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1 Introduction
As the demand for mobile broadband continues to grow even higher peak and average data rates need to be supported in urban areas and in cities. An important question for operators is how these data rates can be supported in a cost efficient manner. Since some operators have access to system bandwidths larger than 20 MHz (possibly spread over multiple frequency bands) multi-carrier operation in which more than 4 carriers can be used simultaneously to schedule data to a single UE seems like an attractive extension in Rel-11.
The WI 8C-HSDPA is approved in RAN#50 [1]. 8C-HSDPA combined with MIMO can double the peak and average user data rates of 4C-HSDPA with a very modest impact to the 3GPP specifications. In this contribution we further discuss some aspects on 8C-HSDPA.

2 HS-DPCCH design
When the 8C-HSDPA with MIMO is introduced, the amount of feedback informantion will be doubled as compared to Rel-10. The two alteratives are using 2XSF128 HS-DPCCH and 1XSF64 HS-DPCCH to support the feedback information [2]. We more prefer to the 1XSF64 solution since it has lower cubic metric and uses as the same power compared to the 2XSF128 solution. To achieve the similar coverage as in existing releases, the additional power is needed for HS-DPCCH to support 8C-HSDPA.
Proposal 1: 1xSF64 HS-DPCCH solution is taken as the working assumption to support 8C-HSDPA with MIMO system.
The HS-DPCCH for 4C-HSDPA is designed as follows,
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Figure 1: HS-DPCCH design for 4C-HSDPA

For simplicity, the carriers in 8C-HSDPA are divided into four groups for HARQ feedback purpose, the Group 1 contains Carrier 1 and Carrier 2, the Group 2 contains Carrier 3 and Carrier 4, the Group 3 contains Carrier 5 and Carrier 6 and the Group 4 contains Carrier 7 and Carrier 8. Without losing generality, Carrier 1 is the primary carrier while Carrier 2, 3, 4, 5, 6, 7, 8 are the secondary carriers. Using the same design principle of 4C-HSDPA, the HARQ message of one group is transmitted in a time-multiplexed way with that of the other group. So we propose,

Proposal 2: The 1xSF64 HS-DPCCH code design is the working assumption for 8C-HSDPA. 
Proposal 3: The HARQ message of one group is transmitted in a time-multiplexed way with that of the other groups.
Proposal 4: The HARQ message of carrier 1&2 and carrier 7&8 is transmitted in one half-slot, carrier 3&4 and carrier 5&6 in one half-slot.
If the CQI/PCI within each group is joint-coded, it is expected that a joint-coding gain would be achieved. However, new codings 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 CQI/PCI is time-multiplexed following the 4C-HSDPA design principle. To reduce the possibility of carrier re-mapping when the secondary carriers being activated or deactivated, we propose that,
Proposal 5: The CQI/PCI of carrier 1 and carrier 8 is transmitted in a slot, carrier 2 and 7 in a slot, carrier 3 and 6 in a slot, carrier 4 and 5 in a slot.
Proposal 6: The HS-DPCCH format is not changed when the secondary carriers are activated and deactivated.

Proposal 7: The half-slot transmission in HARQ slot or CQI/PCI slot should be avoided by repetition.

So the HS-DPCCH design for 8C-HSDPA is illustrated as in Figure 1, where 4 cases are demonstrated for an 8C capable UE, 8C - all the secondary carriers being activated, 6C – carrier 7&8 deactivated, 4C – carrier 1&2&3&4 activated, 2C – carrier 1&2 activated. To avoid half-slot transmission, the repetition for HARQ information and CQI/PCI information is applied as much as possible. Meanwhile, the HARQ information of carrier 1&2 and carrier 7&8 is combined together in one half-slot. This kind of carrier mapping arrangement is to facilitate the repetition of carrier 1&2 (carrier 1 is the primary carrier) while keeping the same mapping rule when some of the carriers are deactivated or less carriers are configured. With the same consideration, the CQI/PCI information of carrier 1&8 is combined together in one slot, carrier 2&7 in one slot, carrier 3&6 in one slot and carrier 4&5 in one slot.

[image: image2.emf]1 slot

2ms

HARQ 

C1,2

HARQ 

C3,4

HARQ 

C7,8

HARQ 

C5,6

CQI/PCI

Carrier 1

Type A or B

CQI/PCI

Carrier 8

Type A or B

CQI/PCI

Carrier 2

Type A or B

CQI/PCI

Carrier 7

Type A or B

CQI/PCI

Carrier 3

Type A or B

CQI/PCI

Carrier 6

Type A or B

CQI/PCI

Carrier 4

Type A or B

CQI/PCI

Carrier 5

Type A or B

HARQ 

C1,2

HARQ 

C1,2

(rep)

HARQ 

C3,4

HARQ 

C5,6

CQI/PCI

Carrier 1

Type A or B

CQI/PCI

Carrier 1(rep)

Type A or B

CQI/PCI

Carrier 2

Type A or B

CQI/PCI 

Carrier 2(rep)

Type A or B

CQI/PCI

Carrier 3

Type A or B

CQI/PCI

Carrier 6

Type A or B

CQI/PCI

Carrier 4

Type A or B

CQI/PCI

Carrier 5

Type A or B

HARQ 

C1,2

HARQ 

C1,2

(rep)

HARQ 

C3,4

HARQ 

5,6

HARQ 

C1,2

HARQ 

C3,4

HARQ 

C7,8

HARQ 

C5,6

HARQ 

C1,2

HARQ 

C1,2

(rep)

HARQ 

C3,4

HARQ 

C3,4

(rep)

CQI/PCI

Carrier 1

Type A or B

CQI/PCI

Carrier 1(rep)

Type A or B

CQI/PCI

Carrier 2

Type A or B

CQI/PCI 

Carrier 2(rep)

Type A or B

CQI/PCI

Carrier 3

Type A or B

CQI/PCI

Carrier 3(rep)

Type A or B

CQI/PCI

Carrier 4

Type A or B

CQI/PCI

Carrier 4(rep)

Type A or B

HARQ 

C1,2

HARQ 

C1,2

(rep)

HARQ 

C3,4

HARQ 

C3,4

(rep)

HARQ 

C1,2

HARQ 

C1,2

(rep)

HARQ 

C1,2

(rep)

HARQ 

C1,2

(rep)

CQI/PCI

Carrier 1

Type A or B

CQI/PCI

Carrier 1(rep)

Type A or B

CQI/PCI

Carrier 2

Type A or B

CQI/PCI 

Carrier 2(rep)

Type A or B

DTX DTX DTX DTX

HARQ 

C1,2

HARQ 

C1,2

(rep)

HARQ 

C1,2

(rep)

HARQ 

C1,2

(rep)

8 C

6 C

4 C

2 C


Figure 2: 1xSF64 HS-DPCCH design for 8C-HSDPA

In 4C-HSDPA, the 1xSF256 HS-DPCCH is used for 3-carrier without MIMO configuration as the optimization case. This kind of optimization could also be extended to 6-carrier without MIMO configuration in 8C-HSDPA, that is to say, use the 1xSF128 HS-DPCCH for the above mentioned case. The Figure 3 below illustrates the principle. For 
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Figure 3: 1xSF128 HS-DPCCH design for 6-carrier

Proposal 8: The 6-carrier without MIMO configuration is treated as a special case.

Proposal 9: Whether the 7-carrier or 8-carrier without MIMO configuration are treated as a special case is FFS.

3 HS-SCCH order design
HS-SCCH orders as baseline approach for activating and/or deactivating downlink carriers should be extended to the 8C-HSDPA. 
HS-SCCH orders are commands sent to the UE using HS-SCCH. No HS-PDSCH is associated with HS-SCCH orders.

The following information is transmitted by means of the HS-SCCH order physical channel [3].

-
Order type (3 bits):








xodt,1, xodt,2, xodt,3
-
Order (3 bits):









xord,1, xord,2, xord,3

-
UE identity (16 bits):







xue,1, xue,2, …, xue,16
The order type xodt,1, xodt,2, xodt,3 = ‘000’ has been used to activate and deactivate DTX, DRX and HS-SCCH-less operation and HS-DSCH serving cell change. And the rest of HS-SCCH orders can be used to activate and deactivate secondary carriers.
In Rel-10, the HS-SCCH orders for activating and/or deactivating secondary serving HS-DSCH cells and secondary uplink frequency are listed in Table 1 [3].
Table 1: HS-SCCH orders for activating and/or deactivating secondary serving HS-DSCH cells and secondary uplink frequency for 4C-HSDPA
	Order Type
	Order Mapping
	Activation Status of Secondary Serving HS-DSCH cells and Secondary Uplink Frequency
A= Activate; D = De-activate

	xodt,1, xodt,2, xodt,3
	xord,1
	xord,2
	xord,3
	1st Secondary Serving HS-DSCH cell
	2nd Secondary Serving HS-DSCH cell
	3rd Secondary Serving HS-DSCH cell
	Secondary Uplink Frequency

	001
	0
	0
	0
	D
	D
	D
	D

	
	0
	0
	1
	A
	D
	D
	D

	
	0
	1
	1
	A
	D
	D
	A

	
	0
	1
	0
	D
	A
	D
	D

	
	1
	0
	0
	A
	A
	D
	D

	
	1
	0
	1
	A
	A
	D
	A

	
	1
	1
	0
	D
	D
	A
	D

	
	1
	1
	1
	A
	D
	A
	D

	010
	0
	0
	0
	A
	D
	A
	A

	
	0
	0
	1
	D
	A
	A
	D

	
	0
	1
	0
	A
	A
	A
	D

	
	0
	1
	1
	A
	A
	A
	A

	
	1
	0
	0
	Unused (Reserved)

	
	1
	0
	1
	Unused (Reserved)

	
	1
	1
	0
	Unused (Reserved)

	
	1
	1
	1
	Unused (Reserved)


For the 8C-HSDPA, if the 7 secondary downlink carriers and 1 uplink carriers can be activated/ deactivated independently, then 
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HS-SCCH orders are needed. However, the number of overall HS-SCCH orders is 56. So we have to seek for some other ways to solve this problem.
With the introduction of 8C-HSDPA, the impact to 4C-HSDPA should be kept as minimal as possible. When designing the HS-SCCH orders, the HS-SCCH order design principle for 4C-HSDPA should not be changed.
Working assumption 1: Per carrier activation for the 1st, 2nd and 3rd secondary carriers is maintained.
Working assumption 2: The HS-SCCH orders for the 1st, 2nd and 3rd secondary carriers are not changed.
3.1 Alternative 1

Reduce the HS-SCCH spread factor from SF128 to SF64. In this way, the HS-SCCH orders can be doubled. However, the HS-SCCH channel has other types to load the decoding information for downlink and the bit mapping way has to be changed. So it needs too much change to the specification.

3.2 Alternative 2
Put the 4th secondary carrier and 5th secondary carrier into one group, and the 6th secondary carrier and 7th secondary carrier into another group. The carriers in the same group are activated/deactivated at the same time. In this way, the current HS-SCCH order design can support this design scheme. The HS-SCCH orders in this method can be shown as in Table 2. The dark cells are compatiable with Rel-10.
Table 2: HS-SCCH orders for activating and/or deactivating secondary serving HS-DSCH cells and secondary uplink frequency, alternative 2
	Order Type
	Order Mapping
	Activation Status of Secondary Serving HS-DSCH cells and Secondary Uplink Frequency
A= Activate; D = De-activate

	xodt,1, xodt,2, xodt,3
	xord,1
	xord,2
	xord,3
	1st Secondary Serving HS-DSCH cell
	2nd Secondary Serving HS-DSCH cell
	3rd Secondary Serving HS-DSCH cell
	4th 5th Secondary Serving HS-DSCH cell
	6th 7th Secondary Serving HS-DSCH cell
	Secondary Uplink Frequency

	001
	0
	0
	0
	D
	D
	D
	D
	D
	D

	
	0
	0
	1
	A
	D
	D
	D
	D
	D

	
	0
	1
	1
	A
	D
	D
	D
	D
	A

	
	0
	1
	0
	D
	A
	D
	D
	D
	D

	
	1
	0
	0
	A
	A
	D
	D
	D
	D

	
	1
	0
	1
	A
	A
	D
	D
	D
	A

	
	1
	1
	0
	D
	D
	A
	D
	D
	D

	
	1
	1
	1
	A
	D
	A
	D
	D
	D

	010
	0
	0
	0
	A
	D
	A
	D
	D
	A

	
	0
	0
	1
	D
	A
	A
	D
	D
	D

	
	0
	1
	0
	A
	A
	A
	D
	D
	D

	
	0
	1
	1
	A
	A
	A
	D
	D
	A

	
	1
	0
	0
	D
	D
	D
	A
	D
	D

	
	1
	0
	1
	A
	D
	D
	A
	D
	D

	
	1
	1
	0
	A
	D
	D
	A
	D
	A

	
	1
	1
	1
	D
	A
	D
	A
	D
	D

	011
	0
	0
	0
	A
	A
	D
	A
	D
	D

	
	0
	0
	1
	A
	A
	D
	A
	D
	A

	
	0
	1
	1
	D
	D
	A
	A
	D
	D

	
	0
	1
	0
	A
	D
	A
	A
	D
	D

	
	1
	0
	0
	A
	D
	A
	A
	D
	A

	
	1
	0
	1
	D
	A
	A
	A
	D
	D

	
	1
	1
	0
	A
	A
	A
	A
	D
	D

	
	1
	1
	1
	A
	A
	A
	A
	D
	A

	100
	0
	0
	0
	D
	D
	D
	D
	A
	D

	
	0
	0
	1
	A
	D
	D
	D
	A
	D

	
	0
	1
	0
	A
	D
	D
	D
	A
	A

	
	0
	1
	1
	D
	A
	D
	D
	A
	D

	
	1
	0
	0
	A
	A
	D
	D
	A
	D

	
	1
	0
	1
	A
	A
	D
	D
	A
	A

	
	1
	1
	0
	D
	D
	A
	D
	A
	D

	
	1
	1
	1
	A
	D
	A
	D
	A
	D

	101
	0
	0
	0
	A
	D
	A
	D
	A
	A

	
	0
	0
	1
	D
	A
	A
	D
	A
	D

	
	0
	1
	1
	A
	A
	A
	D
	A
	D

	
	0
	1
	0
	A
	A
	A
	D
	A
	A

	
	1
	0
	0
	D
	D
	D
	A
	A
	D

	
	1
	0
	1
	A
	D
	D
	A
	A
	D

	
	1
	1
	0
	A
	D
	D
	A
	A
	A

	
	1
	1
	1
	D
	A
	D
	A
	A
	D

	110
	0
	0
	0
	A
	A
	D
	A
	A
	D

	
	0
	0
	1
	A
	A
	D
	A
	A
	A

	
	0
	1
	0
	D
	D
	A
	A
	A
	D

	
	0
	1
	1
	A
	D
	A
	A
	A
	D

	
	1
	0
	0
	A
	D
	A
	A
	A
	A

	
	1
	0
	1
	D
	A
	A
	A
	A
	D

	
	1
	1
	0
	A
	A
	A
	A
	A
	D

	
	1
	1
	1
	A
	A
	A
	A
	A
	A


3.3 Alternative 3

The 1st 2nd 3rd secondary carriers are as Rel-10 and could be activated/ deactivated independently. Put the 4th 5th 6th 7th secondary carriers into one group. The carriers in the same group are activated/deactivated at the same time. In this way, the current HS-SCCH order design can support this design scheme. The HS-SCCH orders in this method can be shown as in Table 3. The dark cells are compatible with Rel-10.
Table 3: HS-SCCH orders for activating and/or deactivating secondary serving HS-DSCH cells and secondary uplink frequency, alternative 3
	Order Type
	Order Mapping
	Activation Status of Secondary Serving HS-DSCH cells and Secondary Uplink Frequency
A= Activate; D = De-activate

	xodt,1, xodt,2, xodt,3
	xord,1
	xord,2
	xord,3
	1st Secondary Serving HS-DSCH cell
	2nd Secondary Serving HS-DSCH cell
	3rd Secondary Serving HS-DSCH cell
	4th 5th 6th 7th Secondary Serving HS-DSCH cell
	Secondary Uplink Frequency

	001
	0
	0
	0
	D
	D
	D
	D
	D

	
	0
	0
	1
	A
	D
	D
	D
	D

	
	0
	1
	1
	A
	D
	D
	D
	A

	
	0
	1
	0
	D
	A
	D
	D
	D

	
	1
	0
	0
	A
	A
	D
	D
	D

	
	1
	0
	1
	A
	A
	D
	D
	A

	
	1
	1
	0
	D
	D
	A
	D
	D

	
	1
	1
	1
	A
	D
	A
	D
	D

	010
	0
	0
	0
	A
	D
	A
	D
	A

	
	0
	0
	1
	D
	A
	A
	D
	D

	
	0
	1
	0
	A
	A
	A
	D
	D

	
	0
	1
	1
	A
	A
	A
	D
	A

	
	1
	0
	0
	D
	D
	D
	A
	D

	
	1
	0
	1
	A
	D
	D
	A
	D

	
	1
	1
	0
	A
	D
	D
	A
	A

	
	1
	1
	1
	D
	A
	D
	A
	D

	011
	0
	0
	0
	A
	A
	D
	A
	D

	
	0
	0
	1
	A
	A
	D
	A
	A

	
	0
	1
	0
	D
	D
	A
	A
	D

	
	0
	1
	1
	A
	D
	A
	A
	D

	
	1
	0
	0
	A
	D
	A
	A
	A

	
	1
	0
	1
	D
	A
	A
	A
	D

	
	1
	1
	0
	A
	A
	A
	A
	D

	
	1
	1
	1
	A
	A
	A
	A
	A


3.4 Alternative 4
Any of 4th, 5th, 6th, 7th carriers being activated should base on all the 1st, 2nd and 3rd carriers are activated.
The HS-SCCH orders in this method can be shown as in Table 4. The dark cells are compatiable with Rel-10.

Table 4: HS-SCCH orders for activating and/or deactivating secondary serving HS-DSCH cells and secondary uplink frequency, alternative 4
	Order Type
	Order Mapping
	Activation Status of Secondary Serving HS-DSCH cells
and Secondary Uplink Frequency
A= Activate; D = De-activate


	xodt,1, xodt,2, xodt,3
	xord,1
	xord,2
	xord,3
	1st
Secondary
Serving HS-DSCH cell
	2nd
Secondary 

Serving HS-DSCH cell
	3rd
Secondary Serving 
HS-DSCH cell
	4th
Secondary Serving 
HS-DSCH 

cell
	5th Secondary Serving 
HS-DSCH cell
	6th  Secondary Serving 
HS-DSCH cell
	7th Secondary Serving 
HS-DSCH cell
	Secondary Uplink Frequency

	001
	0
	0
	0
	D
	D
	D
	D
	D
	D
	D
	D

	
	0
	0
	1
	A
	D
	D
	D
	D
	D
	D
	D

	
	0
	1
	1
	A
	D
	D
	D
	D
	D
	D
	A

	
	0
	1
	0
	D
	A
	D
	D
	D
	D
	D
	D

	
	1
	0
	0
	A
	A
	D
	D
	D
	D
	D
	D

	
	1
	0
	1
	A
	A
	D
	D
	D
	D
	D
	A

	
	1
	1
	0
	D
	D
	A
	D
	D
	D
	D
	D

	
	1
	1
	1
	A
	D
	A
	D
	D
	D
	D
	D

	010
	0
	0
	0
	A
	D
	A
	D
	D
	D
	D
	A

	
	0
	0
	1
	D
	A
	A
	D
	D
	D
	D
	D

	
	0
	1
	0
	A
	A
	A
	D
	D
	D
	D
	D

	
	0
	1
	1
	A
	A
	A
	D
	D
	D
	D
	A

	
	1
	0
	0
	A
	A
	A
	A
	D
	D
	D
	D

	
	1
	0
	1
	A
	A
	A
	A
	D
	D
	D
	A

	
	1
	1
	0
	A
	A
	A
	D
	A
	D
	D
	D

	
	1
	1
	1
	A
	A
	A
	D
	A
	D
	D
	A

	011
	0
	0
	0
	A
	A
	A
	D
	D
	A
	D
	D

	
	0
	0
	1
	A
	A
	A
	D
	D
	A
	D
	A

	
	0
	1
	0
	A
	A
	A
	D
	D
	D
	A
	D

	
	0
	1
	1
	A
	A
	A
	D
	D
	D
	A
	A

	
	1
	0
	0
	A
	A
	A
	A
	A
	D
	D
	D

	
	1
	0
	1
	A
	A
	A
	A
	A
	D
	D
	A

	
	1
	1
	0
	A
	A
	A
	A
	D
	A
	D
	D

	
	1
	1
	1
	A
	A
	A
	A
	D
	A
	D
	A

	100
	0
	0
	0
	A
	A
	A
	A
	D
	D
	A
	D

	
	0
	0
	1
	A
	A
	A
	A
	D
	D
	A
	A

	
	0
	1
	0
	A
	A
	A
	D
	A
	A
	D
	D

	
	0
	1
	1
	A
	A
	A
	D
	A
	A
	D
	A

	
	1
	0
	0
	A
	A
	A
	D
	A
	D
	A
	D

	
	1
	0
	1
	A
	A
	A
	D
	A
	D
	A
	A

	
	1
	1
	0
	A
	A
	A
	D
	D
	A
	A
	D

	
	1
	1
	1
	A
	A
	A
	D
	D
	A
	A
	A

	101
	0
	0
	0
	A
	A
	A
	A
	A
	A
	D
	D

	
	0
	0
	1
	A
	A
	A
	A
	A
	A
	D
	A

	
	0
	1
	0
	A
	A
	A
	A
	A
	D
	A
	D

	
	0
	1
	1
	A
	A
	A
	A
	A
	D
	A
	A

	
	1
	0
	0
	A
	A
	A
	A
	D
	A
	A
	D

	
	1
	0
	1
	A
	A
	A
	A
	D
	A
	A
	A

	
	1
	1
	0
	A
	A
	A
	D
	A
	A
	A
	D

	
	1
	1
	1
	A
	A
	A
	D
	A
	A
	A
	A

	110
	0
	0
	0
	A
	A
	A
	A
	A
	A
	A
	D

	
	0
	0
	1
	A
	A
	A
	A
	A
	A
	A
	A


Proposal 10: HS-SCCH orders for activating / deactivating the secondary serving HS-DSCH cells and secondary uplink frequency in 8C-HSDPA should be considered.
4 UE category
The UE category is not only defined by the peak data rate but also reflects the capacity of UE. The factors include: maximum number of downlink carriers supported, maximum number of downlink carriers with MIMO supported, the highest supported modulations, and highest Turbo code rate.
However, if all the above factors are comprehensively considered, the total number of UE categories for 8 carriers HSDPA will be very large. In general, it is desirable to avoid a large number of UE categories, because it will reduce the complexity of network implementation and simplify the specification.
Proposal 11: 8C-HSDPA UE category should be considered and defined.
5 Conclusions
In this contribution, some aspects on 8C-HSDPA have been discussed and the proposals are,
Working assumption 1: Per carrier activation for the 1st, 2nd and 3rd secondary carriers is maintained.
Working assumption 2: The HS-SCCH orders for the 1st, 2nd and 3rd secondary carriers are not changed.
Proposal 1: 1xSF64 HS-DPCCH solution is taken as the working assumption to support 8C-HSDPA with MIMO system.
Proposal 2: The 1xSF64 HS-DPCCH code design is the working assumption for 8C-HSDPA. 

Proposal 3: The HARQ message of one group is transmitted in a time-multiplexed way with that of the other groups.

Proposal 4: The HARQ message of carrier 1&2 and carrier 7&8 is transmitted in one half-slot, carrier 3&4 and carrier 5&6 in one half-slot. 

Proposal 5: The CQI/PCI of carrier 1 and carrier 8 is transmitted in a slot, carrier 2 and 7 in a slot, carrier 3 and 6 in a slot, carrier 4 and 5 in a slot.
Proposal 6: The HS-DPCCH format is not changed when the secondary carriers are activated and deactivated.
Proposal 7: The half-slot transmission in HARQ slot or CQI/PCI slot should be avoided by repetition.
Proposal 8: The 6-carrier without MIMO configuration is treated as a special case.
Proposal 9: Whether the 7-carrier or 8-carrier without MIMO configuration are treated as a special case is FFS.
Proposal 10: HS-SCCH orders for activating / deactivating the secondary serving HS-DSCH cells and secondary uplink frequency in 8C-HSDPA should be considered.
Proposal 11: 8C-HSDPA UE category should be considered and defined.
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