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1 Introduction

In RAN#67, the study item [1] was approved with the following scope: 
This study will consider potential enhancements for downlink multiuser transmission using superposition coding.
In particular, the objectives of the study item are the following:
·  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)
· Identify required standard changes needed to assist UE intra-cell interference cancellation or suppression for the objectives listed above
· The study should consider realistic deployment scenarios, traffic model and trade-offs between system-level gain, UE complexity, signaling overhead as well as specification impact. The study will consider UE and eNB feasibility for the possible enhanced schemes, with realistic UE and eNB impairments modeling (e.g. EVM, imperfect CSI feedback), channel estimation errors. 
· The study should take into account techniques in other SI/WI (e.g., FD-MIMO), and duplication of work should be avoided.

· The study will not consider enhancements to spatial precoder for the downlink.
· The study should be applicable to both TDD and FDD.
In Sec. 2, we elaborate on the evaluation methodologies needed for the study, including proposed simulation parameters. Furthermore, some preliminary system level simulation results are given in the Appendix.
2 Evaluation methodologies
Traffic model assumptions
As stated in the SID, realistic traffic model should be considered to evaluate the potential gain of the superposition coding schemes. In RAN1 evaluations, full buffer traffic model and FTP bursty buffer traffic model are used. FTP bursty buffer traffic model is usually considered to be more realistic in the sense that it models time-varying interference. However, it is observed that the modeling of FTP traffic model has limitation on the number of the UEs that are queuing simultaneously. Table 1 shows the statistics in system level simulation for homogeneous network. It can be seen that even if with as big as 80% resource utilization, the probability of more than 2 queuing UEs is less than 18%. While with around 50% resource utilization, the probability of more than 2 queuing UEs is less than 5%.  In the real network, however, it is not practical to assume that the number of UEs with data to be received simultaneously is so small.  
Table 1 Probability of multiple queuing users, with file size 0.5 MB
	Resource utilizations[4]
	Number of Queuing UEs

	
	1
	2
	3
	4

	27.47%
	23.35%
	3.01%
	0.38%
	0

	52%
	32.33%
	12.98%
	4%
	0.01%

	67.41%
	33.35%
	19.0%
	8.82%
	0.04%

	80.12%
	29.56% 
	22.11% 
	13.59%
	0.07%


This limitation has no impact on evaluation of most technologies that have been evaluated. However, it has big impact on the evaluation of multi-user multiplexing schemes.  Therefore it is considered that the FTP traffic model is not practical for the evaluation of multi-user gain and it is proposed to agree on the full buffer traffic model first for the evaluation of superposition transmission schemes. More investigation on FTP model is needed before it can be agreed for the evaluation.

Proposal 1: Full-buffer traffic model is applied for superposition transmission evaluation. More investigation on FTP model is needed before it can be agreed for the evaluation of superposition transmission schemes.
Receivers
The superposition transmission receiver should perform detection of the near and far superposed signals and each receiver shall perform independent decoding of its transport block. The receivers assumed during the discussion in previous releases can be used for the different superposition transmission schemes [2] and companies should present the receivers they used when presenting the results. MMSE-IRC should be used in the baseline performance. 
Proposal 2: The baseline receiver is MMSE-IRC for baseline performance. The receivers assumed during the discussion in previous releases can be used for the different superposition transmission schemes and companies should present the receivers they used when presenting the results.
TX antenna configurations 
To identify the potential gain of different superposition coding schemes, it is desirable to start with small number of antennas in order to avoid involving spatial precoding gains. Hence, 2 TX antennas should be the main focus and 4 TX can be optional.
Transmission modes

The SID [1] states that the multiplexing is made using the same spatial precoding vector or the same transmit diversity scheme, i.e., effectively utilizing the same precoder for near- and far UEs. On the other hand, 2 antennas are proposed to be mainly concerned, so TM3 and TM4 are two good transmission modes to start with. 
Proposal 3: 2 antennas configuration is used in the evaluation. TM3 and TM4 should be applied, which are CRS-based. 
Proposed scenarios and simulation parameters 
The proposed evaluation assumptions in Table 2 are inherited from NAICS assumptions [3] with some changes marked in red. In addition, some assumptions are deleted including:

a) The simulation assumptions related to inter-cell interference mitigation, inter-cell coordination and backhaul modelling are irrelevant to this study.

b) MU-MIMO related assumptions
c) DMRS-based related assumptions are removed at this point.
Table 2 Evaluation Assumptions
	 
	MUST Scenario 1 
	MUST Scenario 2

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

	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
	Baseline: 2Tx, 0.5 lambda, cross-polarized (4Tx optional)
Baseline for UE: 2 Rx, cross-polarized (4Rx optional)
	Baseline (for small cell): 2Tx 
0.5 lambda, cross-polarized (4Tx optional)
Baseline for UE: 2 Rx, cross-polarized (4Rx optional)

	Number of small cells per macro cell geographical area
	 
	 4 (mandatory), 10 (optional)

	Number of UEs 
	10 per macro cell
	60 per macro cell

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.
	Configuration #4b as in TR36.814,
20% UEs are outdoor and 80% UEs are indoor.

	Minimum distance 
	 
	Same as CoMP Scenario #3/4 in TR36.819 
• Macro – RRH/Hotzone: >75m
• Macro – UE : >35m
• RRH/Hotzone – RRH/Hotzone: >40m
• RRH/Hotzone – UE : >10m

	Traffic model
	Full buffer

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Number of CRS ports
	-
For CRS based transmission modes, use number of eNB Tx antennas independent of the scenario 

	Cell selection criteria
	Baseline: RSRP for intra-frequency and no CRE (optional: 6dB CRE)

	Unified handover margin
	3dB

	Performance metrics
	Mean cell average throughput and the cell edge throughput

	Considered transmission schemes from a single point
	SU-MIMO (adaptive rank-1 &2)

	Feedback assumption
	Non-ideal CRS or CSI-RS/IMR channel/interference estimation. 

	Baseline MMSE-IRC receiver impairment modelling (demodulation)
	Non-ideal channel estimation of PDSCH for MMSE-IRC. Companies should describe simulation details for reproducing results.

	Receiver impairment modelling (feedback)
	Non-ideal CRS or CSI-RS channel/interference estimation. 
(Note: This is for RAN1 system simulation purpose only.)


UE complexity assessment

UE complexity is an important aspect to consider the feasibility of adopting a superposition transmission scheme. The analysis and assessment is needed on the UE complexity, e.g., receiver complexity.

Proposal 4: UE complexity analysis/assessment shall be included in the evaluation of the superposition transmission schemes.
3 Conclusion
In summary, we propose the assumptions given in Section 2 for the superposition transmission study, as follows. The detailed simulation scenarios and parameters are shown in Table 2:
Proposal 1: Full-buffer traffic model is applied for superposition transmission evaluation. More investigation on FTP model is needed before it can be agreed for the evaluation of superposition transmission schemes.
Proposal 2: The baseline receiver is MMSE-IRC for baseline performance. The receivers assumed during the discussion in previous releases can be used for the different superposition transmission schemes and companies should present the receivers they used when presenting the results.
Proposal 3: 2 antennas configuration is used in the evaluation. TM3 and TM4 should be applied, which are CRS-based.
Proposal 4: UE complexity analysis/assessment shall be included in the evaluation of the superposition transmission schemes.
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Appendix
Table 3 contains simulation results for Scenario 1 defined in Section 2 with NOMA transmission scheme.
Table 4 SLS results
	Settings
	Cell average gains
	Cell edge gains

	Subband CQI - RANK=1  TM3
	12.82%
	27.18%

	Subband CQI - RANK adaptation  TM3
	14.87%
	26.29%

	Wideband CQI - RANK=1  TM3
	22.07%
	41.26%

	Wideband CQI - RANK=adaptation  TM3
	22.15%
	42.39%

	Wideband CQI - RANK=1  TM4
	14.57%
	27.77%

	Wideband CQI - RANK=adaptation  TM4
	12.71%
	24.40%


