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1 Introduction
For UMTS LTE downlink MIMO mode transmission, when packet in error, the basic Turbo coding based re-transmission can be employed.  Such a re-transmission can be based on Chase combining and/or incremental redundancy based coding combining (as per Rel5) to exploits the time-diversity ‎[1].  However, in the MIMO mode, additional space-time diversity in the packet re-transmission can be explored.  The re-transmitted packet can be designed as a space time code words so that the receiver can treat the packet re-transmission as decoding a space time code, therefore, additional gain can be gained. Such a re-transmission can be designed as redundancy version in space-time coding domain. The simplest version is the space time block code (STBC). 

At Seoul meeting, a STBC based HARQ approach for two transmit antennas was presented in R1-051426 ‎[2]. At Helsinki meeting, an orthogonality based retransmission for four transmit antennas was further proposed in R1-060149 ‎[3]. At Denver meeting, a generalized decoder is proposed in R1-060646 ‎[4] to improve STBC based HARQ performance at high mobile speed or when re-transmission is from different resource block (RB). However, simulation results were not given at the time. At Athens meeting, some simulation results are presented in R1-060897 ‎[5], which shows that STBC based HARQ provides extra gain over the conventional time-diversity based HARQ such as incremental redundancy (IR) HARQ at low mobility.  At Cannes RAN 1 Ad-Hoc meeting, more simulation results are provided in R1-061853 [6] to compare STBC-HARQ with conventional IR-HARQ as well as with chase combining (CC-HARQ) and the observation drawn from there is that the proposed STBC-HARQ provides better performance that chase combining for low/medium mobility scenarios. 

In this contribution, additional simulation results are presented for multiple re-transmissions, which shows that the STBC-HARQ provide consistent gain over CC-HARQ through multiple re-transmission. The MMSE receivers for STBC-HARQ and CC-HARQ are also discussed which shows they have the same complexity.  

2 Multiple Re-transmission Format 

Table 1 shows how the symbols are transmitted for STBC-HARQ during multiple transmissions and Table 2 illustrated that for CC-HARQ. As you can see from the table, CC-HARQ swaps symbols across the antennas alternatively during re-transmissions to exploit the spatial gain.  
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Table 1: STBC-HARQ with multiple Transmssion

	Transmission
	Tx-1
	Tx-2

	Time 1
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Table 2: CC-HARQ with multiple transmission

3 MMSE Receivers
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At UE, the MMSE receivers can be used for both STBC-HARQ and CC-HARQ. The formulation of such MMSE receivers can be expressed as follows

  (Eq. -1)

Where 
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 is the transmission index and in particular 
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represents the original (or first) transmission. 
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are estimated transmitted symbols. 
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is the noise variance measured in frequency domain. 
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are vectors formed by the received signal and 
[image: image22.wmf])

(

k

H

are equivalent channel matrices. 

It should be emphasized that both STBC-HARQ and CC-HARQ use the same MMSE receiver as shown in Eq-1 with  slightly difference in forming 
[image: image23.wmf])

(

~

k

r

 and 
[image: image24.wmf])

(

k

H

(sign and conjugate operation).  It is therefore fair to conclude that the complexity of  MMSE receivers for STBC-HARQ and CC-HARQ are the same. 

4 Simulation Parameters

The following parameters are used to simulate the performance of these schemes.

	System bandwidth
	10 MHz

	FFT size
	1024

	Sampling frequency
	15.36 MHz



	Channels
	TU 

	Coding
	Turbo Coding

	Coding block size
	One RB (25 sub-carr x 6 OFDM symbols)

	Coding rate
	1/3, ½


	Modulations
	QPSK and QAM-16

	Re-transmission 
	From the same RB, re-transmission delay is 3 sub-frame 


	SNR
	Subband short term SNR

	Receiver
	MMSE 


Table 3: Simulation parameters
5 Simulation Results

The simulation results presented are the link level BLER vs SNR curves. Different mobile speeds are  simulated, which include 3 km, 30 km and 100 km. Figure 1 and Figure 2 depicts QPSK, r=1/3 and QAM-16, r=1/3 for mobile speed of 3 km.  Figure 3 and Figure 4 illustrate those for mobile speed of 30 km and Figure 5and Figure 6 are those for mobile speed of 100 km.
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Figure 1: STBC-HARQ vs CC-HARQ for QPSK, r=1/3, TU 3km

[image: image26.emf]HARQ Comparison: 2-Tx & 2-Rx, TU 3 km,  QAM-16 r = 1/3 , 3 sub-frame Re-trans Delay , One RB (25-
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Figure 2: STBC-HARQ vs CC-HARQ for QAM-16, r=1/3,  TU 3km
[image: image27.emf]HARQ Comparison: 2-Tx & 2-Rx, TU 30 km,  QPSK r = 1/3 , 3 sub-frame Re-trans Delay , One RB (25-

sub-carr), MMSE receiver

1.00E-04

1.00E-03

1.00E-02

1.00E-01

1.00E+00

-10.00 -8.00 -6.00 -4.00 -2.00 0.00

SNR (Subband Short Term)

Second Trans: CC-HARQ Second Trans: STBC-HARQ Third Trans: CC-HARQ 

Third Trans: STBC-HARQ Fourth Trans: CC-HARQ Fourth Trans: STBC-HARQ


Figure 3: STBC-HARQ vs CC-HARQ for QPSK, r=1/3, TU 30 km
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Figure 4: STBC-HARQ vs CC-HARQ for QAM-16, r=1/3,  TU 30 km
[image: image29.emf]HARQ Comparison: 2-Tx & 2-Rx, TU 100 km,  QPSK r = 1/3 , 3 sub-frame Re-trans Delay , One RB 

(25-sub-carr), MMSE receiver
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Figure 5: STBC-HARQ vs CC-HARQ for QPSK, r=1/3, TU 100 km
[image: image30.emf]HARQ Comparison: 2-Tx & 2-Rx, TU 100 km,  QAM-16 r = 1/3 , 3 sub-frame Re-trans Delay , One RB 
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Figure 6: STBC-HARQ vs CC-HARQ for QAM-16, r=1/3,  TU 100 km
From the plots, it can be noted that STBC-HARQ shows consistent gain over CC-HARQ through multiple re-transmission at low mobility.  With mobile speed increases, these gains are getting smaller.  For high mobility, its performance is the same as CC-HARQ.
Table 4 summarizes the gain of STBC-HARQ over CC-HARQ for different channel and different mobile speeds. Some results are presented before in [6].
	Performance gain of STBC-HARQ over CC-HARQ
	SNR (dB)

	
	R = 1/3
	R = 1/2

	ITU VA 3 km
	QPSK
	1.5
	2.5

	
	QAM-16
	3
	3

	TU 3 km
	QPSK
	1
	2

	
	QAM-16
	2.5
	3

	ITU VA 30 km
	QPSK
	1.2
	2.2

	
	QAM-16
	2.5
	2.5

	TU 30 km
	QPSK
	0.8
	1.2

	
	QAM-16
	1.5
	1.7

	ITU VA 100 km
	QPSK
	0
	0.5

	
	QAM-16
	Negligible
	Negligible

	TU 100 km
	QPSK
	Negligible
	Negligible

	
	QAM-16
	Negligible
	Negligible


Table 4: Performance gain of STBC-HARQ over CC-HARQ for 2x2 SM
6 Signalling

From the simulation results presented in this contribution and in [6], it can be concluded that STBC-HARQ outperforms IR-HARQ and CC-HARQ at low/medium mobility and provides same performance as CC-HARQ at high mobility. Therefore, STBC-HARQ should be considered for E-UTRA to enhance the performance. 

There are two ways to include STBC-HARQ in E-UTRA. One way is to include it in addition to existing IR-HARQ and CC-HARQ and use it at low/medium mobility scenario. By doing so, extra control signaling is required to indicate HARQ modes. 

Another way is to use it as a generalized CC-HARQ as STBC-HARQ can always provide better or same performance as CC-HARQ. By doing so, the modes of HARQ will still be kept the same as before, namely, IR-HARQ and generalized CC-HARQ and no extra signaling is required. 

7 Scheduling

Conventional CC-HARQ could put some requirement on scheduling to maximum gain from HARQ re-transmission. With using STBC-HARQ, this requirement on scheduling can be alleviated as STBC-HARQ can always provide better or at least the same performance as CC-HARQ.
8 Closed-loop Precoding

The similar STBC-HARQ scheme can also be applied to closed-loop precoding mode, which will mainly benefit from swapping re-transmitted symbols across different eigenmodes of channel matrix to exploit diversity gain across layers. 
9 Discussion and Conclusions

Based on the analysis and simulation results presented in this contribution and some previous ones [6], several conclusions can be made or reiterated as follows:

1. For MIMO mode, STBC-HARQ with MMSE receiver outperforms IR-HARQ at low and medium mobility. For high mobility or re-transmission from different RB scenarios, IR-HARQ has the advantage. An adaptive HARQ procedure could bring more benefits by switching between them under different conditions.

2. STBC-HARQ provides considerable and consistent gain over CC-HARQ through multiple re-transmissions at low/medium mobility. For high mobility or re-transmission from different RB, it maintains the same performance as CC-HARQ.

3. The MMSE receiver of STBC-HARQ has the same complexity of that for CC-HARQ.

4. No additional signaling is required if STBC-HARQ is used as a generalized CC-HARQ for 2x2 SM configuration. 

5. The use of STBC-HARQ will alleviate the requirement on scheduler during re-transmission.

6. The STBC-HARQ can be applied to closed-loop pre-coding mode. 

7. The considerable gain of STBC-HARQ over CC-HARQ at link level could lead to higher system throughput. 

We therefore highly recommend that STBC-HARQ being adopted by E-UTRA.  

References

[1] : 3GPP TR 25.814, v.5.0., “3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Physical Layer Aspects for Evolved UTRA”,  May, 2006

[2] : R1-051426, “Space Time Block Coding Based H-ARQ”,  Nortel,  Seoul meeting, Nov 2005
[3] : R1-060149, “Space Time Block Coding Based H-ARQ for Four Transmit Antennas”, Nortel, Helsinki meeting, Jan 2006

[4] :  R1-060646, “Update on MIMO and HARQ interactions”, Nortel, Denver meeting, Feb, 2006
[5] :  R1-060897, “STBC based HARQ with Simulation Comparison”, Nortel, Athens meeting, March 2006
[6]   R1-061853, “STBC-HARQ for E-UTRA DL”, Nortel, Cannes Ad-Hoc meeting, June 2006
� EMBED Equation.3  ���























[image: image32.wmf](

)

)

(

)'

(

1

)

(

)'

(

2

)

(

~

~

k

k

k

k

n

k

r

H

H

H

I

S

-

+

=

s

_1217406582.unknown

_1217407213.unknown

_1217407290.unknown

_1217407872.unknown

_1217408298.unknown

_1217407460.unknown

_1217407220.unknown

_1217406606.unknown

_1217406612.unknown

_1217407017.unknown

_1217406600.unknown

_1217406155.unknown

_1217406178.unknown

_1217406179.unknown

_1217406160.unknown

_1217406177.unknown

_1217406099.unknown

_1217406105.unknown

_1217406079.unknown

