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1 Introduction
The Downlink Multiuser Superposition Transmission study item [1] considers new techniques wherein transmissions intended for a second UE may be superposed on those intended for a first UE, but unlike MU-MIMO, the two transmissions are not spatially separated.  This new transmission approach requires suitable evaluation scenarios, conditions, and receiver assumptions allowing its performance to be evaluated.  This contribution considers aspects such as simulation scenarios, antenna configurations, traffic model, and receiver assumptions, making corresponding proposals.
2 Discussion 
2.1 Number of eNB antenna ports

Superposition adds an extra dimension to multi-user transmission schemes by allowing UEs that are not well separable by an adaptive array to be co-scheduled.  As such, the greater benefit of such schemes will be found in cells with eNB antenna arrays with fewer antennas.  While it is clear that techniques should not only be studied in the scenarios where they provide the most gain, use cases with a small number of antennas will continue to be of interest in deployments such as small cells or other cases where the capacity or range gains of larger antenna systems are not critical.   Therefore, eNB configurations with a small number of antenna ports should be studied, and the need for studying scenarios with more ports can be further considered with lower priority.
This interest in smaller antenna arrays is a natural differentiator from e.g. the FD-MIMO study, which focuses on large antenna arrays and considers the benefit of MU-MIMO.  This differentiation then led to the study item scope being restricted to using superposition and to not improving downlink spatial precoding.
Observations: 

· The study targets determining the benefit of superposition independently of other multiuser transmission schemes such as MU-MIMO.
· The greatest benefit of superposition is expected when eNB has a small number of antennas. 

Proposal:
· Simulation assumptions include 2 CRS ports.

· Additional eNB antenna configurations may be further considered.

2.2 Baseline and superposition receiver types

Superposition schemes often use interference cancelling receivers to remove superposed layers, and so advanced receivers will be an important part of the study.  Since superposition schemes will be studied using advanced receivers, it is then essential to have a fair baseline for Rel-12 UEs.  Given that LTE MIMO was designed to support advanced receivers (and considering features such as CRS-IC and NAICS), the gains of an advanced receiver should be taken into account in both Rel-12 and superposition schemes.
Supporting multiple layers of data to each UE should be a part of the study item, but the focus should be on the superposition rather than spatial separation and interaction. Therefore, we propose that the UE receiver should separate the spatial layers with a linear receiver (i.e. L-MMSE-IRC). Thereafter, an advanced receiver step (e.g. CWIC or R-ML) can be used to separate the superposed data layers in each spatial stream, i.e. without any cross-spatial-layer nonlinear processing. With this proposal, the baseline receiver becomes a standard L-MMSE-IRC receiver.

Codeword interference cancellation schemes used with SU-MIMO (‘SU-CWIC’) have been well studied within LTE, and known to provide substantial gains.  Consequently, it is natural to study codeword interference cancellation for multiuser superposition schemes (‘MU-CWIC’).   However, since UEs may have different amounts of information about interfering superposed layers intended for other UEs depending on the superposition scheme, superposition reception may or may not be able to cancel the interference.  Therefore, if MU-CWIC or any other receiver scheme requiring knowledge of interfering PDSCH parameters or precoding is used, proponents should describe  how the UE determines the needed parameters to suppress the interference.  Also in this case where inter-layer-spatial processing is allowed in the MUST receiver, the same type of inter-layer-spatial processing capability should be used for both superposition reception and for the baseline receiver.  Therefore, if e.g. MU-CWIC or R-ML is used for superposition reception, SU-CWIC or R-ML, respectively should be used for the baseline.
Observations:

· It is essential to take into account advanced receiver gains in Rel-12 baselines to make a fair comparison. 
· The scheduling and choice of transmission parameters in the eNodeB must be done with knowledge of the receiver type. If the baseline is an advanced receiver, then the scheduler should do its best to transmit data to this type of advanced receiver – which implies that the scheduling algorithm may be different in the baseline and MUST evaluations.

· CWIC receivers are well suited to canceling superposed multiuser interference, but need more information than SU-CWIC
· Interfering transport format, etc., are needed.

Proposals:
· CRS-IC is assumed for both Rel-12 and superposition schemes

· The MUST receiver should linearly separate the different spatial layers, and nonlinear separation of superposed data layers should only be done within the same spatial layer. With this proposal, the baseline receiver becomes L-MMSE-IRC.
· If the above proposal is not agreed, and inter-spatial-layer nonlinear processing is allowed in the MUST receiver, then in this case the baseline and MUST receivers should use the same type of inter-layer-spatial processing capability, i.e.: 
· The (baseline, superposition) receiver combinations can be (SU-CWIC,MU-CWIC) or (R-ML,R-ML).

· Proponents should describe the interferer parameters used by the receiver and the mechanisms used to determine the parameters. 

2.3 Scenarios
All recent LTE studies have addressed both homogeneous and heterogeneous deployments, and we see no reason to change this for the superposition study.  For example, the gains from co-scheduling of a low SINR ‘far’ UE with a high SINR ‘near’ UE may be of particular interest in a macro cell, whereas the ability to improve throughput using a small number of eNB antennas can drive interest in small cells.
The NAICS and separate frequency small cell scenarios then seem a reasonable starting point for multiuser superposition studies.  Since multiuser superposition co-schedules UEs from a single transmission point, NAICS scenario 1 [3] can be further simplified by removing inter-site coordination assumptions, resulting in a multiuser superposition scenario 1 that can be summarized as:
· Superposition Scenario 1:

· Homogeneous network, macro only, ISD = 500m

· ITU UMa channel model
Recent heterogeneous network studies (such as in EBF/FD-MIMO and SCE) have generally been based on clustered small cells.  Since a small number of antennas is used (unlike in EBF/FD-MIMO), small cell scenarios are appropriate candidates.  Since inter-site coordination is not targeted for the study then it seems sufficient to focus on the benefit of superposition to the small cell layer.  Therefore, small cell scenario 2a is appealing due to its use of separate carrier frequencies on the macro and small cell layers.  Since the small cell layer performance is primarily of interest, it may be sufficient to simulate PDSCH only on the small cell layer, using the macro cells only for cell association, as is done for the EBF/FD-MIMO study.  Since heterogeneous networksimulations can be computationally intense, and since a 19 site simulation is probably overkill, simplified simulations using 7 site wraparound should be included. Radio distance based wrapping should be used to provide the best accuracy for a given number of sites simulated.  Also, extremely dense setups with 10 picos per cluster are not likely to provide more insight, while requiring a lot of simulation time. A superposition scenario 2 may then be summarized as:
· Superposition Scenario 2:

· SCE Scenario 2a, with 4 small cells / cluster and 1 cluster per macro cell

· Macro site may be simulated only for cell association
· 7 or 19 site wraparound 
Observations:

· Multiuser superposition is suitable for both heterogeneous and homogeneous deployments using a small number of eNB antennas

Proposals:

· Superposition scenario 1 is based on NAICS scenario 1, as above and captured in Annex A

· Superposition scenario 1 is based on small cell scenario 2a, as above and captured in Annex A.

2.4 Alignment simulations

System simulations using non-linear receivers are extremely difficult to align between companies, as was observed during the NAICS study.  This problem has been largely ameliorated in the past (e.g. for IMT-A evaluations, FD-MIMO, etc.) by using an initial calibration step with simple simulation assumptions.  Given the use of non-linear receivers and their use with new transmission schemes, it seems even more important to have simple system level models to align results between companies.  One simple approach to link to system mapping is to use a ‘hard CWIC’ mapping [2] wherein spatial layers are separated with MMSE-IRC, and the superposed layers are either completely suppressed or not at all.  This straightforward mapping should allow good alignment between companies, as well as provide insight into performance of superposition reception.

Proposal:

· The MUST study includes an system simulation alignment step where companies align at least

· downlink SINR and coupling loss,

· wideband SINR, and 
· system throughput using a simple link to system mapping approach for a non-linear receiver such as [2]
2.5 Traffic model
Realistic non-full buffer traffic models should be used to study the behavior and form the sole basis for determining the system level performance benefits of multiuser superposition.  This is particularly important for multi-user algorithms, and is consistent with recent studies such as EBF/FD-MIMO, small cells, and NAICS.

Recently used FTP models often have file sizes of 0.5 Mbytes.  However, using only this size is unrealistic, since file sizes for data traffic in real network are often much smaller than 0.5 Mbytes. For example, studies of ‘interactive content pull traffic’ in the enhancements for diverse data applications (eDDA) work in RAN2 [4], had downlink typical mean data rates on the order of 10’s of kBytes/s.  Interactive content pull traffic may include, for example, HTTP web browsing, usage of online maps, browsing of social networking pages, usage of application stores and occasional download/playback of portions of audio or video media content, and so is representative of quite common smart phone and tablet traffic.  Therefore it is important to include more representative models of these kinds of traffic than FTP with file sizes of 0.5 Mbytes.

While FTP models may not be the best approximation of lower data rate traffic such as interactive content pull, it would be challenging to quickly develop an alternative model.  A straightforward approach of using a smaller packet size such as 100 kB is a pragmatic way to get a more representative traffic model until a better model is available.

Observations:

· Non-full buffer traffic modeling has been used as the basis for evaluating system performance gains of Rel-12/13 features, and is particularly important for multi-antenna algorithms.

· FTP models of 0.5 Mbytes lead to unrealistically high data rates for some common cellular traffic; web-browsing and similar ‘interactive content pull’ applications have downlink mean data rates of 10s of kBytes/s.

· Using a smaller FTP file size such as 100 kB can be a pragmatic approach for studies until better models are available.

Proposal:

· FTP model 1 with 500 and 100 kB file sizes are used for system level performance evaluations in the MUST study.
2.6 CSI Feedback
‘Far’ UEs likely to be rank 1 may commonly be scheduled using superposition transmission.  Since such UEs tend to benefit from frequency selective scheduling, frequency selective PMI and CQI should be used in multiuser superposition simulations.
Proposal:

· Frequency selective PMI and CQI is used for system level performance evaluations in the MUST study. 
3 Conclusion
This contribution has considered general aspects needed in multiuser superposition study such as simulation scenarios, antenna configurations, traffic model, and receiver assumptions.  These are summarized below:

Proposals on scenarios and parameters:

· Two deployment scenarios are defined (as described in detail in Annex A):

· A homogeneous network scenario based on NAICS scenario 1

· A simplified separate frequency heterogeneous network scenario based on small cell scenario 2a

· The MUST study includes an system simulation alignment step where companies align at least

· downlink SINR and coupling loss,

· wideband SINR, and 

· system throughput using a simple link to system mapping for a non-linear receiver such as [2]
· Simulation assumptions include 2 CRS ports.

· Additional eNB antenna configurations can be further considered.
· FTP model 1 with packet sizes of 100 and 500 kB are used for system level performance evaluations.

· Frequency selective PMI and CQI is used for system level performance evaluations in the MUST study.

· Detailed simulation assumptions and parameters are in Annex A

Proposals regarding receivers:

· CRS-IC is assumed for both Rel-12 and superposition schemes.
· The MUST receiver should linearly separate the different spatial layers, and nonlinear separation of superposed data layers should only be done within the same spatial layer. With this proposal, the baseline receiver becomes L-MMSE-IRC.

· If the above proposal is not agreed, and inter-spatial-layer nonlinear processing is allowed in the MUST receiver, then in this case the baseline and MUST receivers should use the same type of inter-layer-spatial processing capability, i.e.: 

· The (baseline, superposition) receiver combinations can be (SU-CWIC,MU-CWIC) or (R-ML,R-ML).

· Proponents should identify the interferer parameters used by the receiver and the mechanisms used to determine the parameters. 
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Annex A: Evaluation assumptions
	 
	Scenario 1 
	Scenario 2

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites (optional: 7 macro sites, similar to that in SCE SI), radio distance based wrapping

	System bandwidth per carrier
	10MHz 

	Carrier frequency 
	2.0GHz

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm (for small-cell)

	Distance-dependent path loss
	ITU UMa
	ITU UMa for macro and UMi for small cell

	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)
	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
	ITU UMi for small-cell

	Antenna pattern
	3D (referring to TR36.819)
	2D Omni-directional is baseline for small cell; directional  antenna is not precluded

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi
	5dBi for small cell

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa
	ITU UMi for small cell

	Antenna configuration
	eNB: 2Tx, cross-polarized
UE: 2 Rx, cross-polarized 
	eNB: 2Tx (macro and small cell), cross-polarized
UE: 2 Rx, cross-polarized

	Number of small cell clusters per macro cell geographical area
	
	1

	Number of small cells per macro cell geographical area
	 
	4

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.
	2/3 UEs randomly and uniformly dropped within the cluster, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50m

	Radius for UE dropping in a cluster
	70m

	Minimum distance 
	Small cell-small cell: 20m

Small cell-UE: 5m

Macro –small cell cluster center: 105m

Macro – UE : 35m

	Traffic model
	FTP model 1 as in TR 36.814, using 100 kB or 500 kB packets

	UE receiver
	Baseline and enhancement assume CRS-IC

Proponents should identify the interferer parameters used by the receiver and the mechanisms used to determine the parameters.

Superposition enhancements and Rel-12 baseline use the same class of advanced receivers, including:

•If the Rel-12 baseline uses L-MMSE-IRC to suppress inter-spatial-layer interference, superposition uses L-MMSE-IRC to suppress inter-spatial-layer interference.

•If the Rel-12 baseline uses an interference cancellation receiver, superposition may as well.  

	UE noise figure
	9dB

	UE speed
	3km/h

	Number of CRS ports
	2 for TM4/6

	Unified handover margin
	3dB

	Considered inter-point transmission scheme
	Single point transmission, no inter-point coordination
(Note: Superposition receivers should work with features from earlier releases. Baseline for comparison should be the appropriate Rel-11 technique(s) for each scenario.) 

	Feedback assumption
	Non-ideal
Using frequency selective PMI and CQI (PUSCH 3-2)



