA using the reported CQI assuming OMA and the power set of (α1, α2). Computation of scheduling SINR for NOMA UEs is based on an approximation of the received SINR after power-domain multiplexing as follows. 
· Scheduling SINR of NOMA for UE1 with SIC: α1×CQIUE1 

· Scheduling SINR of NOMA for UE2 without SIC:  α2 /(α1 + 1/ CQIUE2)

· Scheduling SINR of OMA for UE1: CQIUE1 
We note that UE1 and UE2 are selected such that CQIUE1 is always higher than CQIUE2. We also assume that transmission power, α1, for UE1 is always higher than that, α2, for UE2. Then, UE1 is assumed to apply the perfect interference cancellation to remove the interference from the other user, while UE2 directly decodes its own signal. 
5. Calculate the multi-user PF metric by  
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where U denotes the candidate user set. Terms 𝑇(𝑙) and τ(l│U, P) denote the average throughput and instantaneous throughput of UEl, respectively. P denotes the allocated power sets.
6. Repeat Steps 2-5 with all of the combinations of candidate transmission power sets (α1, α2) and user sets (UE1, UE2). Similarly, the PF metric of OMA is also computed.
7. Select the transmission power and user sets with the highest PF metric in Step 6. Note that the PF metrics for both OMA and NOMA are compared and selected.
8. Conduct the Step from 1 to 7 for the remaining subbands.

· Adaptive modulation and coding and data receiving 
After all the subbands are allocated at eNB, modulation and coding schemes (MCS) for data transmission is selected. Average SINR over scheduled RBs is calculated first, then eNB checks the BLER for each MCS at the calculated average SINR and selects the single MCS with the maximum MCS x (1-BLER) for final data transmission. It should be noted that the target BLER is set less than 0.1. At the receiver side, the EESM SINR on scheduled RBs according to MCS for transmission is computed for the decoding of the data signal. Then the BLER based on BLER curves from the link tables is compared with EESM SINR at the receiver side. Note that BLER curves for link to system mapping based on LTE should be obtained from link-level simulation．
The above series of the operation is just one example and enhancements for the advanced scheduling schemes for the improvement of NOMA scheduling SINR could be considered, e.g. scheduling SINR estimation considering precoding vector/matrix of superposed UEs in order to improve NOMA SINR estimation at eNB.
Proposal 4: Enhancements of advanced scheduling schemes for the improvement of scheduling SINR NOMA needs to be further investigated and each company should provide their own scheduling schemes.
3. Receiver candidates

· Inter-cell interference 

Since no NW coordination is needed to operate NOMA scheme, MMSE-IRC should be the baseline receiver. To obtain the MMSE-IRC receiver weight matrix, the covariance matrix including the inter-cell interference needs to be estimated. Either CRS/DMRS based or data based covariance matrix estimation schemes are to be considered. 

· Intra-cell interference 

For handling intra-cell interference, the codeword level successive interference cancellation (CWIC) receiver is one candidate. The CWIC receiver demodulates or decodes the interfering signals first then cancels those replicas from the received signal before demodulating and decoding the signal of desired user. To enable robust intra-cell interference cancellation, such as CWIC, the following information needs to be known at the receiver side:

· Transmission power for other paired UEs
· PMI information of other pairing UEs
Note that the precoder index is chosen by eNB for the open loop operation, such as TM3. Thus, PMI of pairing NOMA UEs does not need to be known at receiver side. If TM4 is assumed, different precoders are utilized among paired NOMA UEs. In such a case, PMI index might be necessary for the receiver side when CWIC is employed. It is important to note that resource alignment and transmission power alignment highly impact the system performance and largely affect the receiver complexity and signaling overhead. For example, when resource allocation is not aligned between the paired UEs in order to achieve frequency scheduling gain through subband scheduling, the application of CWIC is considered to be unrealistic. In other word, CWIC can be assumed when the resource allocation is aligned among UEs. In order to achieve frequency scheduling gains, other type of receivers such as reduced complexity ML (R-ML) would be a good candidate. These observations are also summarized in Table I. 
Proposal 5: The following assumptions that affect the receiver complexity and required NW signaling should be clarified.

· Resource alignments among paired UEs
· Transmission power alignments with different subbands
· Precoder alignment for paired UEs
Table I: Example of resource allocations, transmission modes and candidate receivers                                                  w/ and w/o resource alignment
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4. Simulation assumptions and parameters

In [3], we propose focusing on the macro scenarios and reusing NAICS scenario 1 for evaluation. The simulation parameters are shown in Table A-I in the Annex which is compliant with the NAICS scenario 1[5]. Because, at the current stage, many simulation assumptions for NOMA have not been discussed and determined yet, in the following evaluation results, we assume a simple NOMA transmission scheme, such as the maximum number of simultaneously multiplexed users is set to two and number of power sets for full search power allocation is 5. NOMA scheduling SINR is simply approximated from LTE OFDMA implicit feedback without considering precoding of paired users, and full buffer traffic model is assumed. In order to investigate the performance gains of NOMA, the cell throughput and cell-edge user throughput are evaluated. The cell throughput is defined as the average aggregated throughput for users scheduled per a single cell, while the cell-edge user throughput is defined as the 5% value of the cumulative distribution function (CDF) of the user throughput. The evaluations are conducted for two cases: a) subband user pairing and scheduling where data transmission of a user only occupies a part of the whole bandwidth; b) wideband user pairing and scheduling where data transmission of a user occupies the whole bandwidth. 
Table II: Performance comparison of NOMA and OMA (OFDMA based)
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Cell 23.4065 27.1653 16.06% 23.4312 28.359 21.03%

Edge 0.3766 0.4604 22.25% 0.2008 0.2546 26.79%

Throughput (Mbps)
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Subband user pairing and scheduling
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Cell 20.4854 25.7248 25.58% 20.2648 25.9789 28.20%

Edge 0.2843 0.3671 29.12% 0.1468 0.191 30.11%

Throughput (Mbps)

10 UEs 20 UEs

Wideband user pairing and scheduling


In the evaluations, IRC is used for rank 1 user and MMSE is used for rank 2 user. As shown in Table II, compared with the previous investigations [2] and [6], we can confirm that NOMA can still maintain almost the system-level performance gains even when IRC is applied. It should be noted that the current results are preliminary because many parameters and algorithms of NOMA have not been optimized such as the transmission power allocation algorithm, NOMA scheduling SINR estimation algorithm, and resource allocation algorithm. Further optimizations will be conducted in the future. 
Although we assumed the ideal channel estimation in this contribution, the link to system mappings based on CRS channel estimation should be assumed to take into account the impacts of channel estimation errors on the system performance gain. However, there are some issues that must be addressed for the NOMA case. In the well-known link to system mappings, the link-level performances are obtained assuming that the transmission power for the CRS is the same as or higher by 3dB (power boosting) than that for the data. However, since the transmission power is allocated to the paired UEs in NOMA, the transmission power for the CRS would be always higher than that for data per UE as long as the CRS is common for the paired UEs. Especially, a lower transmission power is allocated to the cell-center UEs, there is a large discrepancy in the transmission power between CRS and data. Thus, when the link-level performances are based on the same transmission power for the CRS and data, the impact of the channel estimation errors on the cell center UEs is overestimated. Since the several sets of transmission power are necessary in NOMA, the new modelling of the channel estimation errors need to be considered.

Proposal 6: For the link-to-system mapping when assuming the practical channel estimation, it should be investigated how to handle issues regarding transmission power imbalance between the data and CRS for NOMA. 
5. Conclusion
In this contribution, we discussed NOMA as an enhanced multiuser transmission schemes and explained the transmission power allocation and multi-user scheduling methodologies for NOMA. Additionally our views on the candidate of transmission modes as well as receiver structure were described. System-level evaluation, including simulation assumptions, parameters, and initial performance evaluation were also given. Our proposals based on the discussion are summarized below.

Proposal 1: TM3 and TM4 with SU-MIMO should be prioritized for the study. TM9 and 10 would be considered if the significant gains from NOMA are expected.

Proposal 2: For the 2-by-2 antenna configuration, 2 UEs for non-orthogonal multiplexing per resource and 2 layers per UE should be considered as the baseline.

Proposal 3: The existing implicit channel state information (CSI) feedback framework, including RI, PMI, and CQI, should be reused as the baseline for the study.

Proposal 4: Enhancements of advanced scheduling schemes for the improvement of scheduling SINR NOMA needs to be further investigated and each company should provide their own scheduling schemes.
Proposal 5: The following assumptions that affect the receiver complexity and required NW signaling should be clarified.

· Resource alignments among paired UEs
· Transmission power alignments with different subbands
· Precoder alignment for paired UEs
Proposal 6: For the link-to-system mapping when assuming the practical channel estimation, it should be investigated how to handle issues regarding transmission power imbalance between the data and CRS for NOMA. 
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Annex
Table A-I. Simulation parameters

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites (ISD = 500 m)

	System bandwidth per carrier
	10 MHz 

	Carrier frequency 
	2.0 GHz

	Total BS TX power (Ptotal per carrier)
	46 dBm

	Distance-dependent path loss
	ITU UMa

	Penetration loss
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	Shadowing
	ITU Uma

	Antenna pattern
	3D (referring to TR36.819)

	Antenna Height: 
	25 m

	UE antenna Height
	1.5 m

	Antenna gain + connector loss
	17 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa

	Antenna configuration
	BS: 2Tx (0.5 lambda), cross-polarized
UE: 2Rx (0.5 lambda), cross-polarized 

	Number of UEs per cell 
	10 or 20

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.

	minimum distance from macro-cell to UEs
	35 m

	Traffic model
	Full buffer/Non-full buffer (FTP model 1)

	UE receiver
	·  MMSE
·  IRC (CRS based) for rank 1 and MMSE for rank 2

	Transmission  mode 
	2x2 TM4 (BLER curves: ideal channel estimation)

	UE noise figure
	9 dB

	UE speed
	3 km/h

	Cell selection criteria
	RSRP

	Handover margin
	3 dB

	Scheduling algorithm
	Proportional fairness maximization

	Control delay (scheduling, AMC)
	6 msec

	HARQ 
	Chase combining

	Round trip delay (HARQ)
	8 msec

	CQI quantization 
	Yes

	Codebook
	LTE Rel. 8

	Power ratio sets
	(0.08, 0.92), (0.18, 0.82), (0.23, 0.77),  (0.30, 0.70), (0.40, 0.60)
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