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1. Introduction

In RAN#72, a WID on Multi-carrier enhancements for UMTS was agreed [1]. The objective of this work item is as below:

· Specify new configurations: 2ms+10ms and 10ms+10ms TTI, for DC-HSUPA and DB-DC-HSUPA scenarios.

· Specify support for the basic functionality, e.g., only support for RRC based (re)configuration.
When the new configurations are introduced, the RAN1 impacts are listed in [2]. In the contribution, further considerations on TTI switching will be analyzed.
2. Discussion
For dual carrier HSUPA, when the UE experiences poor data transmission for 2ms TTI in the cell edge of the secondary frequency it would better to use 10ms TTI. HS-SCCH order for switching the E-DCH TTI for single carrier has been specified in TS25.212 [3]. When several new TTI configurations for dual carrier are introduced, HS-SCCH order for TTI switching for dual carrier could also be considered. 
The possible cases for TTI switching for dual carrier are listed in [4] and [5] and shown in Figure 1. When the new TTI configurations are introduced, at most 12 possible cases for TTI switching shall be supported for multicarrier scenario. However, some cases are not of interest, such as TTI switching between 2ms+10ms TTI and 10ms+2ms TTI. So the cases for enhanced TTI switching would be firstly defined.
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Figure 1 Possible cases for enhanced TTI switching
Proposal 1: Discuss the valid cases for enhanced TTI switching.
In TS25.212, each HS-SCCH can indicate at most 8 orders and 2 of them have already been assigned in legacy cases. Consequently, the design for HS-SCCH order would be considered in order to support the new switching cases.
In general, there are two ways to switch the TTI configurations for dual carrier.

Option 1: a single HS-SCCH order controls the TTI length for both of the carriers simultaneously.

As mentioned in TS 25.212, the order for TTI switching can be transmitted from the serving HS-DSCH cell or a secondary serving HS-DSCH cell. As similar as current technology, no matter the HS-SCCH order is transmitted on the serving HS-DSCH cell or the secondary serving HS-DSCH cell, TTI switching can be initiated from either one of the frequencies.
In legacy principle, each HS-SCCH order has the unique interpretation indicating the switching source and switching destination. For example, one order to switch from x ms to y ms, while a second order to switch from y ms to x ms. 12 orders are needed to support all the possible cases for Option 1. So how to reduce the number of HS-SCCH order would be considered.
To reduce the number of the order for TTI switching, reusing HS-SCCH order can be considered. That is to say, each HS-SCCH order can indicate TTI switching for both single carrier and dual carrier. For example, xord,1, xord,2, xord,3=000 can indicate a switch from 2ms to 10ms when the UE is in single carrier configuration while a switch from 2ms+2ms to 2ms+10ms when the UE is in dual carrier configuration. 
Observation 1: For option 1, the number of the new orders for enhanced TTI switching can be reduced by reusing the legacy orders.
Option 2: TTI switching is implemented independently for each uplink carrier, which means that a HS-SCCH order only controls the TTI length of one carrier.
For this option, HS-SCCH order transmitted in the downlink cell respectively controls the corresponding uplink frequency; therefore, the TTI length for each carrier can be changed independently. A straightforward method is that the serving cell HS-SCCH order controls the primary uplink frequency and the secondary serving cell HS-SCCH order controls the secondary uplink frequency, which would be defined.
For Option 2, 2 orders are needed for each uplink carrier. As the order controls the single carrier, the HS-SCCH order for single carrier can be used. For some cases, such as TTI switching from 2ms+2ms to 10ms+10ms, 2 orders would be sent simultaneously and HARQ-ACK would be transmitted for each order. 
Observation 2: For Option 2, 2 orders are needed for each uplink carrier.
Observation 3: For Option 2, 2 orders would be transmitted simultaneously for some cases and the HARQ-ACK should be transmitted for each order.
Proposal 2: Consider using HS-SCCH order for TTI switching for the new configurations.
3. Conclusion
In this contribution, the considerations on TTI switching for MC enhancement are analysed. In general, two options can be considered: one is the single HS-SCCH order controls the TTI of both the frequencies and the other is the single HS-SCCH order only controls the TTI of one carrier. The considerations include the possible cases and the design of HS-SCCH order.
Observation 1: For option 1, the number of the new orders for enhanced TTI switching can be reduced by reusing the legacy orders.
Observation 2: For Option 2, 2 orders are needed for each uplink carrier.
Observation 3: For Option 2, 2 orders should be transmitted simultaneously for some cases and the HARQ-ACK should be transmitted for each order.
Proposal 1: Discuss the valid cases for enhanced TTI switching.
Proposal 2: Consider using HS-SCCH order for TTI switching for the new configurations.
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