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1 Introduction

In RAN #72 the Study Item entitled “Multi carrier enhancements for UMTS” was officially closed, leading to the approval of its corresponding Work Item. From the Work Item Description, the following objectives can be read [1]:

1. Specify new configurations: 2ms+10ms and 10ms+10ms TTI, for DC-HSUPA and DB-DC-HSUPA scenarios.
2. Specify support for the basic functionality, e.g., only support for RRC based (re)configuration.
As of today, the UMTS standard only allows to configure a 2ms TTI length on both carriers for DC-HSUPA and DB-DC-HSUPA. In Rel-14, the WI on “Multicarrier Enhancements for UMTS” has opened the possibility of configuring a 10ms TTI length on one or both uplink carrier frequencies. This mixed TTI configuration will lead to have different coverage/throughput trade-offs mainly for intermediate path loss ratios as compared to the legacy performance [2].
Upon the completion of the WI on Multicarrier enhancements for UMTS, (DB)DC-HSUPA will deal with independent TTI configurations per carrier. For that reason is important to enable mechanisms that allow the network to find good tradeoffs on the usage of the TTI configurations per carrier in a dynamic manner. 
This contribution is intended to revise the TTI switching mechanism in order to extend its applicability to the uplink Multicarrier scenarios in UMTS. The motivation behind it is based on exploiting the versatility that dual cell E-DCH will have after including the 10ms TTI as one of the allowed configurations.
2 Background on Multicarrier Enhancements for UMTS
DC-HSUPA was introduced in Release 9, while DB-DC HSUPA was introduced in Release 13 in order to add dual band support to uplink Multicarrier in UMTS. In release 14, the Study Item Description (SID) was focused on investigating the potential benefits of incorporating a 10ms TTI configuration to uplink Multicarrier.

During the Study Item phase, a number of possible configurations were foreseen, from which the following scenarios were identified as the most promising ones [2]:
· 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
The scenarios (including the mixed TTI configuration for DC-HSUPA) were subject to evaluations, and their potential gains were compared to the legacy performance including both multicarrier and the single carrier case. The single carrier became part of the evaluations since it results to be a good choice at high path loss ratios [2].

Now that Multicarrier will deal with a variety of TTI configurations in uplink, it would be beneficial for the system’s performance to extend the usage of the TTI switching mechanism for uplink Multicarrier. This will provide more control to the network on when to switch a configuration for exploiting in a more dynamic way the characteristics (i.e., higher rate or extended coverage) of the TTI lengths as a function of their associated carriers (e.g., including band characteristics). Some examples of the benefits that can be obtained by using the TTI switching mechanism in Multicarrier scenarios are listed below:

· The coverage can be extended if the carrier that was initially configured with 2ms is switched to 10ms TTI when the UE is getting far away from the Node B.
· A higher total throughput can be achieved by performing a TTI switching if the carrier that was initially configured with 10ms is switched to 2ms TTI when the UE is getting closer to the Node B.
· It offers the versatility of exploiting further the additional throughput and coverage gains that can be obtained by switching on-demand the TTI configurations associated to carriers that belong to different bands.
· The usage of HS-SCCH orders (either new orders or a different interpretation of the existing ones) for performing a TTI switching in Multicarrier scenarios offers a faster alternative compared to performing an RRC reconfiguration for achieving the same purpose.
The next section discusses how to extend the usage of the existing TTI switching mechanism beyond the single carrier scenario. This revision of the “TTI switching mechanism” is aimed at preparing the system to deal with the variety of TTI configurations that will be introduced to the Multicarrier scenarios for UMTS in Release 14.
Proposal 1: Extend the usage of the existing TTI switching mechanism for dual cell E-DCH
3 TTI Switching Mechanism for Uplink Multicarrier
In Release 12, the enhanced Uplink (EUL) was equipped with the ability of performing a fast switching between the two existing TTI configurations in UMTS. This enhancement allows for a fast reconfiguration of the User equipment (UE) via a specific set of HS-SCCH orders, which are shown in Table 1 [3].
Table 1: Orders for switching the E-DCH TTI
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As can be seen from Table 1, the TTI switching mechanism only covers the single carrier case, and the standard says that the order can be transmitted by either the serving HS-DSCH cell, or the secondary serving HS-DSCH cell [3].

3.1 TTI Switching for uplink Multicarrier by extending the meaning of the existing HS-SCCH orders
A first proposal for extending the usage of the TTI switching mechanism could consist in adding an interpretation of this feature for Multicarrier scenarios. For example, by saying that the HS-SCCH order received in downlink is only applicable for the uplink frequency having the same “hierarchical role” (i.e., primary/secondary) as the carrier that transmitted the order.
In other words:

· An HS-SCCH order that is transmitted by a serving HS-DSCH cell only applies to the primary uplink frequency.

· An HS-SCCH order that is transmitted by a secondary serving HS-DSCH cell only applies to the secondary uplink frequency.
A part from its simplicity, an important advantage of extending the meaning of the existing HS-SCCH orders for Multicarrier scenarios relies on the ability of being able to perform an independent TTI switching per carrier, which makes possible to have any combination of TTI configurations on the uplink carrier frequencies. This approach doesn’t require modifying the content of Table 1 (i.e., no new HS-SCCH orders are needed), since only a short statement would be sufficient for clarifying the meaning of the “TTI switching mechanism” in dual cell E-DCH scenarios. 
Proposal 1a: Extending the meaning of the existing HS-SCCH orders for dual cell E-DCH scenarios, where the TTI switching independent per carrier.
3.2 TTI for uplink Multicarrier by adding new HS-SCCH orders

Another possibility for enabling the use of the “TTI switching” in Multicarrier scenarios could consists in adding new orders for switching to specific TTI configurations on both carriers. That is, both the primary and secondary uplink frequency could change to another configuration upon the reception of an HS-SCCH order regardless if it was transmitted by the serving HS-DSCH cell or secondary serving HS-DSCH cell. The legacy table entitled “Orders for switching the E-DCH TTI” counts with unused slots, which could be used for adding new HS-SCCH orders as shown in Table 2.
Table 2: Orders for switching the E-DCH TTI for single and dual cell E-DCH
	Extended
Order Type
	Order Type
	Order Mapping
	Interpretation

	xeodt,1, xeodt,2
	xodt,1, xodt,2, xodt,3
	xord,1
	xord,2
	xord,3
	

	11
	011
	0
	0
	0
	TTI switch order from 2ms to 10ms

	
	
	0
	0
	1
	TTI switch order from 10ms to 2ms

	
	
	0
	1
	0
	Dual cell E-DCH TTI switch order to 2ms+2ms

	
	
	0
	1
	1
	Dual cell E-DCH TTI switch order to 2ms+10ms

	
	
	1
	0
	0
	Dual cell E-DCH TTI switch order to 10ms+2ms

	
	
	1
	0
	1
	Dual cell E-DCH TTI switch order to 10ms+10ms

	
	
	1
	1
	0
	

	
	
	1
	1
	1
	


The new HS-SCCH orders added to Table 2 will allow performing a switch to any TTI configuration regardless of the original TTI configuration of the Multicarrier scenario. 
The description of the use cases was stated as in the Technical Report [2]. For example, the expression “10ms+2ms” means that after performing the switching the primary uplink frequency will be configured with 10ms TTI, while in this case the secondary uplink frequency will be configured with a 2ms TTI length.
Proposal 1b: Adding a selected number of new HS-SCCH orders for allowing the switching to any TTI configuration in Multicarrier scenarios accounting for both DC-HSUPA and DB-DC HSUPA.
4 Conclusions 

A new Work Item on “Multicarrier Enhancements for UMTS” has been recently approved [1], which upon it standardization will allow to configure 10ms TTI on one or both carriers for (DB)DC-HSUPA scenarios. This contribution pointed out that it would be beneficial for network to have the ability of switching the TTI configuration of the uplink carriers in a dynamic way. From the performed analysis the following points can be highlighted:
· As of today, the UMTS standard only allows to configure a 2ms TTI length on both carriers for DC-HSUPA and DB-DC-HSUPA. 
· In Rel-14, the WI on “Multicarrier Enhancements for UMTS” has opened the possibility of configuring a 10ms TTI length on one or both uplink carrier frequencies. 
· This mixed TTI configuration will lead to have different coverage/throughput trade-offs mainly for intermediate path loss ratios as compared to the legacy performance.
· Now that Multicarrier will deal with a variety of TTI configurations in uplink, it would be beneficial for the system’s performance to extend the usage of the TTI switching mechanism for uplink Multicarrier. 
· This will provide more control to the network on when to switch a configuration for exploiting in a more dynamic way the characteristics (i.e., higher rate or extended coverage) of the TTI lengths as a function of their associated carriers (e.g., including band characteristics). 
· Some examples of the benefits that can be obtained by using the TTI switching mechanism in Multicarrier scenarios are listed below:
· The coverage can be extended if the carrier that was initially configured with 2ms is switched to 10ms TTI when the UE is getting far away from the Node B.

· A higher total throughput can be achieved by performing a TTI switching if the carrier that was initially configured with 10ms is switched to 2ms TTI when the UE is getting closer to the Node B.

· It offers the versatility of exploiting further the additional throughput and coverage gains that can be obtained by switching on-demand the TTI configurations associated to carriers that belong to different bands.

· The usage of HS-SCCH orders (either new orders or a different interpretation of the existing ones) for performing a TTI switching in Multicarrier scenarios offers a faster alternative compared to performing an RRC reconfiguration for achieving the same purpose.
· A first proposal for extending the usage of the TTI switching mechanism could consist in adding an interpretation of this feature for Multicarrier scenarios. For example, by saying that the HS-SCCH order received in downlink is only applicable for the uplink frequency having the same “hierarchical role” (i.e., primary/secondary) as the carrier that transmitted the order.
· An HS-SCCH order that is transmitted by a serving HS-DSCH cell only applies to the primary uplink frequency.

· An HS-SCCH order that is transmitted by a secondary serving HS-DSCH cell only applies to the secondary uplink frequency.
· An important advantage of extending the meaning of the existing HS-SCCH orders for Multicarrier scenarios relies on both its simplicity and the ability of performing an independent TTI switching per carrier, which makes possible to have any combination of TTI configurations on the uplink carrier frequencies.
· Another possibility for enabling the use of the “TTI switching” in Multicarrier scenarios could consists in adding new orders for switching the TTI configuration on both carriers. That is, both the primary and secondary uplink frequency could change to another configuration upon the reception of an HS-SCCH order regardless if it was transmitted by the serving HS-DSCH cell or secondary serving HS-DSCH cell. See the Table in section 3.2 as an example.
In Based on the analysis performed in this contribution, the following proposal has been stated:

Proposal 1: Extend the usage of the existing TTI switching mechanism for dual cell E-DCH.

· Proposal 1a: Extending the meaning of the existing HS-SCCH orders for dual cell E-DCH scenarios, where the TTI switching independent per carrier.
· Proposal 1b: Adding a selected number of new HS-SCCH orders for allowing the switching to any TTI configuration in Multicarrier scenarios accounting for both DC-HSUPA and DB-DC HSUPA.
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