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1 Introduction 
In the 3GPP RAN#46 meeting, the WID of 4C-HSDPA was approved [1]. 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.

In this contribution, we will discuss the HS-DPCCH design and issues related with the FFS “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.”
2 Discussion
2.1. HS-DPCCH design options for 4C-HSDPA
As indicated in the way forward [2] mentioned in the introduction section, the HS-DPCCH code design will be chosen between 1xSF128 and 2xSF256. The following Figure 1 and Figure 2 illustrate the HS-DPCCH design with the two options respectively. For simplicity, the carriers are divided into two groups, the Group 1 contains Carrier 1 and Carrier 2, the Group 2 contains Carrier 3 and Carrier 4. Without losing generality, Carrier 1 is the primary carrier while Carrier 2, Carrier 3 and Carrier 4 are the secondary carriers.
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(A) Two groups of HARQ time-multiplexed, CQI/PCI within each group time-multiplexed
[image: image2.emf]HARQ

C1,2,3(,4)

CQI/PCI

Carrier 1

Type A or B

CQI/PCI

Carrier 2

Type A or B

CQI/PCI

Carrier 3

Type A or B

CQI/PCI

Carrier (4)

Type A or B

HARQ

C1,2,3(,4)

2 ms


(B) Two groups of HARQ joint-coded, CQI/PCI within each group time-multiplexed
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(C) Two groups of HARQ time-multiplexed, CQI/PCI within each group joint-coded
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(D) Two groups of HARQ joint-coded, CQI/PCI within each group joint-coded
Figure 1: 1xSF128 HS-DPCCH design
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Figure 2: 2xSF256 HS-DPCCH design
For the 1xSF128 HS-DPCCH design, there are 4 options, depending on the two groups of HARQ joint-coded or time-multiplexed and the two groups of CQI/PCI joint-coded or time-multiplexed,
· Option A: Two groups of HARQ time-multiplexed, CQI/PCI within each group time-multiplexed
· Option B: Two groups of HARQ joint-coded, CQI/PCI within each group time-multiplexed
· Option C: Two groups of HARQ time-multiplexed, CQI/PCI within each group joint-coded
· Option D: Two groups of HARQ joint-coded, CQI/PCI within each group joint-coded
If the two groups of HARQ are joint-coded, the ACK/NACK codebook will require being re-designed and the number of codewords would be greater than 2400, or greater than 620 even with HARQ message reduction [3]. So it is not attractive to HARQ being joint-coded.
If the CQI/PCI within each group are joint-coded, it is expected that a joint-coding gain would be achieved. However, new coding (40, 10), (40, 12), (40, 14), (40, 15), (40, 17), and (40, 20) are to be designed. This new design should “be justified by clear benefits” as stated in the WID objectives [1]. So at current stage, we would assume that the two groups of CQI/PCI are time-multiplexed.
With the above considerations, we assume that the Option A is used as the 1xSF128 HS-DPCCH design. With either 1xSF128 or 2xSF256 HS-DPCCH code design, the HARQ and CQI/PCI are divided into two groups, Group 1 and Group 2. For 1xSF128 scheme, Group 1 and Group 2 are transmitted in a time-multiplexed way; for 2xSF256 scheme, Group 1 and Group 2 are transmitted in a code-multiplexed way, within each group, the CQI/PCI of different carriers are transmitted in a time-multiplexed way. The existing HARQ codebook and (20, 5), (20, 7) and (20, 10) RM coding could be re-used. So we propose that,
Proposal 1: In case of 3-carrier or 4-carrier HSDPA, the feedback information (HARQ message and CQI/PCI) are divided into two groups, each of which contains information of up to two carriers, except for some special cases that optimization would be necessary.
Proposal 2: If the 1xSF128 HS-DPCCH code design is agreed by the RAN1 group, the HARQ message of one group is transmitted in a time-multiplexed way with that of the other group.
Proposal 3: If the 1xSF128 HS-DPCCH code design is agreed by the RAN1 group, the CQI/PCI of one group is transmitted in a time-multiplexed way with that of the other group.

Proposal 4: The existing HARQ-ACK codebooks are re-used within each group.

Proposal 5: The existing RM coding (20,5), (20,7) and (20,10) for CQI/PCI are re-used within each group.

2.2. HS-DPCCH design with different DL carrier configurations
Table 1 lists all the possible DL carrier configurations with 4C-HSDPA. In the second column, nC (mS+kM) denotes n DL carriers configured for a UE, of which m carriers are not configured with MIMO, k carriers are configured with MIMO, subject to m+k = n. From the specification aspects, it would be enough in Release-10 to introduce two cases based on Release-9 work, i.e. Case 5 and Case 6. Case 5 is what we proposed to be treated as a special case for optimization and is discussed in another contribution [4].
· Case 1: when the UE is not configured in MIMO mode and Secondary_Cell_Active is 0
· Case 2: when the UE is configured in MIMO mode and Secondary_Cell_Active is 0
· Case 3: when the UE is not configured in MIMO mode and Secondary_Cell_Active is not 0
· Case 4: when the UE is configured in MIMO mode and Secondary_Cell_Active is not 0
· Case 5: when the UE is not configured in MIMO mode and Secondary_Cell_Active #i for two or three secondary cells are not 0
· Case 6: when the UE is configured in MIMO mode and Secondary_Cell_Active #i for two or three secondary cells are not 0
Table 1: HS-DPCCH design with different DL carrier configurations
	No
	DL carrier Configuration
	HS-DPCCH design
	Minimum 
CQI feedback cycle, x2ms
	Specification 
aspects

	1
	1C (1S)
	Rel-5
	1xSF256
	1
	Case 1 4)

	2
	1C (1M)
	Rel-7
	1xSF256
	1
	Case 2 4)

	3
	2C (2S)
	Rel-8
	1xSF256
	1
	Case 3 4)

	4
	2C (1S+1M)
	Rel-9
	1xSF256
	2
	Case 4 4)

	5
	2C (2M)
	Rel-9
	1xSF256
	2
	

	6
	3C (3S)
	Rel-9 1)
	1xSF256
	2
	Case 5

	7
	3C (2S+1M)
	Rel-10 2)
	NEW 3)
	2
	Case 6

	8
	3C (1S+2M)
	Rel-10
	NEW 3)
	2
	

	9
	3C (3M)
	Rel-10
	NEW 3)
	2
	

	10
	4C (4S)
	Rel-9 1)
	1xSF256
	2
	Case 5

	11
	4C (3S+1M)
	Rel-10
	NEW 3)
	2
	Case 6

	12
	4C (2S+2M)
	Rel-10
	NEW 3)
	2
	

	13
	4C (1S+3M)
	Rel-10
	NEW 3)
	2
	

	14
	4C (4M)
	Rel-10
	NEW 3)
	2
	

	Note:
1) Based on Release-9 HS-DPCCH with necessary optimization;
2) Could also be based on Release-9 HS-DPCCH with necessary optimization;
3) Under discussion in RAN1, with option of either 1xSF128 or 2xSF256;
4) Has been specified in the early releases, Release-5, Release-7, Release-8 or Release-9.


2.3. Feedback information mapping on HS-DPCCH 

The feedback messages for 3C-HSDPA and 4C-HSDPA would be divided into two groups and mapped onto the HS-DPCCH channel(s), and there may be two ways to map the feedback messages onto the HS-DPCCH channel(s).
· Fixed mapping carrier feedback information onto HS-DPCCH channel(s)
· Flexible mapping carrier feedback information onto HS-DPCCH channel(s)
The paper [5] analyzed the benefit of the flexible mapping DL carrier onto HS-DPCCH channels. In Figure 3 we further investigate the HS-DPCCH format due to carrier deactivation. In this example, initially four carriers are activated. Carrier 1 and Carrier 2 are grouped together, and Carrier 3 and Carrier 4 are grouped together. Each group is transmitted in the way as stated in Section 2.1. The difference is not obvious between fixed mapping and flexible mapping, when one of the secondary carriers is deactivated, illustrated in Figure 3(B) and Figure 3(B’) with Carrier 3 is deactivated. When Carrier 2 and Carrier 3 are deactivated, the benefit of flexible mapping is obvious over the fixed mapping, as illustrated in Figure 3(C) and Figure 3(C’). The HS-DPCCH format could even further fallback to Release-9 1xSF256 HS-DPCCH, as illustrated in Figure 3(D). So we propose that,
Proposal 6: For DL configurations of 3-carrier and 4-carrier HSDPA, flexible mapping of DL carrier feedback information onto the HS-DPCCH channels is supported.
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(A) Four-carrier activated
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(B) Carrier 3 deactivated, fixed mapping
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(B’) Carrier 3 deactivated, flexible mapping
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(C) Carrier 2 and 3 deactivated, fixed mapping
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(C’) Carrier 2 and 3 deactivated, flexible mapping
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(D) Carrier 2 and 3 deactivated, fallback to Release-9 1xSF256
Figure 3: Example of mapping carrier feedback information onto HS-DPCCH channel
2.4. Carrier mapping
In order to correctly receive and decode the feedback information in the NodeB, both the UE and NodeB need to know the flexible mapping in each DL configuration. We investigate the possible configurations of HS-DPCCH channels according to the flexible mapping scheme when 3 or 4 DL carriers are configured. For simplicity, we use CP, CS1, CS2, and CS3 to denote the primary carrier, the activated secondary carriers #i (i=1, 2, 3) according to the order configured by RRC, S denotes MIMO not configured in a carrier, and M denotes MIMO configured in a carrier.

Table 2A shows the carrier mapping for the three-carrier HSDPA case and Table 3 for the four-carrier HSDPA case. Basically, the primary carrier and the activated secondary carrier #1 are grouped together as Group 1, and the other one or two activated secondary carriers are grouped together as Group 2. For three-carrier HSDPA case, the grouping way could also be that, the primary carrier is Group 1 and the other two activated secondary carriers as Group 2 (not illustrated in this contribution), or that, the optimization for MIMO is considered and the carrier with MIMO configuration is a group, as illustrated in Table 2B. 
Proposal 7: In 3-carrier and 4-carrier HSDPA configuration, for the flexible mapping of DL carrier feedback information onto the HS-DPCCH channels, the working assumption is that, the primary carrier and the activated secondary carrier #1 are grouped together as Group 1, the other activated secondary carriers as Group 2.
Table 2A: Carrier mapping for three-carrier HSDPA, configuration order
	Configuration
	CP
	CS1
	CS2
	Group 1
	Group 2

	0 *
	S
	S
	S
	CP, CS1
	CS2

	1
	S
	S
	M
	CP, CS1
	CS2

	2
	S
	M
	S
	CP, CS1
	CS2

	3
	S
	M
	M
	CP, CS1
	CS2

	4
	M
	S
	S
	CP, CS1
	CS2

	5
	M
	S
	M
	CP, CS1
	CS2

	6
	M
	M
	S
	CP, CS1
	CS2

	7
	M
	M
	M
	CP, CS1
	CS2


Table 2B: Carrier Mapping Table for three-carrier HSDPA, optimized for MIMO
	Configuration
	CP
	CS1
	CS2
	Group 1
	Group 2

	0 *
	S
	S
	S
	CP, CS1
	CS2

	1
	S
	S
	M
	CP, CS1
	CS2

	2
	S
	M
	S
	CP, CS2
	CS1

	3
	S
	M
	M
	CP, CS1
	CS2

	4
	M
	S
	S
	CP
	C S1, C S2

	5
	M
	S
	M
	CP
	C S1, C S2

	6
	M
	M
	S
	CP
	C S1, C S2

	7
	M
	M
	M
	CP
	C S1, C S2


Table 3: Carrier Mapping Table for four-carrier HSDPA, configuration order
	Configuration
	CP
	CS1
	CS2
	CS3
	Group 1
	Group 2

	0 *
	S
	S
	S
	S
	CP,C S1
	C S2,C S3

	1
	S
	S
	S
	M
	CP,C S1
	C S2,C S3

	2
	S
	S
	M
	S
	CP,C S1
	C S2,C S3

	3
	S
	M
	S
	S
	CP,C S1
	C S2,C S3

	5
	S
	S
	M
	M
	CP,C S1
	C S2,C S3

	6
	S
	M
	S
	M
	CP,C S1
	C S2,C S3

	8
	S
	M
	M
	S
	CP,C S1
	C S2,C S3

	11
	S
	M
	M
	M
	CP,C S1
	C S2,C S3

	4
	M
	S
	S
	S
	CP,C S1
	C S2,C S3

	7
	M
	S
	S
	M
	CP,C S1
	C S2,C S3

	9
	M
	S
	M
	S
	CP,C S1
	C S2,C S3

	10
	M
	M
	S
	S
	CP,C S1
	C S2,C S3

	12
	M
	S
	M
	M
	CP,C S1
	C S2,C S3

	13
	M
	M
	S
	M
	CP,C S1
	C S2,C S3

	14
	M
	M
	M
	S
	CP,C S1
	C S2,C S3

	15
	M
	M
	M
	M
	CP,C S1
	C S2,C S3


Note *: The case is proposed to be treated as a special one for optimization.

3 Conclusion 
In this contribution, we discussed and provided our view on the 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. We propose that, 
Proposal 1: In case of 3-carrier or 4-carrier HSDPA, the feedback information (HARQ message and CQI/PCI) are divided into two groups, each of which contains information of up to two carriers, except for some special cases that optimization would be necessary.
Proposal 2: If the 1xSF128 HS-DPCCH code design is agreed by the RAN1 group, the HARQ message of one group is transmitted in a time-multiplexed way with that of the other group.
Proposal 3: If the 1xSF128 HS-DPCCH code design is agreed by the RAN1 group, the CQI/PCI of one group is transmitted in a time-multiplexed way with that of the other group.
Proposal 4: The existing HARQ-ACK codebooks are re-used within each group.
Proposal 5: The existing RM coding (20,5), (20,7) and (20,10) for CQI/PCI are re-used within each group.
Proposal 6: For DL configurations of 3-carrier and 4-carrier HSDPA, flexible mapping of DL carrier feedback information onto the HS-DPCCH channels is supported.
Proposal 7: In 3-carrier and 4-carrier HSDPA configuration, for the flexible mapping of DL carrier feedback information onto the HS-DPCCH channels, the working assumption is that, the primary carrier and the activated secondary carrier #1 are grouped together as Group 1, the other activated secondary carriers as Group 2.
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