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1 Introduction
In Release 14 the work item Multi-carrier Enhancements for UMTS has been approved [1]. In this paper TTI switching for multi-carrier enhancements is discussed. 
2 Discussion
2.1 Background
In the past multi-carrier has been supported using a 2ms + 2ms configuration. In the release 14 work item for Multi-carrier Enhancements the following configurations will be additionally supported:
Scenario 1: 2ms + 10ms configuration for DB DC-HSUPA scenario

Scenario 2: 10ms + 10ms configuration for DB DC-HSUPA scenario

Scenario 3: 10ms + 10ms configuration for DC-HSUPA scenario
2.2 Reasons for TTI switching
When more TTI configurations are allowed for multi-carrier in uplink, it may be beneficial for the system’s performance to extend the usage of TTI switching also for uplink multi-carrier. That will give the network more flexibility to switch configurations and it gives the possibility to exploit the characteristics (i.e. higher rate or extended coverage) of the TTI lengths as a function of their associated carriers (e.g. band characteristics) in a more dynamic way. Some benefits that can be obtained by using the TTI switching mechanism in multi-carrier scenarios are:

· The coverage can be extended if the carrier that was initially configured with 2ms is switched to 10ms TTI when the UE is moving far away from the Node B.
· A higher total throughput can be achieved by performing a TTI switch if the carrier that was initially configured with 10ms is switched to 2ms TTI when the UE is moving closer to the Node B.
· Further additional throughput and coverage gains can be obtained by switching the TTI configurations associated to carriers that belong to different bands.
· The usage of HS-SCCH orders to perform TTI switching in multi-carrier scenarios offers a faster alternative compared to performing an RRC reconfiguration procedure with the same purpose.
Proposal 1: Extend the usage of the existing TTI switching mechanism for dual cell E-DCH.
2.3 Solutions for TTI switching
In [2] different solutions for enhanced TTI switching for DC-HSUPA are being analyzed. The first part concerns pre-configuration of the TTIs. The TTIs for TTI switching can be preconfigured as a group or stored separately. The option to store the pre-configurations separately seem to impact the specifications less as the combinations will be fewer and existing pre-configuration information can be used for the primary frequency. That option may be the preferred option.
Proposal 2: Discuss the preferred solution for pre-configuring the TTIs at TTI switching. 
Further on in [2] it is analysed how the HS-SCCH order can be sent. Alternative A is that the HS-order is only sent on the primary frequency. The following HS-orders for TTI switching exist today in [3]:
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There are six unused orders for the same order type, so it is possible to add new orders for switching to 2ms + 2ms, 2ms + 10ms, 10ms + 2ms and 10ms + 10ms TTI configurations. In the baseline the current configuration (TTI switch order from 2ms to 10ms) is listed, but if that should be done also for the new orders the combinations will be more and 12 new orders are needed, which seems unnecessary as the current configuration is already known to the UE. 
In alternative B  in [2] the current orders can be used, but they can be sent on either the primary or the secondary carrier. A clarification is needed in the specification that the existing orders may be sent also on the secondary carrier. As listed in [2], a CFN handling problem may occur when using alternative B. However, the TTI switching is designed so that the network is in control of when the HS-orders are transmitted. As the network is aware of that an HS-order has been sent on one carrier, it can wait until the reconfiguration procedure on that carrier is completed until it initiates a TTI switch on the other carrier. The problem described in [2] can therefore be avoided by good implementation and is not an issue. 
Considering these aspects alternative B has less impacts to the specifications (only a minor clarification is needed) and seem to be the preferred option.

Proposal 3: Discuss the preferred solution for the HS-SCCH order at TTI switching.  
3 Summary
RAN2 is kindly asked to discuss the following proposal:
Proposal 1: Extend the usage of the existing TTI switching mechanism for dual cell E-DCH.
Proposal 2: Discuss the preferred solution for pre-configuring the TTIs at TTI switching.
Proposal 3: Discuss the preferred solution for the HS-SCCH order at TTI switching.
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