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1
Introduction
In this document, we present system level results for uplink E-UTRA based on the baseline configuration parameters set in [1] and the minimum set scenarios in [2]. The goal of this document is to study the effect of both synchronous and asynchronous Hybrid Automatic Repeat Request (HARQ) on the peak data rates, user throughputs, spectrum efficiencies and coverage for uplink E-UTRA in various scenarios (centre frequencies, inter-site distances, penetration loss and user speeds).  For the uplink cellular system, we will use a low-PAPR single carrier transmission scheme (Single Carrier-FDMA) [3]. This scheme has been studied in [5], [6] and [7] and has been shown to satisfy the requirements for Evolved UTRAN and Evolved UTRAN specified in [4].  

In the document, we will model HARQ by symbol-level Chase combining. We will study two types of HARQ [11], [12]
· Synchronous, non-adaptive HARQ:  The transmission format (modulation scheme, number of resource blocks (RBs) and specific RB used) does not change. Retransmissions are scheduled on a specific timing sequence, with HARQ taking precedence over the scheduler at any point in time. Thus, the retransmission number of RBs, the RB allocation and the timing are all pre-defined. This scheme is defined by Type 1 in [12].
· Asynchronous, adaptive HARQ: The transmission format (modulation scheme, number of RBs and specific RBs used) can change. Retransmissions can be scheduled at any time later than the time needed to feedback the required information (NACK/ACK, RB used, HARQ process).  As we are using Chase combining, we assume that the modulation and RB size are fixed. However, the RB allocation is flexible. In this case, the scheduler takes precedence over the HARQ retransmissions. 

We will model the performance of Chase level symbol combining by the technique described in [8, section A4.4] in which the effective SINR of each channel is derived from the sum of the SINRs of the current re-transmissions and all previous transmissions.  and study the effect of HARQ on the system performance under various scenarios.
2
Scenarios 
In Table 1, we present the scenarios that will be studied. The scenarios include the E-UTRA simulation case minimum set specified in [2] and one additional case. They are defined by the centre frequencies (CF), inter-site distances (ISD), bandwidth (BW), Penetration Loss (PLoss) and speed. 
Table 1: Simulation Scenarios
	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	10
	20
	3

	2
	2.0
	500
	10
	10
	30

	3
	2.0
	1732
	10
	20
	3

	4
	0.9
	1000
	10
	10
	3

	5

	2.0
	1732
	10
	10
	30


3
Results

We will use the following metrics to quantify the system performance for each of the scenarios in Table 1. Each scenario will have results for no HARQ (NONE), synchronous HARQ (SYNC) and asynchronous HARQ (ASYNC).  The metrics are 
· Average user throughput

· Average data rate transmitted per UE (SEUE)

· Average spectrum efficiency

· Average data rate transmitted per subframe per sector (SEave)

· Coverage  

· 5% CDF of date rate transmitted per UE (SEcov)

· Peak data rates

· Peak data rate transmitted per UE (PeakUE).

· Peak data rate transmitted per subframe per sector (Peaksubframe)

These metrics have been specified in [4]. The UE is assumed to have 1 Tx antenna while each BS sector has 2 Rx antennas and performs Maximum Ratio Combining (MRC) on the received signal. Details on the simulation setup and parameters can be found in Section 4. 

3.1 Results with 1% BLER Adaptive Modulation and Coding (AMC)
We assume in this section that the system uses AMC with the cut-off point at 1 % (i.e. at any SINR, AMC modes that result in a BLER of more than 1% are not considered in the AMC selection). The results with PF scheduling are presented in Table 2. For each scenario, we show the results for NONE, SYNC and ASYNC HARQ. 
Table 2: Results for HARQ with a 1% BLER AMC Cut-off point
	Scenario
	Scheduling
	SEUE
	SEave
	SEcov
	PeakUE
	Peaksubframe

	1
	NONE
	0.0466
	0.8879
	0.0076
	0.3176
	2.4000

	1
	SYNC
	0.0488
	0.9563
	0.0100
	0.3656
	2.4000

	1
	ASYNC
	0.0469
	0.9513
	0.0102
	0.3050
	2.4000

	
	
	
	
	
	
	

	2
	NONE
	0.0474
	0.9062
	0.0189
	0.2659
	2.4000

	2
	SYNC
	0.0539
	1.0605
	0.0246
	0.3137
	2.4000

	2
	ASYNC
	0.0602
	1.1881
	0.0299
	0.2858
	2.4000

	
	
	
	
	
	
	

	3
	NONE
	0.0384
	0.7576
	0.0048
	0.1336
	1.9400

	3
	SYNC
	0.0506
	1.0173
	0.0076
	0.2371
	2.4000

	3
	ASYNC
	0.0571
	1.1399
	0.0021
	0.2691
	2.4000

	
	
	
	
	
	
	

	4
	NONE
	0.0407
	0.7589
	0.0051
	0.3730
	2.4000

	4
	SYNC
	0.0462
	0.9266
	0.0099
	0.3966
	2.4000

	4
	ASYNC
	0.0498
	0.9844
	0.0061
	0.4152
	2.4000

	
	
	
	
	
	
	

	5
	NONE
	0.0461
	0.8845
	0.0131
	0.1799
	2.4000

	5
	SYNC
	0.0542
	1.0679
	0.0148
	0.2225
	2.4000

	5
	ASYNC
	0.0609
	1.2299
	0.0081
	0.2711
	2.4000


3.2 Results with 10 % BLER Adaptive Modulation and Coding (AMC)

We assume in this section that the system performs AMC with the cut-off point at 1 % BLER for the no HARQ case and 10 % BLER for both HARQ cases. The use of HARQ allows for a more aggressive choice of AMC levels. We will study the effect of this on the network spectral efficiency. The results with PF scheduling are presented in Table 3. 
Table 3: Results for HARQ with a 10% BLER AMC

	Scenario
	Scheduling
	SEUE
	SEave
	SEcov
	PeakUE
	Peaksubframe

	1
	NONE
	0.0466
	0.8879
	0.0076
	0.3176
	2.4000

	1
	SYNC
	0.0534
	1.0863
	0.0148
	0.3611
	2.4000

	1
	ASYNC
	0.0490
	0.9702
	0.0095
	0.2702
	2.4000

	
	
	
	
	
	
	

	2
	NONE
	0.0474
	0.9062
	0.0189
	0.2659
	2.4000

	2
	SYNC
	0.0530
	1.1042
	0.0252
	0.3444
	2.4000

	2
	ASYNC
	0.0628
	1.2862
	0.0187
	0.2234
	2.4000

	
	
	
	
	
	
	

	3
	NONE
	0.0384
	0.7576
	0.0048
	0.1336
	1.9400

	3
	SYNC
	0.0551
	1.0898
	0.0071
	0.4040
	2.4000

	3
	ASYNC
	0.0517
	1.0813
	0.0016
	0.2630
	2.4000

	
	
	
	
	
	
	

	4
	NONE
	0.0407
	0.7589
	0.0051
	0.3730
	2.4000

	4
	SYNC
	0.0486
	0.9957
	0.0093
	0.3279
	2.4000

	4
	ASYNC
	0.0513
	1.0246
	0.0009
	0.2634
	2.4000

	
	
	
	
	
	
	

	5
	NONE
	0.0461
	0.8845
	0.0131
	0.1799
	2.4000

	5
	SYNC
	0.0571
	1.1358
	0.0170
	0.2203
	2.4000

	5
	ASYNC
	0.0662
	1.2999
	0.0069
	0.2089
	2.4000


3.2 Discussion
From Tables 2 and 3 we see the following
· Both SYNC HARQ and ASYNC HARQ result in an increase in all the metrics over the NONE HARQ case for all scenarios.

· The SEUE and SEave are larger for ASYNC than SYNC (except for Scenario 1). This advantage is reduced if the additional overhead necessary for ASYNC HARQ is taken into account (not quantified in this document). 

· The cell edge performance of ASYNC (SEcov) is worse than SYNC. This can be explained by viewing Figure 1. The interaction between SYNC HARQ and PF scheduling results in a shift in the user CDF to the right and an improvement in the performance of all users. With ASYNC however, it results in a change in the PF scheduling statistics and the PF scheduling factor has to be recalibrated to a fairer distribution. 

· Comparing the results in Tables 2 and 3, we see that relaxing the AMC constraint results in a further increase in the HARQ performance over the NONE HARQ case. HARQ allows for additional error in the AMC selection and a more aggressive AMC selection results in improved throughput.

3
Simulation Parameters and Setup
Table 4.  Simulation Assumptions

	Parameter
	Assumption

	SC-FDMA Receiver
	SC-FDMA with 2 Rx antenna Diversity

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance (ISD)
	500m, 1000m, 1732m [See Table 1]

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	10dB, 20dB  [See Table 1]

	Channel model
	Typical Urban (TU)

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	BS Antenna Gain plus cable loss
	14 dBi

	Carrier Frequency
	0.9GHz, 2.0GHz [See Table 1]

	Bandwidth
	10 MHz

	RB bandwidth
	375 kHz

	UE’s per Sector
	20

	UE speeds of interest
	3 km/h, 30km/h, 120 km/h [See Table 1]

	Minimum distance between UE and cell
	>= 35 meters

	Maximum UE TX power including PAPR backoff
	21 dBm [2]

	UE Traffic
	Full Buffer

	Noise Figure
	5dB

	Slow Power Control
	ON (Target = 20dB)

	AMC
	ON [See Table 5]

	Coding
	Release 6 Turbo Coding

	HARQ
	ON (synchronous, asynchronous)

	Channel-dependent scheduling
	Proportional Fair

	CQI processing delay (AMC, Scheduling and HARQ)
	Processing delay of 3 subframe

	Overhead Channels
	 1 symbol per subframe: 

Control, Feedback, Reference  symbols

	Data Channels
	6 symbols per subframe

	Resource Block Carrier Allocation
	Localized


4.1 Adaptive Modulation and Coding 

We use the Release 6 turbo coding specification as set in [1]. The AMC set used in the simulation is shown in Table 5. It models a 1 Tx by 2 Rx antenna system with MRC. The block error rate performance of the set assuming an information bit length that occupies a resource block made up of 5 time slots and 25 subcarriers each (125 modulation symbols) is shown in Figure 3 (Two time slots out of the 7 time slot available are used for control, feedback and reference symbol information). The corresponding spectral efficiency assuming no transmission for Block Error Rates greater than 10 % is shown in Figure 4. At every CINR, the modulation and code rate that gives the largest spectral efficiency is chosen. 
Table 5: AMC set

	Modulation
	4-QAM
	4-QAM
	4-QAM
	4-QAM
	16-QAM
	16-QAM
	16-QAM
	16-QAM

	Code Rate
	1/3
	1/2
	3/4
	5/6
	1/3
	1/2
	3/4
	5/6


4.2 Effective SIR Mapping for Carriers
It is necessary to map the Signal to Interference Ratio (SIR) of the subcarriers derived from the instantaneous fading channel to an effective SIR that will be used to predict the BLER performance for the different MCS from basic AWGN link-level performance curves [8] [9]. As opposed to the Exponential Effective SNR method used for OFDM, we will utilize the mapping function for SINReff in SC-FDMA with a FDE derived in [10]. This is given by 
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where SINRk is the SINR of the kth subcarrier in the subchannel and M is the number of subcarriers in the subchannel. SINReff is then mapped to the corresponding AWGN curve to obtain the corresponding PER. We will assume that we have one SC-FDMA symbol per RB. 

5
Conclusions

In this document we presented the uplink system level performance of an SC-FDMA system for synchronous and asynchronous HARQ using proportional fair scheduling. Synchronous HARQ is shown to improve the performance of the system with no change in PF parameters. Asynchronous HARQ shows an improvement in the average performance of the system but performs poorly at the cell edge with the current PF parameters. This has to be optimized to demonstrate the actual improvements possible. 
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Figure 1: CDF of the data rate transmitted per UE in scenario 5 with a 1% AMC cutoff.
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Figure 2: CDF of the data rate transmitted per subframe in scenario 5 with a 1% AMC cutoff.
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Figure 3: Block Error Rates for various AMC modes.
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Figure 4: Corresponding Spectral Efficiency for various AMC modes assuming R =0 if BLER < 1% or BLER < 10%



















































� Not a member of the minimum set of scenarios.





- 1/9 -

_1179921060.unknown

_1207657422.unknown

_1177244166.unknown

