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1
Introduction
In this document, we compare the DL SIMO system performance with adaptive asynchronous and synchronous HARQ.
2
Comparison of Asynchronous and Synchronous HARQ

Hybrid ARQ protocol is located in the eNode-B and allows for fast retransmissions of the data received in error. The HARQ protocol may be classified into:

· Time synchronous vs. asynchronous
· Retransmissions occur at pre-specified instants in time in a synchronous operation
· Adaptive vs. non-adaptive during retransmissions
In general, the fact that retransmissions can occur at any time allows for some flexibility, such as the possibility to use the channel sensitive transmission of retransmissions. 
The question is whether asynchronous adaptive HARQ can offer any benefit over synchronous HARQ in LTE DL. 
As stated in [2], we note the following:
· Since the 1st transmission is adaptive, the probability of having much better retransmission conditions are not very likely

· Operating point on DL (1st PER <= 10%) is such that tries to exploit link adaptation

· Not many retransmissions are usually necessary
· Potential gain of asynchronous adaptive HARQ is diminished
· Minimum retransmission time in LTE DL is smaller than what was assumed for R5 HSDPA

·  With 0.5ms and 6 HARQ interlaces, the minimum retransmission time is 3 ms
With such short latencies:

· The need for pre-emption is smaller

· Incoming high priority data can be buffered for ~5 ms

· The channel is semi-static across re-transmissions

· The channel coherence time is much larger than the re-transmission latency

· Channel adaptation gains are limited over re-transmissions

· Retransmissions can be done at the same/similar conditions as the first transmission

· Within the minimum retransmission time, the channel will significantly change only for very high speed users

· Link adaptation for high speed users is not possible, eliminating any potential gain of adaptive asynchronous HARQ
Therefore, taking all the above mentioned into account, it can be concluded that expected throughput difference between synchronous and asynchronous HARQ is negligible. 
On the other hand, the asynchronous HARQ has some disadvantages compared to the synchronous HARQ: 

· Increased signaling overhead
· HARQ process ID
· Redundancy version
· Longer reordering delay

· Time needed to wait in reordering entity may be longer, since HARQ retransmissions can occur at the arbitrary time

· Larger buffer requirements

· Larger number of packets has to be buffered in the reordering entity before they are put in order and sent to RLC

· Each retransmission has to be scheduled

· More downlink overhead

· Increased packet delay
2.1
System Performance
2.1.1
Simulation Assumptions

The simulation assumptions are in line with [1]. Some assumptions are given in the following tables:

	Parameter
	Explanation/Assumption

	Cellular layout
	19 Node-B, 3-cell sites

	Number of UEs per cell
	10 UEs 

	Antenna horizontal pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio

	Power allocated to data transmission
	100 % of total cell power

	Slow fading
	Log normal distribution

	Standard deviation of slow fading
	8 dB

	Correlation between sectors
	1.0

	Correlation between sites
	0.5

	BS antenna gain
	13 dB

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	HARQ scheme
	IR

	Maximum number of retransmissions
	3

	Number of HARQ interlaces
	6

	Scheduling algorithm
	Proportional Fair

	BS total Tx power
	46 dBm

	TTI length
	0.5 ms

	MCS feedback delay
	2 TTIs

	MCS feedback period
	2.5ms

	MCS selection
	<=10% of the raw BLER

	Number of subbands
	6 (corresponding to 1.5MHz localized allocation),

	Number of Rx antennas
	2

	Specific fast fading model
	Jakes spectrum

	Inter-cell interference modelling
	Serving cell and the three strongest interfering cells are modelled as mulitpath and spatially correlated processes
Remaining cells are modelled as single path Rayleigh fading

	Link to system interface
	20 AWGN curves used along with the corresponding payload adjustment and Doppler adjustment for high velocity channel; EESNR method to calculate supportable data rate and PER 

	Bandwidth
	10 MHz

	Sampling frequency
	15.36 MHz

	FFT size
	1024

	Number of occupied subcarriers
	600

	Number of overhead OFDM symbols per TTI
	2

	Number of OFDM symbols per TTI
	7


Table 1

Simulation Assumptions

The channel delay and power profiles are fixed for each specific channel model as given in Table 2.

	Channel Model
	Path 1 (dB)
	Path 2 (dB)
	Path 3 (dB)
	Path 4 (dB)
	Path 5 (dB)
	Path 6 (dB)

	TU
	-3 
	0
	-2
	-6
	-8
	-10


Table 2

Normalized Power Profile

The deployment scenarios are listed in Table 3.

	Scenario
	Carrier Frequency
	Site-to-site Distance

(m)
	Penetration Loss

(dB)
	Speed (km/hr)
	Propagation Model

	D1
	2 GHz
	500
	20
	3
	L = 128.1 + 37.6 Log10(R)

	D2
	2 GHz
	500
	10
	30
	L = 128.1 + 37.6 Log10(R)

	D3
	2 GHz
	1732
	20
	3
	L = 128.1 + 37.6 Log10(R)

	D4
	900 MHz
	1000
	10
	3
	L = 120.9 + 37.6 Log10(R)


Table 3

Deployment Scenarios

	Modulation
	Code Rate
	 factor

	QPSK
	1/3
	1.49

	QPSK
	2/5
	1.53

	QPSK
	½
	1.57

	QPSK
	3/5
	1.61

	QPSK
	2/3
	1.69

	QPSK
	¾
	1.69

	QPSK
	4/5
	1.65

	16QAM
	1/3
	3.36

	16QAM
	½
	4.56

	16QAM
	2/3
	6.42

	16QAM
	¾
	7.33

	16QAM
	4/5
	7.68

	64QAM
	1/3
	9.21

	64QAM
	2/5
	10.81

	64QAM
	½
	13.76

	64QAM
	3/5
	17.52

	64QAM
	2/3
	20.57

	64QAM
	17/24
	22.75

	64QAM
	¾
	25.16

	64QAM
	4/5
	28.38


Table 4:
Modulation and Code Rates

In case of synchronous HARQ operation, we assume the following:

· Retransmissions have higher priority than new transmissions

· Retransmissions occur exactly 3ms after the previous transmission
· Retransmissions occur on the same frequency sub-band as the previous transmission

In case of asynchronous HARQ, we assume the following:

· Retransmissions compete with the new transmissions for priority

· Retransmissions are scheduled at any time with a 3ms minimum retransmission time

· Retransmissions occur in any sub-band, when the user having the retransmission has the highest priority metric

In both cases, the number of tones used for retransmissions is the same as in the first transmission.

2.1.2
Results
The following tables outline the system performance for asynchronous and synchronous HARQ. 
No additional downlink overhead that would normally be present for asynchronous HARQ is taken into account in these simulations.
	Case
	Asynchronous HARQ
	Synchronous HARQ
	Throughput gain [%]

	
	Throughput [Mbps]
	1st sub-packet error rate [%]
	Packet delay [ms]
	Throughput [Mbps]
	1st sub-packet error rate [%]
	Packet delay [ms]
	

	D1
	16.3
	11.1
	1.75
	16.3
	10.4
	0.86
	0

	D2
	14.1
	18.7
	4.02
	13.9
	19.3
	1.36
	1

	D3
	15.0
	13.4
	2.08
	15.0
	12.4
	1.00
	0

	D4
	15.9
	11.5
	1.51
	15.9
	10.7
	0.89
	0


Table 5
Comparison of Throughput and Packet Delay
It can be seen that there is no throughput difference between asynchronous and synchronous HARQ operation for the considered deployment scenarios. 
The reason is that the retransmission time for synchronous HARQ is small (3ms) and no additional channel sensitivity gain can be obtained by using asynchronous HARQ. On the other hand, the packet delay increases for asynchronous HARQ.
Figure 1 shows the fairness curves for all considered cases.
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Figure 1: Fairness Curves
3
Summary
In this document, we presented the system performance of asynchronous and synchronous HARQ in downlink SIMO OFDMA system. It can be seen that even when no additional overhead for asynchronous HARQ is taken into account, there is no throughput difference between asynchronous and synchronous HARQ operation. On the other hand there is significant packet delay increase in the case of asynchronous HARQ.
Based on the results seen, we propose to adopt synchronous non-adaptive HARQ as the baseline HARQ scheme for the DL of E-UTRA. 
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