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1 Introduction 
At RAN#45, a Work Item on 4 carriers HSDPA was proposed [1] and a way forward in [2] was agreed so that RAN1 could initiate studies on the detailed scope of the WID with the different allowed components.  

This contribution discusses the implementation procedure of activation/deactivation of secondary carriers in detail.
2 Discussion
Our discussion is based on the following assumptions:
· Pairing of the primary (anchor) carrier on the UL with the primary (anchor) carrier on the DL
· The maximum number of UL carriers configured in 4C-HSDPA is 2

· 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
2.1 HS-SCCH order and mappings

As described in [3], 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”, this HS-SCCH order is used for activation/deactivation of DTX, DRX and HS-SCCH-less operation.

When the order type is “001”, this 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/de-activation order. When additional uplink carrier is needed to handle the increased amount of feedback in uplink, it also needs an additional bit for the activation/deactivation order. It has been referred above that the “order” part in a HS-SCCH order only includes 3 bits so it has to utilize the “order” and “order type” simultaneously to design the activation-/deactivation order. 
Although the number of carriers configured in uplink is limited to 2, UL3 and UL4 are also possible to be activated instead of UL2. This is based on the following considerations,

· The uplink frequencies are determined according to the downlink frequencies assignment in FDD. In case that the UL primary frequency is assigned to the centre carriers, the UL secondary frequency can be adjacent to the UL primary carrier on either the left side or the right side.

· In a future release, it would be possible to support a 4-carrier HSUPA. It’s a future-proof design to be able to activate / de-activate UL3 or UL4 rather than limit only to UL2.

The order mappings and functionalities proposed in [4] didn’t take UL3 and UL4 into account. Thus, we complement the possible carrier configurations given in [4] and show all the possible carrier configurations in Table 1. The “DL1/UL1” referred in Table 1 denotes the downlink/uplink primary carrier respectively which can not be deactivated by definition. The carrier configuration needs to be signalled to UE through orders from the serving Node B. All transitions between different carrier configurations are supported. The order type and mappings are listed in Table 2. 
Table 1.  Possible Configuration for 4DL and 2UL carriers

	configuration
	UL4
	DL4
	UL3
	DL3
	UL2
	DL2
	UL1
	DL1

	0
	　
	　
	　
	　
	　
	　
	X
	X

	1
	　
	　
	　
	　
	　
	X
	X
	X

	2
	　
	　
	　
	　
	X
	X
	X
	X

	3
	　
	　
	　
	X
	　
	　
	X
	X

	4
	　
	　
	X
	X
	　
	　
	X
	X

	5
	　
	　
	　
	X
	　
	X
	X
	X

	6
	　
	　
	　
	X
	X
	X
	X
	X

	7
	　
	　
	X
	X
	　
	X
	X
	X

	8
	　
	X
	　
	　
	　
	　
	X
	X

	9
	X
	X
	　
	　
	　
	　
	X
	X

	10
	　
	X
	　
	　
	　
	X
	X
	X

	11
	　
	X
	　
	　
	X
	X
	X
	X

	12
	X
	X
	　
	　
	　
	X
	X
	X

	13
	　
	X
	　
	X
	　
	　
	X
	X

	14
	　
	X
	X
	X
	　
	　
	X
	X

	15
	X
	X
	　
	X
	　
	　
	X
	X

	16
	　
	X
	　
	X
	　
	X
	X
	X

	17
	　
	X
	　
	X
	X
	X
	X
	X

	18
	　
	X
	X
	X
	　
	X
	X
	X

	19
	X
	X
	　
	X
	　
	X
	X
	X


Table 2. Order Mappings and Configurations for 4C-HSDPA
	order type
	order mapping
	configuration

	
	xord,1
	xord,2
	xord,3
	

	001
	0
	0
	0
	UL1;DL1

	
	0
	0
	1
	UL1;DL1,DL2

	
	0
	1
	0
	UL1,UL2;DL1,DL2

	
	0
	1
	1
	UL1;DL1,DL3

	
	1
	0
	0
	UL1,UL3;DL1,DL3

	
	1
	0
	1
	UL1;DL1,DL2,DL3

	
	1
	1
	0
	UL1,UL2;DL1,DL2,DL3

	
	1
	1
	1
	UL1,UL3;DL1,DL2,DL3

	010
	0
	0
	0
	UL1;DL1,DL4

	
	0
	0
	1
	UL1,UL4;DL1,DL4

	
	0
	1
	0
	UL1;DL1,DL2,DL4

	
	0
	1
	1
	UL1,UL2;DL1,DL2,DL4

	
	1
	0
	0
	UL1,UL4;DL1,DL2,DL4

	
	1
	0
	1
	UL1;DL1,DL3,DL4

	
	1
	1
	0
	UL1,UL3;DL1,DL3,DL4

	
	1
	1
	1
	UL1,UL4;DL1,DL3,DL4

	011
	0
	0
	0
	UL1;DL1,DL2,DL3,DL4

	
	0
	0
	1
	UL1,UL2;DL1,DL2,DL3,DL4

	
	0
	1
	0
	UL1,UL3;DL1,DL2,DL3,DL4

	
	0
	1
	1
	UL1,UL4;DL1,DL2,DL3,DL4


2.2 Frequency identification

Within the configured frequency spectrum (10/15/20 MHz), the primary carrier is random and signalled to each UE by the network. The notations “DLn” and “ULn” in Table 2 are for logical frequency. There have to be a way to map between the logical frequency and the physical frequency Fi. To support the order mappings in Table 2, we have to specify frequency identifiers to distinguish between different frequencies.
What we proposed for the mapping in this paper is that, the primary frequency is fixed to DL1 and UL1 and the secondary frequencies are mapped into DLn and ULn according to the order of their frequency location.

Figure 1 shows the frequency identifier mappings when 4C-HSDPA is configured on single frequency band. It should be noted that, the UL frequencies are marked with F1 – F4 but up to two uplink carriers are supported within the 4C-HSDPA feature.
Figure 2 and Figure 3 illustrate the frequency identifier mappings when 4C-HSDPA is configured on multiple frequency bands.
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Figure 1. Frequency identifier mappings (single frequency band)
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Figure 2. Frequency identifier mappings (multiple frequency bands with one carrier in lower band and three carriers in higher band)
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Figure 3. Frequency identifier mappings (multiple frequency bands with two carriers in each band)
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Figure 4. Frequency identifier mappings (multiple frequency bands with three carriers in lower band and one carrier in higher band)

According to the above figures, we can find that the primary carrier is always identified by “1” (DL1 or UL1). For secondary carriers, the carrier with the lowest frequency is associated with “2” (DL2 or UL2) and the carrier with the highest frequency is associated with “4” (DL4 or UL4). Each identifier corresponds to one downlink or uplink carrier, e.g. “2” corresponds to DL2 or UL2 referred in Table 2. After the primary carrier is assigned by UTRAN, the frequency identifier mapping is certain. For example, if F2 is set as the primary carrier, the type 2 frequency identifier mapping will be used in the order mapping. 
3 Conclusion 
In this contribution, we specify the frequency identifiers to distinguish different carriers. With these identifiers, we can utilize the order mappings given in Table 2 to implement the procedure of activation/de-activation of secondary carriers in 4C-HSDPA. We have the following proposals:
Proposal 1: HS-SCCH orders should continue to be used for activation/deactivation of carriers.

Proposal 2: Activation/deactivation of carriers is supported on a per-carrier basis.
Proposal 3: Support paring of the primary carrier on the UL with the primary carrier on the DL.

Proposal 4: The order type and order mapping for different UL/DL carrier configurations illustrated in Table 2 should be supported.

Proposal 5: The frequency identifier mappings illustrated in Figure1, Figure 2, Figure 3 and Figure 4 should be accepted in 4C-HSDPA.
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