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1 Introduction
At RAN#46, the detailed scope of the WID on 4-carrier HSDPA with the different allowed components was agreed [1]. Prior to the agreed WID there were discussion over the RAN1 reflector and Tdocs were presented at RAN WG1 #59 addressing key WI issues [2][4].  
This contribution discusses various considerations for carrier activation/deactivation and HS-SCCH order design options for 4-carrier HSDPA.  Specifically, the principles for individual carrier activation/deactivation are discussed in Section 2.1 and rules for design of HS-SCCH orders are discussed in Section 2.2.
2 Discussion
2.1 Individual Carrier Activation/Deactivation

Considering that HS-SCCH orders have been used for carrier activation/deactivation in Release 8 and 9, per-carrier activation/deactivation should be considered as a possible design option going forward for 4C-HSDPA.  Moreover, HS-SCCH orders should continue to be used for this purpose, as we supported in the email discussion prior to RAN WG1 #59 [2]. There are several reasons to introduce carrier activation/deactivation using HS-SCCH orders on per-carrier basis: 
· First of all, from a network resource management point-of-view, different carriers will have different loads that vary dynamically over time.  The network could substantially benefit from fast per-carrier activation/deactivation so as to balance the load across carriers while ensuring optimal UE battery consumption.  
· Secondly, as UE traffic volume and channel conditions on each carrier may vary dynamically, fast activation/deactivation of individual carriers is beneficial in order to optimize UE battery consumption. 
· Thirdly, since HS-SCCH orders have been used since Release 7 to allow the Node B to dynamically control UE behaviors, it seems like a natural extension to continue using HS-SCCH orders to activate/deactivation carriers on a per-carrier basis.  
Therefore, the following is proposed:
Proposal 1: Specify fast activation/deactivation of carriers on a per-carrier basis for 4C-HSDPA. 
Proposal 2: Use HS-SCCH orders for the purpose of activating/de-activating individual carriers. 
2.2 Considerations for Activation/Deactivation Order Design

In R8 DC-HSDPA and R9 DC-HSUPA, HS-SCCH orders have been used for carrier activation/deactivation. As currently described in [3], 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
When the order type is “000”, the HS-SCCH order is used for activation/deactivation of DTX, DRX, HS-SCCH-less operation and HS-DSCH serving cell change. When the order type is “001”, the HS-SCCH order is used for activation/deactivation of secondary UL and DL carriers, and order bits (xord,1, xord,2, xord,3) are specified as follows:
· 011 means activation of both secondary UL and DL carriers
· 001 means activation of secondary DL carrier and deactivation of secondary UL carrier
· 000 means deactivation of both secondary UL and DL carriers
· 1xx and 010 are reserved

For DC-HSDPA, there is a single secondary DL carrier to be activated or deactivated, so HS-SCCH order design required a single order bit to indicate activation or deactivation of the secondary DL carrier. When 4C-HSDPA is configured with 1 UL carrier, 3 order bits to activate/deactivate the 3 secondary DL carriers are required as there are 8 possible carrier configuration states. Considering the limited number of order bits available and the existing orders in use in R9 DC-HSUPA (where 2 of 3 order bits are used for activation/deactivation of the secondary UL and DL carriers as described above) there are not enough order bits available to support all possible configuration states for 2 additional secondary DL carrier occurs as there is only 1 order bit available within the existing order type. 
In order to resolve this problem when activating/deactivating multiple carriers simultaneously in 4C-HSDPA, two design options are explored further below.  In one design option, carriers are activated or deactivated separately using different HS-SCCH orders (i.e. the command sent in the HS-SCCH order is applied to a single carrier).  In the other design option, a single HS-SCCH order can be used to activate or deactivate all carriers individually at once.  

Note that other design options that lie in between could also be considered for HS-SCCH order design for carrier activation/deactivation in 4C-HSDPA, where L1 control   efficiency and specification/design complexity would be traded-off. 

Option 1: Each carrier is activated or deactivated separately by using a different HS-SCCH order (i.e. the command sent in the HS-SCCH order is applied to a single carrier).  
As part of this design option, each carrier is activated or deactivated separately by using a different HS-SCCH order (i.e. the command sent in the HS-SCCH order is applied to a single carrier).  Other than the benefits from per-carrier based activation/deactivation described in Section 2.1, option 1 also provides potentially simpler order design given the limited number of order bits and existing orders in use. One simple realization of this approach is to define a new order type per additional secondary carrier and maintain the same order bit (xord,1, xord,2, xord,3)  as currently defined in Release 9 [3]. Similar to the existing order type xodt,1, xodt,2, xodt,3 = ‘001’ used to specify activation/deactivation of the first secondary carrier, xodt,1, xodt,2, xodt,3 = ‘010’  and ‘011’ may be used when signaling activation/deactivation of the second and third secondary carriers.  However, the obvious disadvantage of option1 is requiring multiple orders to activate/deactivate multiple carriers; for example, using option 1 to activate/deactivate 3 secondary carriers requires to signal 3 HS-SCCH orders, which increases the L1 control signaling overhead and decrease L1 control   efficiency. 
Option 2: Using a single HS-SCCH order to activate/deactivate all carriers simultaneously.  
Each HS-SCCH order (represented by the order type in combination with the order bits) indicates one state for all configured secondary carriers. A single HS-SCCH order can be used to activate and/or deactivate any of all configured secondary carriers simultaneously such that the control signaling overhead can be decreased. When 4C-HSDPA is configured with 1 UL carrier, it will need 3 order bits to activate/deactivate 3 secondary DL carriers as there are 8 possible carrier configuration states. Due to the limited number of order bits available and the existing orders used in R9 DC-HSUPA as described above, a problem of not having enough order bits to support all possible configuration states needs to be fixed. When more than one UL carriers are configured for 4C-HSDPA, more than three order bits will be needed. To address the problem, the following methods may be considered: 
· In one design example, the order type bits (xodt,1, xodt,2, xodt,3) could be re-interpreted so as to increase the number of information bits available to activate/deactivate the secondary carriers.
· In another design example, the length of the order bit field (xord,1, xord,2, xord,3)  can be increased by using HS-SCCH bits that are not currently in use for HS-SCCH orders, e.g. the new data indicator bit (xnd,1).  
Form these design examples, we can see that option 2 potentially requires more complex design to fix the problem of not having enough order bits, but it still could be considered as an option for carrier activation/deactivation due to the following advantages: 
· Firstly, it reduces L1 control signal overhead and improves L1 control   efficiency as the number of HS-SCCH orders for simultaneously activating or deactivating multiple carriers is reduced.
· Secondly, since inactivity patterns associated with the downlink carriers could be highly correlated, i.e., if there is no data to transmit on one of the DL carriers, there likely isn’t any data for the other secondary carriers, it would be desirable to deactivate all secondary DL carriers at the same. 
· Thirdly, when multiple carriers are located across different frequency bands [1], it would be desirable to activate or deactivate all carriers belonging to a particular band using a single HS-SCCH order since carriers belonging to different bands are may be associated with different coverage.
Based on the discussion above, the two design options above allow for fast activation/deactivation on a per-carrier basis.  The second option has be advantage of reducing L1 control signaling overhead for multiple carrier activation/deactivation at the expense of increased specification complexity. 
The above is not meant to be an exhaustive list of possibilities; other options that give better tradeoff between L1 control   efficiency and specification/design complexity may be considered. 
Proposal 3: Discuss and agree on rules for design of HS-SCCH orders for carrier activation/deactivation in 4C-HSDPA
3 Conclusion

We have discussed various considerations and HS-SCCH order design options on carrier activation/deactivation.  The following is proposed:
Proposal 1: Specify fast activation/deactivation of carriers on a per-carrier basis for 4C-HSDPA.
Proposal 2: Use HS-SCCH orders for the purpose of activating/de-activating individual carriers. 
Proposal 3: Discuss and agree on rules for design of HS-SCCH orders for carrier activation/deactivation in 4C-HSDPA
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