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1. Introduction

This paper evaluates the comparison of synchronous and asynchronous HARQ for open loop downlink MIMO in EUTRA on a link level.  Figure 1 shows the 2x2 MIMO with vertical encoding scheme considered here. 
We assume an “open loop” transmission scenario in the DL , i.e. Per Antenna Rate Control (PARC) [2] type adaptation of the modulation and coding scheme (MCS) level is not done. Thus, the same modulation and coding scheme (MCS) is transmitted in both the streams. 
In both HARQ schemes, it is assumed the required VRBs are randomly allocated at the beginning of the first transmission. However for asynchronous HARQ, VRBs are reallocated randomly in addition during each retransmission. The random allocation of VRBs is done to simulate a proportional fair scheduling algorithm. We assume no AMC in order to isolate the effect of the HARQ schemes.
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Figure 1. 2x2 MIMO spatial multiplexing with Vertical Encoding.

2. DL Numerology and simulation parameters
	Carrier frequency
	1.9 GHz

	Sampling frequency
	7.68 MHz

	Number of total OFDM sub-carriers
	512

	Sub-carrier spacing
	15 kHz

	Number of used sub-carriers (including DC)
	301

	OFDM symbol duration
	68  s

	Subframe duration
	7 OFDM symbols = 0.50 ms

	Number of carriers per subchannel/resource block
	25

	Subchannel carrier mapping
	Localized or distributed

	Total Number of subchannels
	12

	Used number of subchannels
	3 (=  75 subcarriers)

	Pilot and control 
	1st OFDM symbol only

	Channel estimation 
	Non-ideal


The OFDM parameters used are specified in the table above and are in accordance to [1]. In our simulations, we assume that the 1st OFDM symbol carriers the pilot and control data, only six OFDM symbols are available from data transmission. Channel estimation is performance using MMSE methods.
In the transmission schemes, comparison is made between the two schemes assuming localized mapping carriers to each virtual resource block (VRB). 

The simulation parameters are described below:
Modulation: QPSK 
One turbo code block per TTI over used subchannels (based on UTRA Release 6 specifications)
Number of subchannels used for transmission = 3
Code rate = ½ rate turbo code

Channel conditions = GSM 6-ray Typical Urban, at 60 km/hr and 250 km/hr
Receiver structure – Minimum Mean Square Error (MMSE)  

Channel estimation – MMSE based

MIMO channel model = Kronecker model, with exponentially decaying correlation parameterized by the transmit and receive parameters ρt and ρr, the channel correlation is given by 
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3. HARQ

For synchronous HARQ, we assume that the VRBs are randomly reallocated for every new TTI, however it remains the same for each retransmission. For asynchronous HARQ, we assume that the VRB allocation is also done randomly for every re-transmission. The retransmission delay is uniformly spread between 3 and 8 TTI lengths, which simulates a system with 10 users each being allocated 3 subchannels for each transmission using a proportional fair scheduling mechanism.


We do not assume any adaptive modulation and coding (AMC) in order to isolate the effects of HARQ.
4. Simulation Results
Figure 2 shows the spectral efficiency(SE) plots of the two HARQ schemes at 3 km/hr. We observe that the asynchronous method provides gains compared to the synchronous HARQ only at lower spectral efficiencies / SNRs - these gains are expected from the adaptation/random allocation of the VRBs over the retransmissions, which provides additional frequency diversity.
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Figure 2. SE comparison of asynch and synch HARQ for 2x2 MIMO with 4-QAM, 60km/hr, TU channel, with i.i.d (ρt=0 and ρr=0).

Figure 3 shows the spectral efficiency (SE) plots of the two HARQ schemes at 60 km/hr for both i.i.d and high spatial correlations. Observe that there is no performance gain for asynchronous in this case, since at high speeds even for synchronous HARQ the packet sees independent channels during each re-transmission due to high Doppler even though the VRB doesn’t change. 
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