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1. Introduction
In RAN#66, a new study item on multi-user superposition transmission was approved with an additional update to the SID approved in RAN#67 [1]. The objective of the study item is to investigate the potential of non-orthogonal multiple access (NOMA), i.e. simultaneous transmission of multiple layers to different UEs without separation in time, frequency or space, assuming a more advanced receiver at the UE side.

As usual, in the beginning of the SI phase some agreements will be needed on the evaluation methodology and assumptions. Thus in this contribution we provide some views on the evaluation methodology and assumptions for NOMA. It is noted that in a companion contribution [2] we have provided some views on the baseline schemes that should be used for benchmarking NOMA performance.
2. Evaluation methodology
Multi-user superposition transmission, or non-orthogonal multiple access, is essentially based on joint optimization of multi-user transmission from both the transmitter and the receiver perspective. It relies on methods at the eNB side to select paired UEs such that it becomes possible to cancel the MU interference due to non-orthogonal transmissions at the UE side using advanced receivers. Basically both aspects will need to be considered in the evaluations, i.e. the UE selection at the eNB side and its potential consequences on e.g. resource allocation, as well as the efficiency of the UE side receivers in cancelling the interference.
Since the scheduling aspects are one crucial determining factor in the NOMA performance, link-level simulations do not seem extremely useful for the study. Rather system-level simulations are needed for the evaluations. However, link-level simulations will be needed, for example, to verify the used receiver abstraction models, i.e. the used link-to-system (L2S) mapping. It is noted that the whole NOMA concept relies heavily on the UE receiver to be able to cancel the overlapping non-orthogonal transmission. We stress that this is the very first time the UE needs to suppress interference that has the exact same equivalent MIMO channel as the desired signal, and hence previous L2S methods are not directly applicable to NOMA reception. Even the NAICS L2S is not applicable to NOMA since the channel ensemble used for training the NAICS L2S does not contain the limiting case of fully parallel interference and signal channels, and may be arbitrarily biased for such a case. Therefore it becomes crucial to establish a valid and accurate model of the UE receiver for the evaluations. Companies should be encouraged to provide results showing the validity of the used link-to-system mapping such that a judicious assessment of the presented system-level results can be made.
Observations:

· Multi-user superposition transmission relies on both eNB-side scheduling and UE-side advanced receivers.
· It is important to evaluate performance at system level (as opposed to link level).

· Precise modeling of UE receivers is crucial as the whole concept relies on interference cancellation at the UE side.
· The currently available link-to-system mapping methods have not been developed for NOMA transmission and reception. Hence, applying them blindly for NOMA evaluations introduces an arbitrary bias to the results, possibly invalidating the evaluation.
Accordingly, we propose:
Proposal 1:

· For multi-user superposition transmission,

· System level evaluations shall be primarily used for performance evaluations.
· Link level evaluations shall be used for development of the used link-to-system mapping for the considered receiver types.
· Companies should also show verification results on the validity of the used link-to-system mapping.
In the following section, we discuss some of the main simulations assumptions targeted for system-level evaluations.
Simulation assumptions

In the following we discuss the target deployment scenarios, antenna configurations, traffic models, impairments, UE receivers and other aspects that need to be modeled in the system-level evaluations. One aspect to be taken into account in defining the evaluation assumptions is the total number of different evaluation cases. As has been noticed in the FD-MIMO evaluations, a too large number of different evaluation cases may make the results difficult to be compared as most companies are not simulating all cases.
Target deployment scenarios:
Non-orthogonal multiple access is clearly a technology intended for very high load scenarios where the potential benefits of UE pairing with NOMA can be obtained (similarly to MU-MIMO). From that perspective, it would make sense to focus the studies primarily on homogeneous macro scenarios. For instance in small cell scenarios, typically a very small number of UEs are simultaneously connected to a cell, and thus the expected gains of NOMA would be rather small.
Proposal 2: 
· Main target deployment scenario considered in NOMA evaluations is a homogeneous macro network.

Antenna configurations and channel models:

Antenna configuration is of course one aspect that needs to be agreed upon. While it might be tempting to look for the highest gains and utilize only one transmit antenna at the eNB side, in our view realistic antenna configurations should be primarily studied. Thus, two or four transmit antennas with a cross-polarized setup should be prioritized. At the UE side, two antennas should be considered as usual. The ITU channel models (UMa/UMi) are the obvious choice for the channel models.

Proposal 3:
· In NOMA evaluations, consider 2x2 and 4x2 cross-polar antenna configurations using the ITU channel models.

Traffic models:

FTP traffic models have been used in practically all evaluations recently in RAN1, and should continue to be used as they provide a well-established and realistic enough traffic model. The main aspect that needs to be considered is the set of traffic load points to be considered. In order to keep the number of cases low, a maximum of two load points should be sufficient, one representing a high load and optionally another one representing low/medium load. For example, 30% and 60% traffic load points could be considered.
Proposal 4:

· Use FTP traffic model 1 with a maximum of two load points.

Receivers:

As discussed above, receivers are a crucial factor in the NOMA concept and thus proper modeling of the UE side receivers is needed. However the modeling obviously depends also on the exact receiver that is being considered. As mentioned in the SID, codeword IC is one candidate receiver for NOMA that needs to be included in the studies. However, it is noted that in the NAICS and SU-MIMO studies in Release 12, RML receivers have been considered as well. As shown below in Figure 1, the performance of RML receivers might be very close to that of CWIC receivers for NOMA. Considering also that RML receivers may cause less restrictions to scheduling in terms of e.g. resource allocation than CWIC receivers, we think that RML and CWIC receivers should be studied with equal priority.

Proposal 5:

· Consider RML and CWIC receivers with equal priority.

EVM:

Superposition transmission means that one of the codewords is transmitted with a clearly higher power than the other, on overlapping time/frequency resources. The codeword transmitted with a lower power would need to remain decodable after cancelling the impact of the stronger codeword. The resulting transmitted signal in fact then looks similar to high-order modulation signals, and therefore EVM starts having an impact on the reception quality. Therefore it is crucial to model EVM in the system-level simulations.
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Figure 1: NOMA rate region for UEs with 0 dB and 20 dB SNR, maximum transmit rank = 2. 
Figure 1 shows the detrimental impact of transmitter EVM on the NOMA rate region for two UEs. In this link simulation two UEs are co-scheduled on the full 10 MHz band. The points on the vertical and horizontal axis depict the throughput that each of the UEs is able to achieve when scheduled alone with up to rank-2 transmission, while the other points correspond to NOMA with 6, 8, 10, or 12 dB transmit power ratio of the two UEs PDSCHs. As an example, 25% throughput gain over the round robin TDM scheduler (depicted with the dashed line) can be achieved with NOMA using a 10 dB power ratio with constant fairness (ratio of the two UEs throughputs).
A suitable number of transmitter EVM is 8% which is based on the current eNB requirements for 64QAM. It is noted that for 256QAM the specified EVM is lower but this is targeted mainly for small cells. As we are now more concerned with high-power macro cells, transmitter EVM of 8% seems more appropriate.

Similarly to transmitter side EVM, the demodulation performance of the UE is also degraded by receiver impairments. In 256QAM system level studies (which is the closest existing counterpart to NOMA), the receiver impairments were taken into account as a receiver EVM (an AWGN term applied after the MIMO channel). For instance, 4% EVM may be assumed at the receiver in order to be on the safe side.

Proposal 6:

· Include 8% transmit EVM and 4% receiver EVM in the evaluations.

Channel estimation impairments:

Channel estimation impairments are usually modeled realistically in system-level simulations and NOMA studies should make no exception in this regard. However, NOMA brings an additional factor to DMRS-based channel estimation depending on whether the same precoder is assumed for the overlapping transmissions or not. If the same precoders are utilized, only one (DMRS) antenna port is basically needed as the power offset can be signaled to the UE. In principle, separate DMRS antenna ports could be used as well, however this would result in a 3 dB loss (or more, if the DMRS power matches the PDSCH power) in the DMRS power, and may thus impact the results via degraded channel estimation performance. Similarly, if different precoders are allowed, different DMRS ports need to be used, with the same impact on the channel estimation performance.
We propose that the channel estimation is modeled in the system-level evaluations, and that the power split between the antenna ports should be aligned with the assumption regarding precoders (same/different).
Proposal 7:
· Realistic modeling of channel estimation shall be included in the system-level evaluations.

· The power split between the UE-specific antenna ports shall be modeled if different precoders are allowed for the non-orthogonal transmissions.

Scheduling assumptions:
As we have discussed also in [2], there are a few aspects concerning scheduling restrictions that need to be modeled as part of the system-level evaluations.
First issue is that if CWIC is used at the receiver side, the resource allocation for the two UEs needs to be forced to the same physical resource blocks, as otherwise the UE will not be able to perform decoding and successive cancellation of the stronger codeword. Similar restrictions do not apply to RML as the codewords are not explicitly decoded in that case. Such resource allocation restrictions should be modeled for CWIC.
Second aspect is related to the question on same or different precoders that was already discussed during the drafting of the SID. Basically the SID currently mentions explicitly that the same spatial precoding vector should be used: “using the same spatial precoding vector or the same transmit diversity scheme over the same REs”. However, this is of course a rather strict restriction, especially in case of larger codebooks such as the Rel-12 4-Tx codebook, even though the PMI selection at the UE side can be controlled to some extent by codebook subset restrictions. On the other hand, if the precoders of the two co-scheduled UEs transmissions are different, the effective power offset between the transmissions, as seen at the UE side, cannot be directly predicted by the eNB. It is of course possible to force the same precoder for the two UEs’ PDSCH regardless of the PMI, but similar problems also arise if the reported PMIs are not followed. Thus for instance link adaptation may become more problematic for NOMA transmissions. Therefore, these aspects need to be modeled as well in the simulations through realistic models of CQI/RI/PMI feedback and link adaptation.
Finally, the total transmission rank should be kept low enough such that the UE receiver can handle it. In particular, the baseband processing of a 2Rx UE would be dimensioned for two layers per serving cell (and in any event for two codewords). Thus at most two UEs with rank one each can be paired in NOMA. Thus as also proposed in [2], for NOMA with 2Rx UEs the total transmission rank should be limited to two.
Proposal 8:

· Consider the following scheduling restrictions as part of system-level evaluations:
· Resource allocation should be restricted to be the same for the two UEs in case of CWIC reception.

· Total transmission rank for superposition transmission should be limited to two.

The question about same or different precoding vectors will need to be studied and discussed further.
3. Conclusion 
In this contribution we have discussed the evaluation methodology and assumptions for NOMA. Our proposals are summarized below:
Proposal 1:

· For multi-user superposition transmission,

· System-level evaluations shall be primarily used for performance evaluations.
· Link-level evaluations shall be used for development of the used link-to-system mapping for the considered receiver types.
· Companies should also show verification results on the validity of the used link-to-system mapping.
Proposal 2: 

· Main target deployment scenario considered in NOMA evaluations is a homogeneous macro network.

Proposal 3:

· In NOMA evaluations, consider 2x2 and 4x2 cross-polar antenna configurations using the ITU channel models.

Proposal 4:

· Use FTP traffic model 1 with a maximum of two load points.

Proposal 5:

· Consider RML and CWIC receivers with equal priority.

Proposal 6:

· Include 8% transmit EVM and 4% receiver EVM in the evaluations.

Proposal 7:

· Realistic modeling of channel estimation shall be included in the system-level evaluations.

· The power split between the UE-specific antenna ports shall be modeled if different precoders are allowed for the non-orthogonal transmissions.

Proposal 8:

· Consider the following scheduling restrictions as part of system-level evaluations:

· Resource allocation should be restricted to be the same for the two UEs in case of CWIC reception.

· Total transmission rank for superposition transmission should be limited to two.
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