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1.
Introduction
RAN1#47 technically endorsed a set of HSDPA MIMO CRs to L1 specifications. One of those documents defined the coding for ACK/NACK messages in MIMO mode [1]. This contribution discusses further the coding and power setting of ACK/NACK transmissions in MIMO mode.
2.
ACK/NACK coding
The HARQ-ACK coding as agreed in RAN1#47 [1]:
Table 13B: Channel coding of HARQ-ACK when the UE is configured in MIMO mode
	HARQ-ACK
message to be transmitted
	w0
	w1
	w2
	w3
	w4
	w5
	w6
	w7
	w8
	w9

	HARQ-ACK in response to a single scheduled transport block

	ACK
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	NACK
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	HARQ-ACK in response to two scheduled transport blocks

	Response to primary transport block
	Response to secondary transport block
	

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

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

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

	NACK
	NACK
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0

	PRE/POST indication

	PRE
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0

	POST
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0


The hamming distances of the code words are as below:

Table 1. Codeword distances according to [1].

	
	ACK
	NACK
	{ACK ACK}
	{ACK NACK}
	{NACK ACK}
	{NACK NACK}
	PRE
	POST

	ACK
	0
	10
	-
	-
	-
	-
	7
	7

	NACK
	
	0
	-
	-
	-
	-
	3
	3

	{ACK ACK}
	
	
	0
	6
	6
	7
	6
	6

	{ACK NACK}
	
	
	
	0
	6
	7
	6
	6

	{NACK ACK}
	
	
	
	
	0
	7
	6
	6

	{NACK NACK}
	
	
	
	
	
	0
	3
	3

	PRE
	
	
	
	
	
	
	0
	6

	POST
	
	
	
	
	
	
	
	0


Our investigations did not find any code that would work better and thus we would like to confirm that the chosen coding for HARQ-ACK is a good one.
3.
ACK/NACK power setting in MIMO mode
The ACK/NACK field power setting of [2] needs to be extended to cover the MIMO mode. The specification text currently states that:
5.1.2.5A
Setting of the uplink HS-DPCCH power relative to DPCCH power

When an HS-DPCCH is active, the values for ACK, NACK and CQI set by higher layers are translated to the quantized amplitude ratios Ahs as specified in [3] subclause 4.2.1.2, and shall be set for each HS-DPCCH slot as follows.

For HS-DPCCH slots carrying HARQ Acknowledgement :

Ahs equals the quantized amplitude ratio translated from the signalled value ACK if the corresponding HARQ-ACK message is ACK;

Ahs equals the quantized amplitude ratio translated from the signalled value NACK if the corresponding HARQ-ACK message is NACK;

Ahs equals the quantized amplitude ratio translated from the greatest of the signalled values ACK and NACK if the corresponding HARQ-ACK message is PRE or POST.

Further the ACK/NACK is translated to a gain factor Ahs for HS-DPCCH transmission according to a table in [3] copied below. The steps correspond to 2 dB steps in the transmission power.
Table 1A: The quantization of the power offset 

	Signalled values for  ACK, ACK and CQI
	Quantized amplitude ratios  

Ahs =hs/c

	8
	30/15 

	7
	24/15 

	6
	19/15 

	5
	15/15 

	4
	12/15 

	3
	9/15 

	2
	8/15 

	1
	6/15 

	0
	5/15 


As it is more critical to avoid NACK-to-ACK errors it is suggested to use ACK only for ACK and ACK/ACK transmission and use NACK for NACK, ACK/NACK, NACK/ACK and NACK/NACK transmission. Furthermore the dual stream response requires a higher transmission power than the single stream response due to smaller hamming distance of the ACK/NACK code. Thus it is suggested to use a further  over the single-stream ACK/NACK power settings when a dual-stream ACK/NACK is being transmitted. The Ahs steps in the table 1A of [3] copied above correspond to roughly 2 dB steps 
When an HS-DPCCH is active, the values for ACK, NACK and CQI set by higher layers are translated to the quantized amplitude ratios Ahs as specified in [3] subclause 4.2.1.2, and shall be set for each HS-DPCCH slot as follows.

For HS-DPCCH slots carrying HARQ Acknowledgement :

Ahs equals the quantized amplitude ratio translated from the signalled value ACK if the corresponding HARQ-ACK message is ACK;

Ahs equals the quantized amplitude ratio translated from the signalled value NACK if the corresponding HARQ-ACK message is NACK;

Ahs equals the quantized amplitude ratio translated from the greatest of the signalled values ACK and NACK if the corresponding HARQ-ACK message is PRE or POST.
In the case the UE is configured to MIMO mode,

Ahs equals the quantized amplitude ratio translated from the signalled value ACK +1 if the corresponding HARQ-ACK message is ACK/ACK;

Ahs equals the quantized amplitude ratio translated from the signalled value NACK +1 if the corresponding HARQ-ACK message is ACK/NACK, NACK/ACK or NACK/NACK,

For compatibility reasons the table 1A in [3] may need to be extended to contain a hs/c for index 9. A value 38/15 would result with roughly 2 dB increment to 30/15 and could be the value of choice, or alternatively the hs/c could be capped to 30/15, which in practice should be a sufficiently large value for dual ACK/NACK transmission.
3.
Conclusions
This document confirmed the choice of the HARQ-ACK coding in MIMO mode and proposed a way for defining the transmission power for HS-DPCCH when dual ACK/NACK is transmitted.
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