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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 combing and/or incremental redundancy based coding combing (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 design 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.

In this contribution, more simulation results are provided to compare STBC-HARQ with conventional IR-HARQ as well as with chase combining. More specifically, a generalized MMSE receiver is exploited for STBC-HARQ which works for both low and high mobility, and it is also applicable to scenarios if re-transmission is from a different RB. From these simulation results two observations can be drawn:

· The proposed STBC-HARQ with MMSE receiver outperforms conventional IR-HARQ in low and medium mobility scenario.

· The proposed STBC-HARQ, which can be viewed as a special case of conventional Chase combining, provides better performance that chase combining at low/medium mobility scenarios. For scenarios of high mobility or re-transmission is from difference RB, it provides equal performance as conventional Chase combining.
2 HARQ Modes Description

Several HARQ modes for MIMO transmission are discussed in this contribution:

· FEC-based HARQ, or IR-HARQ
· Chase combining
· STBC-HARQ
2.1 IR-HARQ

IR-HARQ is a FEC based H-ARQ. For this type of HARQ, the redundant versions of re-transmissions are different versions of turbo code words.  They are combined together at turbo decoder to improve decoding performance.  FEC coding based incremental redundancy coding exploits coding gain when the code words of Turbo code are combined jointly as a lower code rate. However, such additional coding gain is limited [6]

2.2 Chase Combining

Chase combining is a symbol level re-transmission. At the receiver, re-transmitted symbols are combined with those from previous transmission either at receiver front end, or at LLR level before feeding into the channel decoder. For MIMO mode, there could exist different formats of chase combining re-transmission. For example, for 2x2 MIMO mode where there are two transmit antennas at Node-B and two receive antennas at UE, one can re-transmit symbols in two formats as shown in Figure 1. In format 1, the same symbols are re-transmitted on the same antennas as the original transmission. In format 2, re-transmitted symbols hop across antennas during the re-transmission. 
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Figure 1: Chase combining re-transmission formats for 2x2 MIMO
The chase combining mainly exploits time diversity gain. At the receiver, if combining is done at the receiver frond end, a ZF or MMSE receiver can be used for the purpose. 

2.3 STBC-HARQ

For STBC-HARQ, the re-transmitted symbols are formatted such that the re-transmitted symbols and previous transmitted symbols form STBC code, as illustrated in Figure 2. STBC-HARQ exploits additional time-space diversity gain. 
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Figure 2: STBC-HARQ
At the receiver, the well-known Alamouti decoder can be used which gives the optimal results if the mobility of UE is low. However, if the mobility of UE is high or re-transmission delay is too long, or if the re-transmission is from different RB, the orthogonality of STBC code deteriorates or is completely gone. In these scenarios, still to use conventional Alamouti decoder will introduce large performance degradation. To overcome this, a generalized MMSE receiver can be adopted to replace the conventional Alamouti decoder. As shown in simulation results, this generalized MMSE receiver is capable of providing similar performance as Alamouti decoder at low mobility, while keeps the same performance as Chase combining for other scenarios when the orthogonality of STBC code is weak or gone. 
3 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
	ITU VA,  PB

	Coding
	Turbo Coding

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

	Coding rate
	1/3, ½, 2/3 and 4/5



	Modulations
	QPSK and QAM-16

	Re-transmission Delay
	3 TTI



	SNR
	Subband short term SNR

	Receiver
	MMSE for IR-HARQ and chase combining; MMSE and Alamouti for STBC-HARQ


Table 1: Simulation parameters
4 Simulation Results

The simulation results are organized into several sub-sections to show the performance comparison among above-mentioned HARQ modes. The link level BLER vs SNR curves are illustrated. For comparison simplicity, only the re-transmission (2nd transmission) curves are plotted. 

4.1 IR-HARQ vs STBC-HARQ

To compare the performance between IR-HARQ and STBC-HARQ, coding rate  r = 2/3 is used. From mother code rate 1/3, three quarters of parity bits are punctured in the encoder. During IR-HARQ retransmission, those punctured bits are transmitted to be combined with the soft bits from the first transmission to accomplish r = 1/3 rate decoding. MMSE receiver is used for IR-HARQ. For STBC-HARQ, the Alamouti decoder and a generalized MMSE decoder are used for comparison. Both QPSK and QAM-16 modulation are simulated.
4.1.1 Re-transmission from the same RB.  
Figure 3  to Figure 5 shows the results for VA 30 km/hr, 60 km/hr and 100 km/hr respectively when re-transmission is from the same RB.
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Figure 3: IR-HARQ vs STBC-HARQ at VA 30 km
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Figure 4: IR-HARQ vs STBC-HARQ at VA 60 km
[image: image5.emf]HARQ Comparison: 2-Tx & 2-Rx, ITU VA 100 km,  Re-Trans Delay: 3 Sub-frame  , 

1 RB (25-sub-carr), Subband Short term SNR

1.00E-02

1.00E-01

1.00E+00

-3.00 -2.00 -1.00 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

SNR (Subband Short Term)

Second Trans (IR-HARQ): QPSK, r=1/3,  MMSE Second Tran (STTD-HARQ): QPSK, r=2/3, Alamouti

Second Tran (STTD-HARQ): QPSK, r=2/3, Generalized: MMSE Second Trans (IR-HARQ): QAM-16, r=1/3,  MMSE

Second Tran (STTD-HARQ): QAM-16, r=2/3, Alamouti Second Tran (STTD-HARQ): QAM-16, r=2/3, Generalized: MMSE


Figure 5: IR-HARQ vs STBC-HARQ at VA 100 km
4.1.2 Re-transmissions from different RB

For scenario where re-transmission is from different RB, Figure 6 illustrates the result. 
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Figure 6: IR-HARQ vs STBC-HARQ at PB 3 km, Re-trans is from different RB

4.1.3 Observations

From the simulation results provided in this sub-section, several observations can be made:

· In scenario where re-transmission is from the same RB, STBC-HARQ with MMSE outperforms IR-HARQ at low/medium mobility (<= 60 km/hr). However, at high mobility (>100 km/hr) IR-HARQ performs better than STBC-HARQ. This is because at low/medium mobility, STBC-HARQ can obtain extra gain from the orthogonality of STBC code it forms through the re-transmission. At high mobility, this orthogonality is gone and therefore, this extra gain is eliminated. On the contrary, the IR-HARQ could pick up extra time diversity gain when mobility is high. 

· For STBC-HARQ, conventional Alamouti decoder provides close performance as generalized MMSE receiver only at low speed. When mobile speed increases, Alamouti decoder performance degrades very fast. This is because Alamouti decoder assumes perfect orthogonality in STBC codes. When mobile speed gets higher, this orthogonality becomes weaker and therefore, a generalized MMSE receiver should be used to maintain the performance. 

· For scenario where re-transmission is from different RB, IR-HARQ generates better performance than STBC-HARQ. This is due to the simple fact that no orthogonality exists among first and re-transmit symbols in STBC-HARQ, and therefore, no extra gain it can exploit. 

Based on above observation, some adaptive HARQ procedure could be beneficial to switch between IR-HARQ and STBC-HARQ to fully exploit gain of these two HARQ schemes.

4.1.4 Implementation Consideration 

The implementation complexity between IR-HARQ and STBC-HARQ is in fact quite close if both employ MMSE receivers.  

4.2     Chase Combining vs. STBC-HARQ

Chase combining is considered as a special case of IR-HARQ in current TR. It could be useful when coding rate is low and therefore there is no extra coding gain to explore for IR-HARQ. In our simulation for chase combining, the symbols of first and re-transmission are combined at frond end using a MMSE receiver.

4.2.1 Format 1 and Format 2 Chase Combining

As described in Sec ‎2.2, for MIMO mode, there could exist different formats for Chase combining re-transmission. Simulation is done to compare performance between these different formats of Chase combining.  As an example, Figure 7 shows the performance curves of two formats of Chase combining for 2x2 MIMO. From the plot, one can notice that format 2 Chase combining outperforms format 1 Chase combining. This is because for format 2 Chase combining, re-transmitted symbols are hopped across antennas during re-transmission and therefore, exploit not only the time diversity but also the spatial diversity.  
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Figure 7: Comparison between two different formats of chase-combining for 2x2 MIMO

4.2.2 Chase Combining vs STBC-HARQ

As shown in Sec ‎4.2.1 that format 2 chase combining perform better than format 1 Chase combining for 2x2 MIMO mode. In the following performance comparison between Chase combining and STBC-HARQ, format 2 Chase combining is assumed.  

4.2.2.1 Re-transmission from the same RB

For scenario where re-transmission is from the same RB, Figure 8 to Figure 14 shows simulation results for VA, 3 km/hr, 30 km/hr, 100 km/hr and 350 km/hr, respectively. Both QPSK and QAM-16 are simulated for all cases except for VA 100 km/hr, where only QPSK is simulated. Each plot contains the curves for different coding rate, r = 1/3, ½, 2/3 and 4/5. 
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Figure 8: Chase Combining vs STBC-HARQ, QPSK,  VA 3km/hr
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Figure 9: Chase Combining vs. STBC-HARQ, QAM-16,  VA 3km/hr
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Figure 10: Chase Combining vs STBC-HARQ, QPSK,  VA 30 km/hr
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Figure 11: Chase Combining vs STBC-HARQ, QAM-16,  VA 30 km/hr
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Figure 12 Chase Combining vs STBC-HARQ, QPSK,  VA 100 km/hr
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Figure 13: Chase Combining vs STBC-HARQ, QAM-16,  VA 100 km/hr
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Figure 14: Chase Combining vs STBC-HARQ, QPSK,  VA 350 km/hr
4.2.2.2 Re-transmission from different RB

For scenario where re-transmission is from different RB, Figure 15 and Figure 16 contain the results for QPSK and QAM-16 respectively. The channel used is ITU VA 30 km/hr. 
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Figure 15: Chase Combining vs STBC-HARQ, QPSK,  VA 30 km/hr, Re-trans from different RB
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Figure 16: Chase Combining vs STBC-HARQ, QAM-16,  VA 30 km/hr, Re-trans from different RB
4.2.3  Observations

From the simulations results presented in this sub-section, several observations can be made as follows:

· For chase Combining in MIMO mode, there could exist different format of re-transmission, additional spatial diversity can be exploited if antenna hopping is done during the re-transmission, investigation should be done to choose the one giving the best performance,    For 2x2 MIMO mode, the format 2 Chase combining gives better performance than format 1 Chase combining.

· Comparing performance between the Chase combining (format 2) and STBC-HARQ, it is obvious that at low mobility, STBC-HARQ outperforms Chase combining. This is due to the extra time-space diversity gain STBC-HARQ exploits. 

· For high mobility or re-transmission from different RB scenarios, STBC-HARQ provides close, but no worse performance than the Chase combining.  This is because that in these scenarios, STBC-HARQ lose orthogonality and therefore no extra gain can be exploited. However, in these scenarios, STBC-HARQ just degrades into a special case of conventional Chase combining, and thus, still provides the same performance as the Chase combining. 

4.2.4 Implementation Consideration 

Considering implementation complexity for chase combining and STBC-HARQ, there is in fact no difference if Chase combining uses MMSE at receiver to achieve combining at the front end while STBC-HARQ also uses a MMSE receiver.  
5 Summary and Conclusion

The performance comparisons illustrated in the previous section are summarized in a number of tables. 

	Performance gain for STBC-HARQ over IR-HARQ
	SNR  (dB)

	ITU VA 30 km, Same RB
	QPSK
	1.5

	
	QAM-16
	2.5

	ITU VA 60 km, Same RB
	QPSK
	0.5

	
	QAM-16
	2

	ITU VA 100 km, Same RB
	QPSK
	-1

	
	QAM-16
	-1

	ITU PB 3 km, Different RB
	QPSK
	-1.5

	
	QAM-16
	-1


Table 2:  Performance gain for STBC-HARQ over IR-HARQ for 2x2 MIMO

Table 2 contains the performance gain of STBC-HARQ over IR-HARQ summarized from Figure 3 to Figure 6 in section ‎4.1. Table 3 contains the performance gain of STBC-HARQ over chase combining summarized from Figure 8 to Figure 16 in section ‎4.2.

	Performance gain for STBC-HARQ over Chase Combining (format -2)
	SNR (dB)

	
	R=1/3
	R=1/2
	R=2/3
	R=4/5

	ITU VA 3 km, Same RB
	QPSK
	1.5
	2.5
	3
	4

	
	QAM-16
	3
	3
	4.5
	5

	ITU VA 30 km, Same RB
	QPSK
	1.2
	2.2
	2.6
	3

	
	QAM-16
	2.5
	2.5
	4
	4.5

	ITU VA 100 km, Same RB
	QPSK
	0
	0.5
	0.6
	0.7

	
	QAM-16
	negligible
	negligible
	negligible
	negligible

	ITU VA 350 km, Same RB
	QPSK
	negligible
	negligible
	negligible
	negligible

	ITU VA 30 km, Different  RB
	QPSK
	negligible
	negligible
	negligible
	negligible

	
	QAM-16
	negligible
	negligible
	negligible
	negligible


Table 3: Performance gain for STBC-HARQ over Chase Combining for 2x2 MIMO
The conclusions drawn from this contribution can be summarised as follows:

· 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.

· For MIMO mode, STBC-HARQ outperforms Chase combining at low and medium mobility. For high mobility or re-transmission from difference RB scenarios, it still sustains similar performance as the Chase combining. As a result, we recommend standard to consider STBC-HARQ as an enhanced scheme of Chase combining to benefit extra gain at low/medium mobility while maintaining the same performance at the rest scenarios.  

In summary, as a variation form of HARQ schemes agreed in current TR, STBC-HARQ provides additional gain specifically for low and medium speed UE. We recommend adopting STBC-HARQ as a special case of Chase combining.
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