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1 Introduction

In this document we propose a suitable coding scheme for the ACK/NACK transmissions on the HS-DPCCH for Rel-7 FDD MIMO.

2 ACK/NACK information to be transmitted

2.1 Release 6 background

In Release 6, four possible codewords may be transmitted in the HARQ-ACK field on the HS-DPCCH. These are:

	ACK
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	NACK
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	PRE
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0

	POST
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0


Table 1: Rel-6 HARQ-ACK codewords

The PRE and POST codewords are only transmitted at the beginning and end respectively of each burst of HS-DSCH packets, allowing the Node B at least two subframe durations to determine whether the UE detected the HS-SCCH signalling. If the Node B receives PRE or POST when it is expecting ACK or NACK, a retransmission is required in the same way as if the UE had transmitted NACK. For this reason, the Hamming distance between PRE and NACK and between POST and NACK is much smaller than between ACK and NACK.

2.2 Release 7 MIMO

2.2.1 Discussion of requirements

For MIMO in Rel-7, up to two HS-DSCH transport blocks may be transmitted to the UE simultaneously. Consequently up to two ACK/NACKs need to be transmitted in each HARQ-ACK field on the HS-DPCCH. 

We assume that the UE will either detect the HS-SCCH signalling or not; i.e. either two packets will be ACK/NACK’ed if the UE detected the HS-SCCH, or no packets will be ACK/NACK’ed if the UE failed to detect the HS-SCCH. 

Further, we assume that the UE is able to distinguish reliably between single-stream and dual-stream transmission (as the HS-SCCH is protected with a CRC), and therefore the Node B knows in each subframe whether it should receive one ACK/NACK or two ACK/NACKs if the UE detected the signalling. 

It has been observed that when the UE is in MIMO mode, the HS-DSCH transmissions are likely to be characterised by a higher proportion of long bursts of transmission. It is under these circumstances that the greatest benefit is achieved from having PRE/POST configured, as the Node B does not have to distinguish DTX during the long bursts, and the number of additional slots in which the UE has to make an HS-DPCCH transmission is minimised. Consequently, it makes sense to continue to support the PRE/POST codeword configuration when the UE is in MIMO mode. 

2.2.2 Code design

In the light of the above considerations, we now consider the HARQ-ACK field code design for the two cases, when the UE is acknowledging a single-stream transmission, and when the UE is acknowledging a dual-stream transmission.

When the UE is acknowledging a single-stream transmission, the codewords transmitted in the HARQ-ACK field should be as shown in Table 1, for consistency with Rel-6. 

When the UE is acknowledging a dual-stream transmission, the possible information words to be transmitted would be as follows:

	ACK
	ACK

	ACK
	NACK

	NACK
	ACK

	NACK
	NACK

	PRE

	POST


The codewords for PRE and POST should remain identical to Rel-6, for consistency with the single-stream acknowledgement sub-frames. 

It is also logical for the Hamming distance between PRE/POST and NACK+NACK to remain the same as in Rel-6.

The other 3 codewords then need to be represented with adequate Hamming distance from the codewords for NACK+NACK, PRE and POST. 

Two proposals have so far been made: a simple repetition code with a minimum Hamming distance of 5, and a (10,2,6) block code with a Hamming distance of 6 between all pairs codewords [1].

In Table 2 we show a similar code to the one proposed in [1], which also has a minimum Hamming distance of 6 for the ACK/NACK codewords, but has a slightly larger distance of 7 between some codewords including the most important ACK+ACK to NACK+NACK distance. This code also accommodates the Rel-6 PRE/POST codewords, with the same Hamming distance from NACK+NACK as from NACK in Rel-6. 

	NACK NACK
	0 0 0 0 0 0 0 0 0 0

	PRE
	0 0 1 0 0 1 0 0 1 0

	POST
	0 1 0 0 1 0 0 1 0 0

	ACK NACK
	1 0 1 1 1 1 1 1 0 0

	NACK ACK
	1 1 0 1 1 1 0 0 1 1

	ACK ACK
	1 1 1 0 0 0 1 1 1 1


Table 2: Proposed coding for Rel-7 MIMO HARQ-ACK field

3 Simulation Results

Simulation results for the proposed code in AWGN are shown in Figure 1. For comparison, the results for the repetition code and (10,2,6) code are also shown. The measured BLER is the average error rate between any codeword containing at least one ACK and any of NACK+NACK, PRE or POST, and between NACK+NACK, PRE or POST and any codeword containing at least one ACK. 

It can be seen that the performance of the proposed code is as good as the performance of the (10,2,6) code and about 0.5dB better than pure repetition, while also accommodating the Rel-6 PRE/POST codewords.  
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Figure 1: BLER vs Eb/No for HARQ-ACK code for Rel-7 MIMO

4 Conclusions

In this contribution we propose a suitable code for the HS-DPCCH HARQ-ACK field for Rel-7 MIMO, which retains the possibility to transmit the Rel-6 PRE/POST codewords, and gives better performance than pure repetition. 

We propose that this code is adopted as a working assumption. 
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� Note – There is a 3dB offset here compared to the results in [1], as we are here calculated Eb by treating the whole HARQ-ACK field as a single codeword. 





