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1 Introduction 
In the 3GPP RAN#46 meeting, the WID of 4C-HSDPA was approved [1]. In RAN1#60bis meeting, the HS-DPCCH design issue was discussed, and the following agreements are reached [2],
Companies are requested to consider their positions with respect to the following 4 alternatives:

· Alt 1: 

· SF 128 for all cases of 3C or 4C configured

· SF 256 for all cases of <3 C configured

· Alt 2: 

· SF 128 for at least the following cases:

· 3/4C activated with MIMO configured on 1 or more activated carriers

· SF 256 for cases with less than 3 carriers activated

· Other activation/deactivation cases FFS

· Alt 3: 

· SF 128 for at least the following cases:

· 3/4C activated with MIMO configured on 1 or more activated carriers

· SF 256 for cases with less than 3 carriers activated

· Other activation/deactivation cases FFS

· Activations / deactivations that would require a change of SF constrained to radio frame boundaries

· Alt 4: 

· Use SF 128 for all cases with coding and bit interleaving such that when pairs of HS-DPCCH bits are the same the transmitted chips are the same as SF 256

In this contribution, we will further discuss the HS-DPCCH design and carrier mapping for different number of carriers activated.
2 Flexible HS-DPCCH design
We have presented in [3][4] the details of flexible HS-DPCCH design when different carriers are activated. The flexibility contains at least three folders, 
· Use SF128 HS-DPCCH when more than 2 carriers are activated with at least 1 carrier configured with MIMO, while SF256 when less than 3 carriers are activated

· Use SF256 HS-DPCCH in case without MIMO configuration regardless of the number of activated carriers 

· Mapping of different carriers’ feedback information to HS-DPCCH is flexible

For a UE capable of 3 or 4 carriers, it should be able to work under Rel-8, Rel-9 and Rel-10 multi-carrier configurations. It is a natural way to use the same HS-DPCCH design when the same number of carriers is activated under different multi-carrier configurations. For example, if the UE is activated with 2 carriers without MIMO, the Rel-8 HS-DPCCH design should be applied no matter the UE is in a Rel-8, Rel-9 or Rel-10 network.
Considering the restriction “Activations / deactivations that would require a change of SF constrained to radio frame boundaries”, our understanding is that it would introduce less complexity to the transmitter and receiver if the change of SF is constrained to the radio frame boundaries, even though the restriction will put limitation on the time when the HS-SCCH ordered activation / deactivation of secondary carriers should be applied. Since the activation / deactivation of secondary carriers are controlled by NodeB, the above limitation would be largely eliminated with a well-designed scheduler.
Proposal 1: Alternative 3 is taken as the HS-DPCCH design.

Proposal 2: SF256 HS-DPCCH for the cases that 3C or 4C are activated without MIMO configured in any activated carrier.

3 HARQ codebook
Table 1: HARQ codebook for different carrier activation status
	No.
	Group 1
	Group 2
	HARQ codebook Group 1
	HARQ codebook Group 2

	
	C1
	C2
	C3
	C4
	
	

	1
	S
	-
	-
	-
	Rel-9 DC-MIMO
	-

	2
	M
	-
	-
	-
	Rel-9 DC-MIMO
	-

	3
	S
	S
	-
	-
	Rel-8 DC
	-

	4
	S
	M
	-
	-
	Rel-9 DC-MIMO
	-

	5
	M
	S
	-
	-
	Rel-9 DC-MIMO
	-

	6
	M
	M
	-
	-
	Rel-9 DC-MIMO
	-

	7
	S
	S
	S
	-
	Rel-10 based on Rel-9 DC-MIMO

	8
	S
	S
	M
	-
	Rel-8 DC + DTX
	Rel-9 DC-MIMO + DTX

	9
	S
	M
	S
	-
	Rel-9 DC-MIMO + DTX
	Rel-9 DC-MIMO + DTX

	10
	S
	M
	M
	-
	Rel-9 DC-MIMO + DTX
	Rel-9 DC-MIMO + DTX

	11
	M
	S
	S
	-
	Rel-9 DC-MIMO + DTX
	Rel-9 DC-MIMO + DTX

	12
	M
	S
	M
	-
	Rel-9 DC-MIMO + DTX
	Rel-9 DC-MIMO + DTX

	13
	M
	M
	S
	-
	Rel-9 DC-MIMO + DTX
	Rel-9 DC-MIMO + DTX

	14
	M
	M
	M
	-
	Rel-9 DC-MIMO + DTX
	Rel-9 DC-MIMO + DTX

	15
	S
	S
	S
	S
	Rel-10 based on Rel-9 DC-MIMO

	16
	S
	S
	S
	M
	Rel-8 DC + DTX
	Rel-9 DC-MIMO + DTX

	17
	S
	S
	M
	S
	Rel-8 DC + DTX
	Rel-9 DC-MIMO + DTX

	18
	S
	S
	M
	M
	Rel-8 DC + DTX
	Rel-9 DC-MIMO + DTX

	19
	S
	M
	S
	S
	Rel-9 DC-MIMO + DTX
	Rel-8 DC + DTX

	20
	S
	M
	S
	M
	Rel-9 DC-MIMO + DTX
	Rel-9 DC-MIMO + DTX

	21
	S
	M
	M
	S
	Rel-9 DC-MIMO + DTX
	Rel-9 DC-MIMO + DTX

	22
	S
	M
	M
	M
	Rel-9 DC-MIMO + DTX
	Rel-9 DC-MIMO + DTX

	23
	M
	S
	S
	S
	Rel-9 DC-MIMO + DTX
	Rel-8 DC + DTX

	24
	M
	S
	S
	M
	Rel-9 DC-MIMO + DTX
	Rel-9 DC-MIMO + DTX

	25
	M
	S
	M
	S
	Rel-9 DC-MIMO + DTX
	Rel-9 DC-MIMO + DTX

	26
	M
	S
	M
	M
	Rel-9 DC-MIMO + DTX
	Rel-9 DC-MIMO + DTX

	27
	M
	M
	S
	S
	Rel-9 DC-MIMO + DTX
	Rel-8 DC + DTX

	28
	M
	M
	S
	M
	Rel-9 DC-MIMO + DTX
	Rel-9 DC-MIMO + DTX

	29
	M
	M
	M
	S
	Rel-9 DC-MIMO + DTX
	Rel-9 DC-MIMO + DTX

	30
	M
	M
	M
	M
	Rel-9 DC-MIMO + DTX
	Rel-9 DC-MIMO + DTX

	Note:

1. “M” stands for MIMO configured in the carrier, while “S” for MIMO not configured.

2. “Rel-9 DC-MIMO” stands for the codebook of Table 15C.2 in TS25.212, without requiring an additional DTX codeword.

3. “Rel-9 DC-MIMO + DTX” stands for the codebook of Table 15C.2 in TS25.212, whether or not requiring an additional DTX codeword depends on the RAN1 group decision.

4. “Rel-8 DC” stands for the codebook of Table 15C.1 in TS25.212, without requiring an additional DTX codeword.

5. “Rel-8 DC + DTX” stands for the codebook of Table 15C.1 in TS25.212, whether or not requiring an additional DTX codeword depends on the RAN1 group decision.


In Table 1 we list all the possible carrier activation status with the HARQ codebook options. Since the Rel-9 DC-MIMO codebook is a superset of the codebook of Rel-5 SC-SIMO and Rel-7 SC-MIMO, “Rel-5 SC-SIMO” for “S-” and “Rel-7 SC-MIMO” for “M-” are replaced by “Rel-9 DC-MIMO” in Table 1 in order to have a unified form. However, the Rel-8 DC-SIMO uses a different codebook as listed in Table 2. The Hamming distances of the two codebooks are given in Table 3. As discussed in section 2, it is a natural way to use the same HS-DPCCH design when the same number of carriers is activated under different multi-carrier configurations.
Table 2: HARQ codewords for Rel-8 DC-SIMO and corresponding Rel-9 DC-MIMO codewords
	Rel-8 DC-SIMO codebook

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

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

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

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

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

	D/N
	0
	0
	0
	0
	0
	1
	1
	1
	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

	Corresponding Rel-9 DC-MIMO 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

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

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

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

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

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

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


Table 3: Hamming distance of HARQ codewords for Rel-8 DC-SIMO and corresponding Rel-9 DC-MIMO codewords
	Hamming distance
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Rel-8 DC-SIMO codebook
	0
	0
	0
	4
	16
	4
	0
	0
	0
	4

	Corresponding Rel-9 DC-MIMO codewords
	0
	0
	0
	2
	16
	8
	0
	0
	0
	2


Proposal 3: Adopt the HARQ codebook schemes in Table 2 as the HARQ codebook when different carriers are activated.
4 CQI/PCI coding

Table 4: CQI/PCI coding for different carrier activation status
	No.
	Group 1
	Group 2
	CQI/PCI coding Group 1
	CQI/PCI coding Group 2

	
	C1
	C2
	C3
	C4
	C1
	C2
	C3
	C4

	1
	S
	-
	-
	-
	SC-SIMO
	-
	-
	-

	2
	M
	-
	-
	-
	SC-MIMO
	-
	-
	-

	3
	S
	S
	-
	-
	DC-SIMO
	-
	-

	4
	S
	M
	-
	-
	SC-SIMO
	SC-MIMO
	-
	-

	5
	M
	S
	-
	-
	SC-MIMO
	SC-SIMO
	-
	-

	6
	M
	M
	-
	-
	SC-MIMO
	SC-MIMO
	-
	-

	7
	S
	S
	S
	-
	DC-SIMO
	SC-SIMO
	-

	8
	S
	S
	M
	-
	DC-SIMO
	SC-MIMO
	-

	9
	S
	M
	S
	-
	SC-SIMO
	SC-MIMO
	SC-SIMO
	-

	10
	S
	M
	M
	-
	SC-SIMO
	SC-MIMO
	SC-MIMO
	-

	11
	M
	S
	S
	-
	SC-MIMO
	SC-SIMO
	SC-SIMO
	-

	12
	M
	S
	M
	-
	SC-MIMO
	SC-SIMO
	SC-MIMO
	-

	13
	M
	M
	S
	-
	SC-MIMO
	SC-MIMO
	SC-SIMO
	-

	14
	M
	M
	M
	-
	SC-MIMO
	SC-MIMO
	SC-MIMO
	-

	15
	S
	S
	S
	S
	DC-SIMO
	DC-SIMO

	16
	S
	S
	S
	M
	DC-SIMO
	SC-SIMO
	SC-MIMO

	17
	S
	S
	M
	S
	DC-SIMO
	SC-MIMO
	SC-SIMO

	18
	S
	S
	M
	M
	DC-SIMO
	SC-MIMO
	SC-MIMO

	19
	S
	M
	S
	S
	SC-SIMO
	SC-MIMO
	DC-SIMO

	20
	S
	M
	S
	M
	SC-SIMO
	SC-MIMO
	SC-SIMO
	SC-MIMO

	21
	S
	M
	M
	S
	SC-SIMO
	SC-MIMO
	SC-MIMO
	SC-SIMO

	22
	S
	M
	M
	M
	SC-SIMO
	SC-MIMO
	SC-MIMO
	SC-MIMO

	23
	M
	S
	S
	S
	SC-MIMO
	SC-SIMO
	DC-SIMO

	24
	M
	S
	S
	M
	SC-MIMO
	SC-SIMO
	SC-SIMO
	SC-MIMO

	25
	M
	S
	M
	S
	SC-MIMO
	SC-SIMO
	SC-MIMO
	SC-SIMO

	26
	M
	S
	M
	M
	SC-MIMO
	SC-SIMO
	SC-MIMO
	SC-MIMO

	27
	M
	M
	S
	S
	SC-MIMO
	SC-MIMO
	DC-SIMO

	28
	M
	M
	S
	M
	SC-MIMO
	SC-MIMO
	SC-SIMO
	SC-MIMO

	29
	M
	M
	M
	S
	SC-MIMO
	SC-MIMO
	SC-MIMO
	SC-SIMO

	30
	M
	M
	M
	M
	SC-MIMO
	SC-MIMO
	SC-MIMO
	SC-MIMO

	Note:
1. “SC-SIMO” stands for CQI coding of SC-SIMO as specified in section 4.7.2.2 in TS25.212.

2. “SC-MIMO” stands for composite CQI and PCI coding for SC-MIMO as specified in section 4.7.3.2 in TS25.212.

3. “DC-SIMO” stands for composite CQI for DC-SIMO as specified in section 4.7.3A.2 in TS25.212.


In Table 4 we list all the possible carrier activation status with the CQI/PCI coding options. If two SIMO carriers are grouped together, the CQI coding could be with two separate SC-SIMO CQI coding or DC-SIMO composite CQI coding, as illustrated in Figure 1. With the DC-SIMO composite CQI coding, the same coding for “S/S” group is used when the same number of carriers is activated under different multi-carrier configurations.
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Figure 1: Different CQI coding for two SIMO carriers grouped together
Proposal 4: Adopt the coding schemes in Table 4 as the CQI/PCI coding when different carriers are activated.

5 Carrier mapping

Configuration carrier
In the RAN1#60bis meeting, the following is agreed [2],
Agreement:

· RAN WG1 assumes that the 1st, 2nd and 3rd secondary serving HS-DSCH cells will be indicated to the physical layer by higher layers. If two uplink frequencies are configured, the 1st secondary serving HS-DSCH cell is paired with the secondary uplink frequency.

LS to be sent to RAN2 cc RAN3 in R1-102540.

In this paper, the primary downlink frequency is denoted as CP, and the 1st, 2nd and 3rd secondary downlink frequency are denoted as CS1, CS2, CS3 respectively. A UE is configured with a primary carrier and possibly together with up to three secondary carriers.
Activated carrier
The secondary carriers would be activated or deactivated by NodeB with the HS-SCCH order. The activated carriers are denoted as C1, C2, C3 and C4.

The primary carrier is always activated and is denoted as C1. The activated secondary carriers are denoted as C2, C3 and C4 according to the configuration order by the higher layer. This is illustrated in Table 5. For example, C2 = CS1 if CS1 is activated; C2 = CS2 if CS1 deactivated and CS2 activated; C2 = CS3 if CS1 and CS2 deactivated and CS3 activated.

Table 5: Mapping between activated carriers and configuration carriers
	CP
	CS1
	CS2
	CS3
	Group 1
	Group 2

	
	
	
	
	C1
	C2
	C3
	C4

	A
	
	　
	　
	CP
	
	　
	　

	A
	A
	　
	　
	CP
	CS1
	
	

	A
	　
	A
	　
	CP
	CS2
	　
	　

	A
	　
	　
	A
	CP
	CS3
	　
	　

	A
	A
	A
	　
	CP
	CS1
	CS2
	　

	A
	　
	A
	A
	CP
	CS2
	CS3
	　

	A
	A
	　
	A
	CP
	CS1
	CS3
	　

	A
	A
	A
	A
	CP
	CS1
	CS2
	CS3

	Note: ‘A’ stands for the carrier being activated.


Proposal 5: Flexible mapping of DL carrier feedback information onto the HS-DPCCH channels is supported.
Proposal 6: For the flexible mapping of DL carrier feedback information onto the HS-DPCCH channels, the primary carrier (C1) and the activated secondary carrier #1 (C2, if any) are grouped together as Group 1, the other activated secondary carriers (C3 and C4, if any) as Group 2.

6 Conclusion 
We propose that, 
Proposal 1: Alternative 3 is taken as the HS-DPCCH design.
Proposal 2: SF256 HS-DPCCH for the cases that 3C or 4C are activated without MIMO configured in any activated carrier.
Proposal 3: Adopt the HARQ codebook schemes in Table 2 as the HARQ codebook when different carriers are activated.
Proposal 4: Adopt the coding schemes in Table 4 as the CQI/PCI coding when different carriers are activated.
Proposal 5: Flexible mapping of DL carrier feedback information onto the HS-DPCCH channels is supported.
Proposal 6: For the flexible mapping of DL carrier feedback information onto the HS-DPCCH channels, the primary carrier (C1) and the activated secondary carrier #1 (C2, if any) are grouped together as Group 1, the other activated secondary carriers (C3 and C4, if any) as Group 2.
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