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1 Introduction
At RAN1 #61, the following decisions related to uplink feedback design for general cases of 4C-HSDPA was agreed [1]
· Adopt SF128 for HS-DPCCH for all cases when 3 or 4 carriers are configured

· …

· The ACK/NACK and CQI/PCI information is remapped and repeated when only 1 or 2 carriers remain activated
· ….

· A Rel-10 3C/4C-HSDPA UE, when configured with single or dual cells with or without MIMO should use the legacy HS-DPCCH physical layer design (channel coding, spreading factor, modulation, CQI reporting) as specified in previous releases (Rel-5 through Rel-9)

and for CQI reporting:
· Min CQI reporting period:

· 4ms also for 3C w/o MIMO

· ...
The decision for the special case of 3C configured w/o MIMO was left open for further study with the following alternatives:
· Alt 1: SF128

· Alt 1a: Re-use Rel-9 codebook

· Alt 1b: New codebook

· Alt 2: SF256

· Alt 3: SF128 except for UEs of a category limited to 3C w/o MIMO

· Choice of codebook FFS

In this contribution, we provide further considerations of the HS-DPCCH design for the 3C special case, with focus on backward compatibility aspect by exercising design of a Release 8 backward-compatible ACK/NACK codebook.

2 Discussion
2.1 HS-DPCCH design options for the 3C special case
In this section we discuss details of the HS-DPCCH design for ACK/NACK reporting for the special case of 3C w/o MIMO in terms of our understanding of the three alternatives presented at the last meeting.
Option 1

Following the decision for the general case, use SF=128 as the channelization structure and reuse the DC codebook from Release 8 (A/N(10) represents the ACK/NACK codebook of 10 codewords) for the first two carriers and SC codebook (A/N(4)) for the third carrier as show in the following figure:
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This option corresponds to Alt 1a among the FFS alternatives listed in the working assumption.

We also note that though it may also be possible to reuse a subset of the Release 9 DC+MIMO codebook, this alternative is not considered in this document because the codebook was not originally designed for non MIMO scenarios.  
Option 2
Use SF128 and design a 10 bit codebook of 28 ACK/NACK (including PRE/POST) codewords jointly optimized for all three carriers.  The ACK/NACK information is repeated in the HARQ-ACK time slot:
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In addition, the POST codeword is used as DTX to avoid half slot transmission in this option.

This option corresponds to Alt 1b among the FFS alternatives.

We note that as an alternative, a 20bit codebook without repetition could be designed; however the required design complexity would be substantial and this approach is not considered in this document. 

Option 3
Following the legacy HS-DPCCH frame structure with SF=256 and design a 10 bit codebook of 28 ACK/NACK states jointly optimized for all three carriers:
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This option corresponds to Alt 2 among the FFS alternatives. 
Alt 3 is an additional condition related to a category configuration requirement.  But if it is decided as a way forward, it has to be functionally supported by both option3 and option 1 (or option 2).
A few aspects need look into when comparing the above three options:
· Decoding Performance
Because its ACK/NACK codebook is jointly coded, option 2 and 3 should be expected to have better transmission reliability as compared to option 1.  In fact, the advantage of option 2 and 3 is validated from the performance simulation provided in a later section that shows more than 1 dB gain over option 1.  

· Implementation complexity

The number of correlation operations used in a maximum likelihood detector at Node B for option 2&3 would be doubled as compared to option 1, simply due to the difference of number of codewords required to detect at receiver:

· reused codebooks for option 1: total of 14 codewords (10 from DC codebook and 4 from SC codebook)

· new codebook for option 2&3: 28 codewords (including PRE/POST)
Other than this, there is no other very noticeable increase of complexity at both receiver and transmitter (such as dispreading/combining etc) for use of the new codebook. 
· backward compatibility 
By designing a new codebook with Release 8 backward compatibility as suggested in [2] , option 3 that uses SF256 can be made to maintain the same physical layer configuration as the legacy releases (SF, channel coding, modulation, etc) upon deactivation to one or two carriers. This would largely ease the concern of a mismatched TX and RX codebook due to a missed HS-SCCH order. In addition, for a UE that is designed to only support 3 carrier configuration without MIMO, it avoids the necessity to implement two different frame structure (SF=256 and SF128). 
In our view decoding performance and backward compatibility are more important for the 3C special case.  Therefore:
Proposal 1:  use 1xSF256 frame structure with a new Release 8 backward compatible codebook for the special case of 3C w/o MIMO. 

If proposal 1 is agreed, the HS-SCCH design for CQI reporting may be based on the agreement that the minimum CQI feedback cycle for 3C w/o MIMO is also 4ms:
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CQI(20,10) and CQI(20, 5) in the figure represent the CQI coding for DC-HSDPA (R8 codebook) and SC (R6 codebook)  respectively, which are already used in previous standard releases. 

2.2 Release 8 backward compatible codebook design
In this section, a Release 8 backward compatible codebook is designed with the following criterions:

· The ACK/NACK states of all the 3 carriers are jointly encoded
· The codebook contains 26 codewords for the composite states of ACK/NACK/DTX and 2 codewords for PRE/POST

· The minimum code distance property of the DC codebook of Release 8 is maintained, i.e., 

· minimum code distance among the codewords without PRE/POST is 4

· minimum code distance among the codewords including PRE/POST is 3

· For backward compatibility, the new codebook contains the set of the codewords of the Release 8 DC codebook given in Table 1  
Table 1
: Legacy Rel-8 DC-HSDPA ACK/NACK codewords.

	Carrier 1
	Carrier 2
	Codewords

	A
	D
	1     1     1     1     1     1     1     1     1     1

	N
	D
	0     0     0     0     0     0     0     0     0     0

	D
	A
	1     1     1     1     1     0     0     0     0     0

	D
	N
	0     0     0     0     0     1     1     1     1     1

	A
	A
	1     0     1     0     1     0     1     0     1     0

	A
	N
	1     1     0     0     1     1     0     0     1     1

	N
	A
	0     0     1     1     0     0     1     1     0     0

	N
	N
	0     1     0     1     0     1     0     1     0     1

	PRE
	0     0     1     0     0     1     0     0     1     0

	POST
	0     1     0     0     1     0     0     1     0     0


A randomized code search under these constraints has been conducted with a sufficiently large number of runs, adequate to find multiple codebooks which met the constraints.  From this set of suitable codebooks we have chosen the codebook shown in Table 2, which has the best minimum distance property (the least number of 4s in the code distance spectrum). While further effort of more exhaustive search may lead to a slightly better optimized codebook, this particular codebook is sufficient in our opinion and provides acceptable performance as will be demonstrated in a later section.
Table 2
: New codebook proposed for 3C w/o MIMO with Rel 8 backward compatibility

	A/D/D
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	N/D/D
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	D/A/D
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	D/N/D
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1

	A/A/D
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0

	A/N/D
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1

	N/A/D
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0

	N/N/D
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	D/D/A
	1
	0
	1
	0
	0
	1
	0
	0
	0
	1

	D/D/N
	0
	1
	1
	0
	1
	1
	0
	1
	1
	0

	A/D/A
	1
	0
	1
	1
	0
	1
	0
	1
	1
	0

	A/D/N
	0
	0
	0
	1
	1
	1
	0
	0
	1
	0

	N/D/A
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1

	N/D/N
	1
	0
	0
	1
	1
	0
	1
	1
	0
	1

	D/A/A
	1
	0
	0
	1
	0
	0
	0
	0
	1
	1

	D/A/N
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0

	D/N/A
	1
	1
	0
	0
	0
	0
	0
	1
	1
	0

	D/N/N
	0
	1
	1
	0
	1
	0
	1
	1
	0
	1

	A/A/A
	1
	0
	0
	1
	0
	1
	1
	0
	0
	0

	A/A/N
	0
	1
	0
	1
	1
	0
	1
	1
	1
	0

	A/N/A
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0

	A/N/N
	1
	1
	1
	0
	0
	1
	1
	1
	0
	0

	N/A/A
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1

	N/A/N
	0
	1
	0
	0
	1
	1
	1
	0
	0
	0

	N/N/A
	1
	1
	0
	0
	0
	0
	1
	0
	0
	1

	N/N/N
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1

	PRE
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0

	POST
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0


Note: the codewords marked in yellow are identical to the Release 8 DC codebook.
The code distance spectrum of the proposed codebook with and without PRE/POST included is given in the following two tables respectively. The code distance property of a codebook proposed in [3]

 REF _Ref264798010 \r \h 
[4] by Huawei (labeled here as ‘HW codebook’) are also included for comparison. Note that this codebook is not Release 8 backward compatible.
Table 3
:  distance spectrum when PRE/POST are not included
	code distance
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	new codebook
	0
	0
	0
	122
	88
	86
	0
	23
	0
	6

	HW codebook
	0
	0
	0
	150
	0
	165
	0
	0
	0
	10


Table 4
:  distance spectrum when PRE/POST are included
	code distance
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	new codebook
	0
	0
	14
	126
	106
	91
	11
	23
	1
	6

	HW codebook
	1
	0
	11
	150
	29
	166
	9
	0
	2
	10


It is observed that in terms of distance spectrum, the HW codebook has a little deficiency when PRE/POST are included as indicated by the highlighted entry in Table 4.  
For reference the code distance spectrum of the Release 8 codebook is included in Table 5, from which it can be seen that the code distance performance of the new codebook is maintained at the similar level.  
Table 5
:  distance spectrum of Release 8 DC codebook
	code distance
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	w/o PRE/POST
	0
	0
	0
	4
	16
	4
	0
	0
	0
	4

	with PRE/POST
	0
	0
	2
	8
	20
	9
	2
	0
	0
	4


A table of the pair-wise code distance for the proposed codebook is provided in the Appendix.

2.3 Performance Evaluation
The decoding performance of the three options is evaluated with different codebooks. A simple AWGN model is used for the simulation where the channel is characterized by a fading constant controlled by signal to noise ratio. At the Node B receiver a maximum likelihood detector is applied which correlates the input to all possible codewords to obtain a decoding metric. The false alarm is controlled to a target level by first performing a threshold detection over the decoding metric.   
The performance metrics are evaluated as follows at a given probability of false alarm (Pfa):

· Probability of missed detection

· Probability of total error ( Probability of missed detection + Probability of errored  decoding)
· Probability of total error without DTX detection (Pfa=1)
With the probability of ACK, NACK, and DTX being set at [0.9, 0.09,0.01] independently for each carrier, the simulator results given Pfa=0.01 are shown in Figure 1 to Figure 3, where the three options are related to the labeled curves as follows:

SF256 new codebook:   ( option 3 with Release 8 backward compatibility

SF256 HW codebook:  (  option 3 w/o Release 8 backward compatibility

SF128 new codebook:   ( option 2 (with repetition)

SF128 reuse codebook: ( option 1
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Figure 1 Comparison of probability of missed detection at Pfa=0.01
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Figure 2 Comparison of probability of total error at Pfa=0.01
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Figure 3 Comparison of probability of total error without DTX detection
From the above simulation results we have observed that:

· A Release 8 backward compatible codebook can achieve similar decoding performance (Probability of total error) to a non backward compatible codebook (SF256 new codebook vs. SF256 HW codebook).
· With use of the new codebook, SF256 and SF128 with repetition (SF256 new codebook vs. SF128 new codebook) show almost coincided performance curves.

· Option 2 or 3 outperforms option 1 by 1-2dB in terms of probability of total error.  This is seen from the performance gap between SF128 reuse codebook to the others in Figure 2 and Figure 3. 
More simulation results are provided in the Appendix for Pfa=0.1, from which we arrive at the same conclusion.
We have illustrated the feasibility of finding a Release 8 backward compatible codebook with reasonable code distance and decoding performance.  Potentially better codebook may be found however we propose the following:
Proposal 2:  Adopt a Release 8 backward compatible ACK/NACK codebook of similar decoding performance as the proposed codebook.  

3 Conclusion

In this contribution we discussed the HS-DPCCH design for the 3C no-MIMO special case.  We illustrated the feasibility of designing a Release 8 compatible ACK/NACK codebook with reasonable decoding performance.   Finally, we propose the following:
Proposal 1:  Use 1xSF256 frame structure with a Release 8 backward compatible codebook for the special case of 3C w/o MIMO. 

Proposal 2:  adopt a Release 8 backward compatible ACK/NACK codebook of similar decoding performance to the proposed.  
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5 Appendix

More performance evaluation results are provided in Figure 4 and Figure 5 with Pfa=0.1.
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Figure 4 Comparison of probability of missed detection at Pfa=0.1
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Figure 5 Comparison of probability of total error at Pfa=0.1
The pair wise code distance of the proposed codebook is given in Table 4.

Table 4
:  Code distance table between each pair of the codewords
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