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1 Introduction
8-carrier HSDPA was approved as a work item at the RAN#50 plenary [1].  A key issue currently being discussed is carrier activation/deactivation, at RAN1 #63bis meeting several views were presented ([2]
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[5]). It was agreed that further discussion on the design of carrier activation/deactivation for 8-carrier HSDPA is needed. This contribution discusses various considerations for carrier activation/deactivation and HS-SCCH order design options for 8-carrier HSDPA.  Specifically, the principles for carrier activation/deactivation in 8C-HSDPA are discussed in Section 2.1 and rules for design of HS-SCCH orders are discussed in Section 2.2.
2 Discussion
2.1 Principle of Carrier activation/deactivation in 8-carrier HSDPA 

HS-SCCH orders have been used for carrier activation/deactivation in Release 8, 9 and 10; it seems a straightforward solution for this purpose in Release 11 8-carrier HSDPA to continue the use of HS-SCCH orders for carrier activation/deactivation. 
Therefore, we propose the following:
Proposal 1: Agree to use HS-SCCH orders for activation/deactivation of the secondary carriers in 8-carrier HSDPA. 
In R10 4-carrier HSDPA, a single HS-SCCH order is used to simultaneously activate/deactivate all configured secondary carriers on per-carrier basis. If this principle is continued to be used for designing the HS-SCCH orders for carrier activation/deactivation in 8-carrier HSDPA, the increase in the number of carriers presents a problem given the limited information size of the current orders: As currently described in [6], the following information is transmitted by means of the HS-SCCH order physical channel:
· Order type (3 bits): xodt,1, xodt,2, xodt,3
· Order (3 bits): xord,1, xord,2, xord,3
Further increasing the information size limit of the current HS-SCCH order design is the need for the orders to also provide activation and deactivation of DTX, DRX and HS-SCCH-less operation and for HS-DSCH serving cell change when the order type is “000”.  Therefore the total number of HS-SCCH orders available for carrier activation/deactivation is 56, which means a single HS-SCCH order can simultaneously activate/deactivate up to 5 secondary serving HS-DSCH cells and 1 secondary uplink frequency as 12 HS-SCCH orders used to activate/deactivate 3 secondary serving HS-SCCH cells and 1 secondary uplink frequency in 4-carrier HSDPA and (12*22=48) <56< (12*23=96). This number of activation/deactivation states (56) is not adequate to meet the needs of a UE with 8 downlink carriers and 2 uplink carriers in 8-carrier HSDPA, as a total of 192 unique HS-SCCH orders are needed to allow a single HS-SCCH order to simultaneously activate/deactivate 7 secondary serving HS-DSCH cells and 1 secondary uplink frequency, which requires 8bits to represent as 27< (192+8) <28.
The not having enough order bits to simultaneously activate/deactivate all configured secondary carriers by a single HS-SCCH order in 8-carrier HSDPA may be resolved by using either of the following two families of solutions:
· Solution1: Using one single HS-SCCH order to activate/deactivate all configured secondary carriers in 8-carrier HSDPA. 
This solution can be implemented by extending order bits or reducing carrier activation/deactivation states to be represented. It is obvious that Solution 1 uses the least L1 signaling overhead (i.e., the lease number of HS-SCCH order), to activate/deactivate secondary carriers in 8-carrier HSDPA at the cost of either impacting the coding of the existing HS-SCCH order physical channel or reducing the NodeB scheduling flexibility depending on the detailed HS-SCCH order design.
· Solution2: Using two HS-SCCH order to activate/deactivate all configured secondary carriers in 8-carrier HSDPA. 
The rational is that additional 4 secondary serving HS-DSCH cells (i.e., the 4th – 7th secondary serving HS-DSCH cells) can be activated/deactivated by another HS-SCCH order on per-carrier basis as there are only 16 carrier activation/deactivation states to be represented while there are still 44 (i.e., 56-12=44) unique HS-SCCH orders available in addition to the 12 HS-SCCH orders used in the existing HS-SCCH order mapping table for carrier activation/deactivation in 4-carrier HSDPA [6]. Compared to Solution 1, Solution 2 will not impact the coding of the existing HS-SCCH order physical channel and will continue providing the NodeB scheduling flexibility on per-carrier basis at the expense of L1 some additional signaling overhead, i.e., two HS-SCCH orders instead of one single HS-SCCH order. 
Based on these two families of solutions above, the detailed HS-SCCH order design for 8-carrier HSDPA without and with pairing carriers is elaborated in the following Section 2.2.

2.2 HS-SCCH order design for 8-carrier HSDPA
In earlier releases of multi-carrier evolution, one HSDPA transport block (TrBlk) is transmitted on one carrier and thus the amount of L1 control information signaling required to support these carriers generally increases almost by the same factor as the number of carriers. In order to reduce the feedback signaling load of HS-DPCCH and reuse 4-carrier HSDPA HS-DPCCH format with SF128 in 8-carrier HSDPA, it was proposed to span one HSDPA TrBlk over a paired carrier in [4]. Based on two families of solutions above, HS-SCCH order design for 8-carrier HSDPA without and with pairing carriers is respectively discussed in Section 2.2.1 and Section 2.2.2. 
2.2.1 Carrier activation/deactivation in 8-carrier HSDPA without pairing carriers
2.2.1.1 A single HS-SCCH order to activate/deactivate carrier
Using one single HS-SCCH order to activate/deactivate all configured secondary carriers in 8-carrier HSDPA without pairing carriers may be implemented by any of the following two methods: 

· Method 1: Extending order bits from 6 to 8 bits to construct 192 unique HS-SCCH orders for activation/deactivation of the secondary serving HS-DSCH cells and secondary uplink frequency in 8-carrier HSDPA. The additional 2 bits may be obtained by reinterpreting or allocating the 5th and 6th of the TBS bits as described in [2]. This method provides enough bits to activate/deactivate all configured secondary carriers by one single HS-SCCH order on per-carrier basis in 8-carrier HSDPA without pairing carriers, but it will impact the coding of the existing HS-SCCH order physical channel and increase the specification complexity to maintain the backward compatibility to previous releases.

· Method2: Reducing carrier activation/deactivation states to be represented from 192 to the number no more than 56. Method 2 may be implemented by activating/deactivating some of 4 additional carriers in 8-carrier HSDPA (i.e., 4th-7th secondary serving HS-DSCH cells) together as a group. For example, 4 additional carriers (4th-7th secondary serving HS-DSCH cells) can be activated/deactivated as one or 2 groups as described in [4]. Method 2 may also be implemented by a conditioning HS-SCCH order, i.e., any of 4 additional carriers (4th-7th secondary serving HS-DSCH cells) can be activated/deactivated individually based on all the 1st, 2ed, and 3rd secondary serving HS-DSCH cells’ activation status as proposed in [4].
Method 2 can activate/deactivate all configured secondary carriers by a single HS-SCCH order in 8-carrier HSDPA without pairing carriers, maintaining backwards compatibility without impacting the coding of HS-SCCH order and order mapping table in previous releases and seems to require less of specification effort than Method 1 above. However, Method 2 reduces the NodeB scheduling and HS-SCCH order flexibility to 4th-7th secondary serving HS-DSCH cells as some carriers are activated/deactivated as a group or limited by other carriers’ activation/deactivation status.
2.2.1.2 Dual HS-SCCH orders to activate/deactivate carrier 
Instead of using one single HS-SCCH order, dual HS-SCCH orders may be used to activate/deactivate all configured secondary carriers in 8-carrier HSDPA without pairing carriers by any of the following methods: 
· Method 1: As described in [2], it may be implemented by using two R10 4-carrier HSDPA HS-SCCH orders to activate/deactivate all configured secondary carriers in 8-carrier HSDPA without pairing of carriers.  This method does require some increasing the NodeB complexity and/or a reduced flexibility of HS-SCCH orders since the additional logic indicating which group the order refers to will need to be added. 
· Method 2: To address the concern of Method 1, instead of using two identical R10 4-carrier HSDPA HS-SCCH orders,  another set of HS-SCCH orders used to activate/deactivate additional 4 carriers (4th-7th secondary serving HS-DSCH cells) may be introduced, which is mutually exclusive with the set of HS-SCCH orders used for 4-carrier HSDPA as shown in Table 1.  Specifically, NodeB selects two HS-SCCH orders respectively from two sets of HS-SCCH orders allocating in green and blue areas of Table 1: one HS-SCCH order from green area is used to activate/deactivate the secondary carriers configured for 4-carrier HSDPA to maintain the backwards compatibility, and the other HS-SCCH order from blue area is used to activate/deactivate the additional 4 carriers (4th-7th secondary serving HS-DSCH cells) for 8-carrier HSDPA. Each HS-SCCH order can activate/deactivate the targeted carriers as defined in Table 1, where NA means the HS-SCCH order is not applied to (i.e. not used to activate/deactivate) the according secondary carrier.  Since the two HS-SCCH orders are mutually exclusive; there is no need to introduce additional logic to indicate which group the R10 4-carrier HSDPA type order is applied to in [2]. 
Based on Method 2, using two HS-SCCH orders can easily activate/deactivate all configured secondary carriers in 8-carrier HSDPA without pairing carriers on per-carrier basis and without increasing the NodeB complexity, while maintaining full flexibility of HS-SCCH orders. Furthermore, there is no impact on the coding of existing HS-SCCH order and order mapping table for 4-carrier HSDPA, and therefore it is easy to maintain the backward compatibility with minimal specification complexity.  There is an increase in the L1 signaling overhead, i.e., two HS-SCCH orders need to be signaled instead of one single HS-SCCH order, however considering the available and data rate in 8-carrier HSDPA, the increase of L1 signaling overhead from 1 HS-SCCH order to 2 HS-SCCH order should be acceptable.  
2.2.2 Carrier activation/deactivation in 8-carrier HSDPA with pairing carriers

As mentioned early, it was proposed to pair carriers in 8-carrier HSDPA to reduce the feedback signaling load of HS-DPCCH and reuse 4-carrier HSDPA HS-DPCCH format with SF128 in [4]
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[5]. In fact, if 8-carrier HSDPA with pairing carriers is adopted, when assuming all configured carriers are paired to 4 pairings, not only R10 4-carrier HSDPA HS-DPCCH format can be reused, but also R10 4-carrier HSDPA HS-SCCH order mapping table may be reused with the exceptional of mapping each pair of carriers in 8-carrier HSDPA being mapped to an individual carrier order in 4-carrier HSDA, i.e., the HS-SCCH order used to activate/deactivate that particular carrier will be used to activate/deactivate all carriers belonging to the paired carrier (as a group) mapping to that carrier. However, some restrictions may be required from carrier activation/deactivation perspective as follows:
· Since the primary carrier cannot be deactivated, the primary DL carrier (or serving HS-DSCH cell) may not be paired with other DL secondary carriers (or secondary serving HS-DSCH cells). In case that the primary DL carrier (or serving HS-DSCH cell) is paired with other DL carriers (or secondary serving HS-DSCH cells), the HS-SCCH order used to activate/deactivate the paired carrier may only activate/deactivate other DL carriers (or secondary serving HS-DSCH cells) in the paired carrier.

· If reusing R10 4-carrier HSDPA HS-SCCH order mapping table for 8-carrier HSDPA with pairing carriers, 1st secondary serving HS-DSCH cell may not be paired with other secondary serving HS-DSCH cells due to the association between 1st secondary serving HS-DSCH cell and the secondary uplink frequency when DC-HSUPA is configured, i.e., it is not desired to deactivate 1st secondary serving HS-DSCH cell due to the deactivation of another paired secondary serving HS-DSCH cell when the secondary uplink frequency is still activated.  

Due to pairing carriers in 8-carrier HSDPA, the states of carrier activation/deactivation are reduced and a single HS-SCCH order can simultaneously activate/deactivate all configured secondary carriers at the cost of the NodeB scheduling flexibility as the HS-SCCH order will activate/deactivate the paired carrier as a group.
2.2.3 Carrier activation/deactivation in 8-carrier HSDPA recommendation

The use of Method 2 of two HS-SCCH orders to activate/deactivate all configured secondary carriers in 8-carrier HSDPA without pairing carriers on per-carrier basis as described above, seems to be a simple and straight forward way to achieve single TTI carrier activation/deactivation with minimal complexity and the small but acceptable impact to the L1 control signaling overhead of requiring two simultaneous orders.  

Proposal 2: Agree that Method 2 of the dual HS-SCCH order approach should be used for carrier activation/deactivation in 8-carrier HSDPA.

Table 1 HS-SCCH order for carrier activation/deactivation in 8-carrier HSDPA without pairing carriers
	Order Type   
	Order Mapping
	Activation Status of Secondary Serving HS-DSCH cells and Secondary Uplink Frequency                                                                                                                                                         A= Activate; D = De-activate; NA = Not Applied;

	(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
	4th Secondary Serving HS-DSCH cell
	5th Secondary Serving HS-DSCH cell
	6th Secondary Serving HS-DSCH cell
	7th Secondary Serving HS-DSCH cell

	001
	0
	0
	0
	D
	D
	D
	D
	NA
	NA
	NA
	NA

	
	0
	0
	1
	A
	D
	D
	D
	NA
	NA
	NA
	NA

	
	0
	1
	1
	A
	D
	D
	A
	NA
	NA
	NA
	NA

	
	0
	1
	0
	D
	A
	D
	D
	NA
	NA
	NA
	NA

	
	1
	0
	0
	A
	A
	D
	D
	NA
	NA
	NA
	NA

	
	1
	0
	1
	A
	A
	D
	A
	NA
	NA
	NA
	NA

	
	1
	1
	0
	D
	D
	A
	D
	NA
	NA
	NA
	NA

	
	1
	1
	1
	A
	D
	A
	D
	NA
	NA
	NA
	NA

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

	
	0
	0
	1
	D
	A
	A
	D
	NA
	NA
	NA
	NA

	
	0
	1
	0
	A
	A
	A
	D
	NA
	NA
	NA
	NA

	
	0
	1
	1
	A
	A
	A
	A
	NA
	NA
	NA
	NA

	
	1
	0
	0
	NA
	NA
	NA
	NA
	D
	D
	D
	D

	
	1
	0
	1
	NA
	NA
	NA
	NA
	A
	D
	D
	D

	
	1
	1
	0
	NA
	NA
	NA
	NA
	D
	A
	D
	D

	
	1
	1
	1
	NA
	NA
	NA
	NA
	A
	A
	D
	D

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

	
	0
	0
	1
	NA
	NA
	NA
	NA
	A
	D
	A
	D

	
	0
	1
	0
	NA
	NA
	NA
	NA
	D
	A
	A
	D

	
	0
	1
	1
	NA
	NA
	NA
	NA
	A
	A
	A
	D

	
	1
	0
	0
	NA
	NA
	NA
	NA
	D
	D
	D
	A

	
	1
	0
	1
	NA
	NA
	NA
	NA
	A
	D
	D
	A

	
	1
	1
	0
	NA
	NA
	NA
	NA
	D
	A
	D
	A

	
	1
	1
	1
	NA
	NA
	NA
	NA
	A
	A
	D
	A

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

	
	0
	0
	1
	NA
	NA
	NA
	NA
	A
	D
	A
	A

	
	0
	1
	0
	NA
	NA
	NA
	NA
	D
	A
	A
	A

	
	0
	1
	1
	NA
	NA
	NA
	NA
	A
	A
	A
	A

	
	1
	0
	0
	Unused (Reserved)

	
	1
	0
	1
	Unused (Reserved)

	
	1
	1
	0
	Unused (Reserved)

	
	1
	1
	1
	Unused (Reserved)


3 Conclusion
We have discussed various considerations on the principle of carrier activation/deactivation in 8-carrier HSDPA, and HS-SCCH order design solutions on carrier activation/deactivation for 8-carrier HSDPA without and with pairing carriers.  The following is proposed:
Proposal 1: Agree to use HS-SCCH orders for activation/deactivation of the secondary carriers in 8C-HSDPA. 
Proposal 2: Agree that Method 2 of the dual HS-SCCH order approach should be used for carrier activation/deactivation in 8-carrier HSDPA.
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