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1. Introduction

In RAN1#82bis, it was agreed that the following traffic model and new performance metric for system-level evaluation are captured. 

Agreements:
· For MUST system-level simulation results with at least for RU > 60% to be captured in TR 36.859

· Implement packet dropping in MUST system simulations, according to the method in TR 36.814 with the following additional assumption

· T_drop = 1.6 seconds for 100KByte packet size

· Companies are encouraged to provide system-level simulation results with the following new performance metric additionally in next meeting

· New performance metric: average throughput of the UEs with user perceived throughputs at or below the 5% CDF point

· Using throughput calculations for dropped packets according to 36.814

· FFS whether to capture this new performance metric in TR 36.859 

· FFS whether and how to draw conclusion from this new performance metric

In this contribution, we describe evaluation assumption and methodology, and provide our system-level evaluation results. 
2. Evaluation assumption and methodology
In this section, the evaluation assumptions and methodologies for MUST system level simulation are described. 

2.1. Superposition coding scheme and Rx Type
In this contribution, we consider an amplitude-weighted superposition coding scheme for performance evaluation. In this scheme, the eNB may co-schedule two UEs with different geometry, i.e., UE1 is located near to eNB and the other UE, UE2, is located far from the eNB, and each UE pair is separated by the power allocation factor
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. Assuming 2 by 2 MIMO and a single layer transmission, the received signal at each user can be expressed as
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where 
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are channel matrix, 
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is a precoding vector for UE
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is transmit power, and
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is data symbol with a unit power. Note that if the same beam restriction is imposed, we have 
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   For far UE2, MMSE-IRC receiver is used to mitigate inter-cell and inter-layer interference. For near UE1, ideal CWIC is considered to cancel/suppress signal from UE2, and MMSE-IRC receiver can be used to mitigate inter-cell and inter-layer interference. 

2.2. High level criteria for UE selection and scheduling
To obtain potential MUST gain, UE selection and scheduling at eNB is an essential process. The UE selection and scheduling algorithm for MUST is shown in algorithm below. Here, M indicates the number of total active UEs, and UE1 and UE2 denote paired MUST UEs.

	I. Single UE selection 
1. Select the one of the M active UEs.

2. Calculate the metric of selected UE using PF (proportional fairness) metric function.

3. Repeat steps I.1-I.2 for all of the M active UEs.

4. Find the single UE, UES, with the highest PF metric in step I.2.

5. Repeat steps I.1-I.4 for all sub-bands.

II. MUST UE pair and power allocation factor selection 

1. Select one UE pair (denoting as UE1 and UE2) from all possible combinations of active UE pairs.

2. If UE1’s PMI equals to UE2’s PMI, go to step II.3. Otherwise, go to step II.1 and select the other UE pair.

3. Select 
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from the power allocation factor set S = {0.025, 0.05, … 0.3}.
4. Calculate the metric for selected UE pair (UE1, UE2) using MUST PF metric function(*) and selected power allocation factor
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. 
5. Repeat steps II.3-II.4 for all of the power allocation factors.

6. Find the best power allocation factor, 
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, which has the highest MUST PF metric in step II.4 for selected UE pair (UE1, UE2).
7. Repeat steps II.1-II.6 with set of all possible UE pairs.

8. Find the UE pair (UE1, UE2) and its best power allocation factor which have the highest MUST PF metric in step II.4. 
9. If the highest MUST PF metric of selected UE pair (UE1, UE2) is higher than the highest PF metric of UES, MUST is applied. Otherwise, MUST is not applied and transmission for UES only is conducted.

10. Repeat steps II.1-II.9 for all sub-bands

III. UE alignment and sub-band release

1. Select one UE among the scheduled UEs

2. For a given selected UE, choose the best Tx mode (i.e., MUST NU, MUST FU, SU transmission) based on the summation of all PF metric for each TX mode in scheduled sub-bands.
3. Release sub-bands where selected UE is scheduled with other Tx mode. Note that the selected UE must be scheduled with the same TX mode in the next round scheduling. 
4. Repeat step III.1-III.4 for all scheduled UEs.
IV. Repeat step I, step II and step III for released sub-bands until all sub-bands are scheduled.


Algorithm 1. Sub-band scheduling algorithm for MUST UE pairing

Algorithm 1 represents MUST UE pairing algorithm based on the exhaustive search. The first step finds the single UE, UES, using a PF (proportional fairness) metric, and second step finds the UE pair, UE1​ and UE2, using the MUST PF metric. In this phase, the power allocation factor α is also selected. Finally, the algorithm chooses a single transmission or MUST according to the results of comparison between the PF metric of UES and that of UE pair (UE1, UE2). In the third step, the sub-band scheduling is conducted. In this step, the scheduler aligns scheduled UEs in order to make the same transmission mode (i.e., MUST NU, MUST FU, SU transmission) by choosing the largest value of sum PF metric for each transmission mode. Once the best Tx mode is chosen for a selected UE, other sub-bands with other Tx mode are released. The selected UE must be scheduled with the same TX mode in the next round scheduling. Note that the same beam restriction is assumed in this algorithm.
In step I.B.4 for algorithm 1, the MUST PF metric function(*) performs essential operations as follows. First of all, the MUST PF metric function decides the near UE and the far UE for given two UEs by using the CSI reported from each UE. After the decision of the near UE and the far UE, the MUST PF metric function calculates the PF metric using the scheduling SINRs of each UE. For example, with rank 1 transmission for both near and far UE, the aforementioned SINR of near UE, SINRMN, and that of far UE, SINRMF, are given by
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respectively,  where R is the residual interference cancellation factor, SINRSN and SINRSF are SINR of near and far UE when SU-MIMO is applied, respectively. Here, SINRSN and SINRSF are calculated by using CQI reported from each UE. Also, we assume perfect interference cancellation at near UE, the residual interference cancellation factor, R, is zero.

3. Evaluation Results
For a system-level simulation setup, we consider homogenous network with ISD 500m which is MUST scenario 1. In the following evaluation result, it is assumed 2 x 2 antenna configuration with TM 4. When the MUST is applied, the rank for near UE and far UE could be 1 or 2. For decoding process, ideal CWIC at near UE and MMSE-IRC receiver at far UE is assumed. Also, we assume 8% Tx EVM and 4% Rx EVM for the evaluation. In addition, the same beam restriction for the MUST is assumed for our evaluation. The rest of simulation parameters are listed in Table A-1.

Table 1. MUST Category 1 with 2 transmit antenna and full-buffer traffic in MUST Scenario 1
	Source
	Throughput (Mbps)
	Baseline
	MUST Category 1

	
	
	
	MMSE-IRC Receiver
	Gain (%)

	LGE
	Cell average
	16.77
	19.79
	18.0

	
	Cell edge
	0.341
	0.385
	12.9

	
	Note
	Wide band scheduling


Table 1 compares the average and 5% edge UE throughput performance to exhibit the performance gain for full buffer model with wide band scheduling. As shown in Table 1, the performance gains for wide band scheduling in terms of average and 5% edge UE throughput are 18% and 12.9%, respectively.
Observation 1: In full buffer case, the MUST with ideal IC
 achieves 18% performance gain of average UE throughput and 12.9% performance gain of 5% edge UE with wide band scheduling.
Table 2. MUST Category 1 with 2 transmit antenna and full-buffer traffic in MUST Scenario 1
	Source
	Throughput (Mbps)
	Baseline
	MUST Category 1

	
	
	
	MMSE-IRC Receiver
	Gain (%)

	LGE
	Cell average
	20.23
	22.04
	8.95

	
	Cell edge
	0.474
	0.529
	11.6

	
	Note
	Sub band scheduling


Table 2 compares the average and 5% edge UE throughput performance to exhibit the performance gain for full buffer model with sub-band scheduling. As shown in Table 2, the sub-band scheduling provides 8.95% and 11.6% performance gain over SU-MIMO baseline in terms of average and 5% edge UE throughput, respectively. It is observed that the throughput performance of sub-band scheduling is better than that of wide band scheduling in terms of both average UE throughput and 5% edge UE throughput.
Observation 2: In full buffer case, the MUST with ideal IC achieves 8.95% performance gain of average UE throughput and 11.6% performance gain of 5% edge UE with sub band scheduling.
Table 3. MUST Category 1 with 2 transmit antenna and FTP traffic in MUST Scenario 1 at medium load
	Source
	Throughput (Mbps)
	Medium Load (60% RU) with packet size of 500KB

	
	
	Baseline
	MUST Category 1

	
	
	
	MMSE-IRC Receiver
	Gain (%)

	LGE
	Mean UPT
	12.542
	12.747
	1.63

	
	5% UPT
	1.296
	1.373
	5.94

	
	50% UPT
	8.423
	8.639
	2.56

	
	95% UPT
	38.095
	37.736
	-0.94

	
	RU
	0.61
	0.6
	

	
	Served/Offered 
(# of subframes simulated)
	0.957
(10000)
	0.958
(10000)
	

	
	λ
	1.9

	
	Note
	Wide band scheduling


Table 4. MUST Category 1 with 2 transmit antenna and FTP traffic in MUST Scenario 1 at high load
	Source
	Throughput (Mbps)
	High Load (90% RU) with packet size of 100KB

	
	
	Baseline
	MUST Category 1

	
	
	
	MMSE-IRC Receiver
	Gain (%)

	LGE
	Mean UPT
	7.563
	7.799
	3.12

	
	5% UPT
	0.0
	0.0
	0.0

	
	50% UPT
	3.636
	4.0
	10.01

	
	95% UPT
	27.586
	27.586
	0.0

	
	RU
	0.89
	0.79
	

	
	Served/Offered 
(# of subframes simulated)
	0.893
(10000)
	0.903
(10000)
	

	
	λ
	12

	
	Note
	Wide band scheduling


Table 3 and Table 4 compare the average and 5% edge UE throughput performance to exhibit the performance gain for MUST in burst buffer case with wide band scheduling. In the simulation, we employ FTP model 1 with 500Kbyte file size and 100Kbyte file size for evaluating the cases for 60% and 90% resource utilization, respectively. Note that T_drop=1.6 sec is assumed for the high RU case. As shown in Table 3 and Table 4, the MUST provides 1.63% and 5.94% performance gain over SU-MIMO baseline in terms of average and 5% edge UE throughput with 60% RU, respectively, and the MUST provides 3.12% performance gain over SU-MIMO baseline in terms of average throughput when 90% of resource is utilized. 

Observation 3: In FTP 1 with high load case, the MUST with ideal IC achieves 3.12% performance gain of average UE throughput.
4. Conclusion
In this contribution, we provide system level evaluation results and following observations.
Observation 1: In full buffer case, the MUST with ideal IC achieves 18% performance gain of average UE throughput and 12.9% performance gain of 5% edge UE with wide band scheduling.
Observation 2: In full buffer case, the MUST with ideal IC achieves 8.95% performance gain of average UE throughput and 11.6% performance gain of 5% edge UE with sub band scheduling.
Observation 3: In FTP 1 with high load case, the MUST with ideal IC achieves 3.12% performance gain of average UE throughput.
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Appendix Ⅰ: Detailed evaluation assumptions

System-level simulation parameters are listed as below.
	Parameters
	Values

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	Inter-macro-eNB distance 
	500 m

	System bandwidth per carrier
	10 MHz 

	Carrier frequency 
	2.0 GHz

	Total eNB TX power 
	46 dBm

	Distance-dependent path loss
	ITU UMa, with 3D distance between an eNB and a UE applied

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

	Shadowing
	ITU UMa

	Fast fading channel between eNB and UE
	ITU UMa 

	eNB antenna pattern
	3D 

	eNB antenna height 
	25 m

	eNB antenna gain + connector loss
	17 dBi

	UE antenna height
	1.5 m

	UE antenna gain
	0 dBi

	Antenna configuration
	eNB: 2 Tx, cross-polarized 0.5-wavelength spacing between antenna
UE: 2 Rx, cross-polarized 0.5-wavelength spacing between antenna

	Traffic model
	Full buffer traffic model (10UE/Cell)

Burst buffer traffic model (FTP model 1 of 100Kbyte/500Kbyte file size)

	UE dropping
	20% UEs are outdoor; 80% UEs are indoor

	Minimum distance (2D distance)
	Macro – UE : > 35m

	Number of superposed signals in superposition transmission
	2

	UE receiver
	Baseline : MMSE-IRC for inter-cell and inter-layer interference suppression
MUST : MMSE-IRC for inter-cell interference suppression

· For MUST near UE 
Ideal cancellation for intra-layer interference is assumed

MMSE-IRC for inter-cell and inter-layer interference is assumed

· For MUST far UE, 
MMSE-IRC is assumed

	UE noise figure
	9 dB

	UE speed
	3 km/hr

	Cell selection criteria
	RSRP

	Unified handover margin
	3 dB

	Performance metrics
	5/50/95%ile and mean user throughput

	Transmission schemes 
	SU-MIMO and MU superposition transmission based on TM4

	Feedback assumption
	CRS channel/interference estimation
Release 8 CSI feedback schemes

Feedback periodicity: 5 ms

Feedback delay: 5 ms

	Receiver impairment modeling for demodulation
	Ideal CRS channel estimation

	EVM
	Tx EVM: 8%
UE Rx EVM: 4%


PAGE  
1

_1501049188.unknown

_1501049587.unknown

_1501051061.unknown

_1501074444.unknown

_1501051274.unknown

_1501051008.unknown

_1501049315.unknown

_1501049421.unknown

_1501049138.unknown

_1501049169.unknown

_1501012156.unknown

