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1 Introduction 
At RAN#46, a Work Item on 4C-HSDPA was approved [1]. In last RAN1#59bis meetings the activation / deactivation of secondary carriers was discussed [3] and the following was agreed [2],
Agreement:

· Working assumption that HS-SCCH orders are used for activating and deactivating secondary downlink carriers is confirmed.

· Note that per-carrier activation/de-activation may result in non-contiguous carriers being active.

· Note that UE categories have not yet been discussed in this context. 

Working Assumption:

· A single HS-SCCH order is used for all permitted multiple simultaneous activation/deactivations.

· Exact mapping of orders is FFS.

This contribution discusses the HS-SCCH Order mapping for per-carrier activation / deactivation of secondary carriers in detail. The contribution is based on [4].
2 Discussion
Our discussion is based on the following assumptions:
· The maximum number of UL carriers activated in 4C-HSDPA is 2
· Activated uplink carriers are adjacent
· Non-adjacent downlink carriers within one band being activated is not excluded
· If a uplink carrier is activated, the corresponding downlink carrier is also activated

· The maximum number of frequency bands configured in 4C-HSDPA is 2
· Higher layer signalling is used to configure a UE with the required information of downlink and uplink carriers 
2.1 Carrier Activation / Deactivation Configurations
A UE would be configured with up to four DL carriers, denoted as DL1, DL2, DL3 and DL4, without losing generality, DL1 is the downlink primary carrier. Correspondingly, the up to four UL carriers are denoted as UL1, UL2, UL3 and UL4, and UL1 is the uplink primary carrier. The DLn / ULn carriers should be mapped with the particular frequencies in a certain manner.
In Annex A we present an example way of how the DLn / ULn carriers could be mapped with the particular frequencies, for both adjacent and non-adjacent carrier configurations. Figure 1 is the example for three-carrier HSDPA and Figure 2 for four-carrier HSDPA, where ‘n’ in the rectangle stands for ‘DLn’ for downlink carriers and ‘ULn’ for uplink carriers. In this example, DL2 / UL2 are always the adjacent carrier to DL1 / UL1. In case of the primary carrier being a center carrier, the carrier to the left of primary carrier is assigned with DL2 / UL2 and the carrier to the right of primary carrier with DL3 / UL3. In case of across more than one band, the secondary carriers are denoted as if there is no distance existing between the bands.
It is worth noting that different ways of mapping DLn / ULn carriers to particular frequencies would cause different designs of HS-SCCH Order. For example, with the mapping way in Annex A the number of possible configurations for Release-10 is 16, as illustrated in Table 1 below, while the number is 20 with the mapping way in section 2.2 of reference [6].
Table 1: Possible Configuration for 4DL and 2UL carriers

	Configuration
	DL4
	DL3
	DL2
	DL1
	UL4
	UL3
	UL2
	UL1

	0
	　
	　
	　
	A
	　
	　
	　
	A

	1
	　
	　
	A
	A
	　
	　
	　
	A

	2
	　
	　
	A
	A
	　
	　
	A
	A

	3
	　
	A
	　
	A
	　
	　
	　
	A

	4
	　
	A
	　
	A
	　
	A
	　
	A

	5
	　
	A
	A
	A
	　
	　
	　
	A

	6
	　
	A
	A
	A
	　
	　
	A
	A

	7
	　
	A
	A
	A
	　
	A
	　
	A

	8
	A
	　
	　
	A
	　
	　
	　
	A

	9
	A
	　
	A
	A
	　
	　
	　
	A

	10
	A
	　
	A
	A
	　
	　
	A
	A

	11
	A
	A
	　
	A
	　
	　
	　
	A

	12
	A
	A
	　
	A
	　
	A
	　
	A

	13
	A
	A
	A
	A
	　
	　
	　
	A

	14
	A
	A
	A
	A
	　
	　
	A
	A

	15
	A
	A
	A
	A
	　
	A
	　
	A

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


So we have the following proposals,

Proposal 1: Discuss in RAN1 and determine the way of how the downlink carrier in the HS-SCCH Order is mapped with a particular frequency.
Proposal 2: Discuss in RAN1 and determine the way of how the uplink carrier in the HS-SCCH Order is mapped with a particular frequency.

2.2 HS-SCCH Order Design
As specified in [8], a HS-SCCH order mainly includes the following information:

· Order type (3 bits)

· Order (3 bits)

· UE identity (16 bits)

When the order type is “000”, the HS-SCCH order is used for activation / deactivation of DTX, DRX and HS-SCCH-less operation.

When the order type is “001”, the HS-SCCH order is used for activation / deactivation of secondary carriers. It is simple to design the activation / deactivation order for DC-HSDPA because there is only one secondary carrier so that it only needs one bit. Since 4C-HSDPA has three secondary carriers, it will need 3 bits for the activation /deactivation order. When additional uplink carrier is needed to handle the increased amount of traffic in uplink, it also needs an additional bit for the activation / deactivation order. Meanwhile, for a future-proof design, it cannot exclude the supporting of possible extension to four carriers in uplink. So we propose to adopt the lookup table method for designing HS-SCCH Order mappings. It has been referred above that the “order” part in a HS-SCCH order only includes 3 bits so we utilize the “order” and “order type” simultaneously to design the activation / deactivation order. Table 2 lists the order mappings for the 4C-HSDPA for possible configurations in Table 1.
Table 2: Order Mappings for 4C-HSDPA
	Order TYPE
	Order
	DL4
	DL3
	DL2
	DL1
	UL4
	UL3
	UL2
	UL1

	
	x_ord,1
	x_ord,2
	x_ord,3
	
	
	
	
	
	
	
	

	001
	0
	0
	0
	　
	　
	　
	A
	　
	　
	　
	A

	001
	0
	0
	1
	　
	　
	A
	A
	　
	　
	　
	A

	001
	0
	1
	1
	　
	　
	A
	A
	　
	　
	A
	A

	001
	0
	1
	0
	　
	A
	　
	A
	　
	　
	　
	A

	001
	1
	0
	0
	　
	A
	　
	A
	　
	A
	　
	A

	001
	1
	0
	1
	　
	A
	A
	A
	　
	　
	　
	A

	001
	1
	1
	0
	　
	A
	A
	A
	　
	　
	A
	A

	001
	1
	1
	1
	　
	A
	A
	A
	　
	A
	　
	A

	010
	0
	0
	0
	A
	　
	　
	A
	　
	　
	　
	A

	010
	0
	0
	1
	A
	　
	A
	A
	　
	　
	　
	A

	010
	0
	1
	0
	A
	　
	A
	A
	　
	　
	A
	A

	010
	0
	1
	1
	A
	A
	　
	A
	　
	　
	　
	A

	010
	1
	0
	0
	A
	A
	　
	A
	　
	A
	　
	A

	010
	1
	0
	1
	A
	A
	A
	A
	　
	　
	　
	A

	010
	1
	1
	0
	A
	A
	A
	A
	　
	　
	A
	A

	010
	1
	1
	1
	A
	A
	A
	A
	　
	A
	　
	A

	Note: ‘A’ stands for a carrier being activated. The first 3 orders were already specified in Release-8 and Release-9.


With this order mapping, the per-carrier activation / deactivation is achieved within one HS-SCCH order, meanwhile without imposing any unreasonable restrictions on carrier activation / deactivation. So we have the proposal,

Proposal 3: Adopt the lookup table method for designing HS-SCCH Order mappings for 4C-HSDPA.
Proposal 4: Consider and accept order mappings in Table 2 for HS-SCCH Order design in 4C-HSDPA.

3 Conclusion 
In this contribution, we discussed the possible configurations for carrier activation / deactivation and pointed out that different ways of mapping carriers to particular frequencies would cause different designs of HS-SCCH Order. Furthermore, the HS-SCCH Order design for 4C-HSDPA was discussed and presented the order mappings.
We have the following proposals:
Proposal 1: Discuss in RAN1 and determine the way of how the downlink carrier in the HS-SCCH Order is mapped with a particular frequency.
Proposal 2: Discuss in RAN1 and determine the way of how the uplink carrier in the HS-SCCH Order is mapped with a particular frequency.
Proposal 3: Adopt the lookup table method for designing HS-SCCH Order mappings for 4C-HSDPA.
Proposal 4: Consider and accept order mappings in Table 2 for HS-SCCH Order design in 4C-HSDPA.
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5 Annex A: Carrier Mapping for 4C-HSDPA
In the Annex A we list the carrier mapping with particular frequency for 4C-HSDPA for both adjacent and non-adjacent carrier scenarios. Figure 1 is the example for three-carrier HSDPA and Figure 2 for four-carrier HSDPA, where ‘n’ in the rectangle stands for ‘DLn’ for downlink carriers and ‘ULn’ for uplink carriers, Fi is a 5MHz carrier, F1 / F2 / F3 / F4 are ascending-ordered according to their frequency location. The downlink and the uplink carriers are with the same mapping way. DL2 / UL2 are always the adjacent carrier to DL1 / UL1. In case of the primary carrier DL1 or UL1 being a center carrier, the carrier to the left of primary carrier is assigned with DL2 / UL2 and the carrier to the right of primary carrier into DL3 / UL3. In case of across more than one band, the secondary carriers are denoted as if there is no distance existing between the bands.
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(a) Adjacent carriers
[image: image2.emf]F1 F2 F3 F1 F2 F3

1 2 3 1 2 3

2 1 3 2 1 3

3 2 1 3 2 1

UL DL


(b) Non-adjacent carrier 1+2
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(c) Non-adjacent carrier 2+1

Figure 1: Carrier configuration for three-carrier HSDPA
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(a) Adjacent carriers
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(b) Non-adjacent carrier 1+3
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(c) Non-adjacent carrier 2+2
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(d) Non-adjacent carrier 3+1
Figure 2: Carrier configuration for four-carrier HSDPA
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