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1 Introduction 
In 3GPP RAN#46 meeting, the WID of 4C-HSDPA was approved [1]. One of the WID objectives is specified as “Functionality currently defined … should be re-used unless non-re-use can be justified by clear benefits”. In last RAN1#59bis meeting, the following way forward was proposed [2],
Way forward:

· HS-DPCCH code design for case when 4 carriers are configured

· Alternatives presented:

· 1xSF128

· 2xSF256

· 1xSF256

· Choice  between 1xSF128 and 2xSF256 is to be made at RAN1#60. 

· For CM studies, optimise for case without DCH; results may also be presented for case with DCH

· FFS whether optimisations are needed / justified for special cases (e.g. 3 carrier case). 

· FFS if HS-DPCCH transmission can be adapted depending on activation status of downlink carriers to maximise uplink efficiency, including whether Rel-9 format is used in case of only 2 carriers being activated.

This contribution will discuss the FFS “FFS whether optimisations are needed / justified for special cases (e.g. 3 carrier case)”.
2 Discussion
2.1. Special cases regarding to network deployment and UE category
It was proposed in [3] that “MC-HSDPA without MIMO scenario shall be considered as high priority if applying combination restriction, except that there has strong will.” With the introduction of 4C-HSDPA, it could be expected that some networks would be deployed with MIMO configuration in one or more carriers while some other networks would be deployed without MIMO configuration in any carrier. For the later case, since there are at most 4 transport blocks transmitted simultaneously to a UE, the Release-9 HS-DPCCH is enough to carry all the required feedback information (HARQ-ACK, CQI) with minimum CQI feedback cycle of 4 ms. From UE category aspects, supporting MIMO or not supporting MIMO is an important criteria for different UE categories. The Release-9 HS-DPCCH could be re-used in these cases with some necessary optimization.

The benefits of re-using Release-9 HS-DPCCH include, less HS-DPCCH transmit power is required to achieve an equivalent performance compared with the 1xSF128 or 2xSF256 schemes under discussion [2]

 REF _Ref253076601 \r \h 
[4]; UE cubic metric is smaller [5] compared with 2xSF256 schemes, thus UE has a higher power headroom for traffic transmission. So we have the following proposal,

Proposal 1: Treat the following scenarios as special cases and accordingly perform optimization for HS-DPCCH design based on Release-9 HS-DPCCH,
· 3-carrier HSDPA without MIMO configuration in any DL carrier
· 4-carrier HSDPA without MIMO configuration in any DL carrier
The following sections will discuss the details of HS-DPCCH design for 3-carrier and 4-carrier HSDPA w/o DL MIMO configuration.
2.2. HS-DPCCH design for 3-carrier HSDPA without DL MIMO configuration

The HS-DPCCH design for 3-carrier HSDPA and 4-carrier HSDPA w/o DL MIMO configuration has been discussed, for example, in [4] with 1xSF256, 2xSF256 or 1xSF128 schemes. The Figure 1 illustrates the HS-DPCCH design for 3-carrier HSDPA without MIMO configuration.
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(A) CQI for the primary carrier is transmitted independently 
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(B) CQI for the primary carrier is transmitted together with one of the secondary carriers
Figure 1: HS-DPCCH design for 3-carrier HSDPA without MIMO configuration

Without losing generality, Carrier 1 is the primary carrier while Carrier 2 and Carrier 3 are the secondary carriers. There are two possible ways (an alternative way [4][6] is also possible trying to reduce the CQI feedback cycle using a cross-combined CQI feedback scheme) to combine the CQI for the primary carrier and the secondary carriers,

· Option A: The CQI for the primary carrier is transmitted independently. 
The CQI for Carrier 1 (the primary carrier) is transmitted in a time-multiplexed way with the CQI for Carrier 2 and Carrier 3 combined together.
· Option B: The CQI for the primary carrier is transmitted together with one of the secondary carriers. 
The CQI for Carrier 1 (the primary carrier) and Carrier 2 are combined together and transmitted in a time-multiplexed way with the CQI for Carrier 3.
The Option A is designed for a higher priority transmission of the primary carrier. For the Option B, a rule should be specified which secondary carrier is combined together with the primary carrier. In another contribution [7] we will discuss how the carriers are mapped within the HS-DPCCH.
The HARQ-ACK hypotheses at the UE are given in Table 1 Annex 1. There are totally 3x3x3-1 = 26 hypotheses excluding PRE / POST. The ACK/NACK codebook (with the number of codewords = 28) is to be re-designed. [6] provides some discussions on the ACK/NACK codebook design considering code distance spectrum and error detection performance of 3 different codebook design options. We have the following proposal,
Proposal 2: Use 1xSF256 HS-DPCCH for 3-carrier HSDPA without MIMO configuration in any DL carrier. The ACK / NACK messages for the 3 carriers are joint-coded with a re-designed codebook. The CQI for the 3 carriers are divided into 2 groups and transmitted in a time-multiplexed way with each group encoded with Release-5 (20,5) RM or Release-8 (20,10) RM.

2.3. HS-DPCCH design for 4-carrier HSDPA without DL MIMO configuration
The Figure 2 illustrates the HS-DPCCH design for 4-carrier HSDPA without MIMO configuration.
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Figure 2: HS-DPCCH design for 4-carrier HSDPA without DL MIMO configuration
Same as the above 3-carrier case, Carrier 1 is the primary carrier while Carrier 2, Carrier 3 and Carrier 4 are the secondary carriers. The CQI for Carrier 1 (the primary carrier) and Carrier 2 (a secondary carrier) are combined together and transmitted in a time-multiplexed way with the CQI for Carrier 3 and Carrier 4 (other secondary carriers) combined together. Regarding to which secondary carrier should be combined with the primary carrier, it will be discussed in another contribution [7].
The HARQ-ACK hypotheses at the UE are given in Table 2 Annex 2. There are totally 3x3x3x3-1 = 80 hypotheses excluding PRE / POST. The ACK/NACK codebook (with the number of codewords = 82) is to be re-designed. We have the following proposal,
Proposal 3: Use 1xSF256 HS-DPCCH for 4-carrier HSDPA without MIMO configuration in any DL carrier. The ACK / NACK messages for the 4 carriers are joint-coded with a re-designed codebook. The CQI for the 4 carriers are divided equally into 2 groups and transmitted in a time-multiplexed way with each group encoded with Release-8 (20,10) RM.
3 Conclusion 
In this contribution, we discussed some special cases for which an optimization design of HS-DPCCH would be necessary. We have the following proposals, 
Proposal 1: Treat the following scenarios as special cases and accordingly perform optimization for HS-DPCCH design based on Release-9 HS-DPCCH,
· 3-carrier HSDPA without MIMO configuration in any DL carrier
· 4-carrier HSDPA without MIMO configuration in any DL carrier

Proposal 2: Use 1xSF256 HS-DPCCH for 3-carrier HSDPA without MIMO configuration in any DL carrier. The ACK / NACK messages for the 3 carriers are joint-coded with a re-designed codebook. The CQI for the 3 carriers are divided into 2 groups and transmitted in a time-multiplexed way with each group encoded with Release-5 (20,5) RM or Release-8 (20,10) RM.
Proposal 3: Use 1xSF256 HS-DPCCH for 4-carrier HSDPA without MIMO configuration in any DL carrier. The ACK / NACK messages for the 4 carriers are joint-coded with a re-designed codebook. The CQI for the 4 carriers are divided equally into 2 groups and transmitted in a time-multiplexed way with each group encoded with Release-8 (20,10) RM.
If the group agrees with the above proposals, we will make further effort to the design of HARQ-ACK codebooks for both the 3-carrier HSDPA case and the 4-carrier HSDPA case.
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5 Annex 1: Hypotheses of A/N/D for 3-carrier HSDPA without MIMO configuration

Table 1: A/N/D detection hypotheses at UE for 3-carrier HSDPA without MIMO configuration
	
	Detection Hypotheses at UE

	
	DL3
	DL2
	DL1

	1
	D
	D
	A

	2
	D
	D
	N

	3
	D
	A
	D

	4
	D
	A
	A

	5
	D
	A
	N

	6
	D
	N
	D

	7
	D
	N
	A

	8
	D
	N
	N

	9
	A
	D
	D

	10
	A
	D
	A

	11
	A
	D
	N

	12
	A
	A
	D

	13
	A
	A
	A

	14
	A
	A
	N

	15
	A
	N
	D

	16
	A
	N
	A

	17
	A
	N
	N

	18
	N
	D
	D

	19
	N
	D
	A

	20
	N
	D
	N

	21
	N
	A
	D

	22
	N
	A
	A

	23
	N
	A
	N

	24
	N
	N
	D

	25
	N
	N
	A

	26
	N
	N
	N


6 Annex 2: Hypotheses of A/N/D for 4-carrier HSDPA without MIMO configuration

Table 2: A/N/D detection hypotheses at UE for 4-carrier HSDPA without MIMO configuration
	
	Detection Hypotheses at UE

	
	DL4
	DL3
	DL2
	DL1

	1
	D
	D
	D
	A

	2
	D
	D
	D
	N

	3
	D
	D
	A
	D

	4
	D
	D
	A
	A

	5
	D
	D
	A
	N

	6
	D
	D
	N
	D

	7
	D
	D
	N
	A

	8
	D
	D
	N
	N

	9
	D
	A
	D
	D

	10
	D
	A
	D
	A

	11
	D
	A
	D
	N

	12
	D
	A
	A
	D

	13
	D
	A
	A
	A

	14
	D
	A
	A
	N

	15
	D
	A
	N
	D

	16
	D
	A
	N
	A

	17
	D
	A
	N
	N

	18
	D
	N
	D
	D

	19
	D
	N
	D
	A

	20
	D
	N
	D
	N

	21
	D
	N
	A
	D

	22
	D
	N
	A
	A

	23
	D
	N
	A
	N

	24
	D
	N
	N
	D

	25
	D
	N
	N
	A

	26
	D
	N
	N
	N

	27
	A
	D
	D
	D

	28
	A
	D
	D
	A

	29
	A
	D
	D
	N

	30
	A
	D
	A
	D

	31
	A
	D
	A
	A

	32
	A
	D
	A
	N

	33
	A
	D
	N
	D

	34
	A
	D
	N
	A

	35
	A
	D
	N
	N

	36
	A
	A
	D
	D

	37
	A
	A
	D
	A

	38
	A
	A
	D
	N

	39
	A
	A
	A
	D

	40
	A
	A
	A
	A

	41
	A
	A
	A
	N

	42
	A
	A
	N
	D

	43
	A
	A
	N
	A

	44
	A
	A
	N
	N

	45
	A
	N
	D
	D

	46
	A
	N
	D
	A

	47
	A
	N
	D
	N

	48
	A
	N
	A
	D

	49
	A
	N
	A
	A

	50
	A
	N
	A
	N

	51
	A
	N
	N
	D

	52
	A
	N
	N
	A

	53
	A
	N
	N
	N

	54
	N
	D
	D
	D

	55
	N
	D
	D
	A

	56
	N
	D
	D
	N

	57
	N
	D
	A
	D

	58
	N
	D
	A
	A

	59
	N
	D
	A
	N

	60
	N
	D
	N
	D

	61
	N
	D
	N
	A

	62
	N
	D
	N
	N

	63
	N
	A
	D
	D

	64
	N
	A
	D
	A

	65
	N
	A
	D
	N

	66
	N
	A
	A
	D

	67
	N
	A
	A
	A

	68
	N
	A
	A
	N

	69
	N
	A
	N
	D

	70
	N
	A
	N
	A

	71
	N
	A
	N
	N

	72
	N
	N
	D
	D

	73
	N
	N
	D
	A

	74
	N
	N
	D
	N

	75
	N
	N
	A
	D

	76
	N
	N
	A
	A

	77
	N
	N
	A
	N

	78
	N
	N
	N
	D

	79
	N
	N
	N
	A

	80
	N
	N
	N
	N
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