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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 (WI) [1]. The WI on “Multicarrier Enhancements for UMTS” refers to the possibility of configuring 10ms TTI on one or both uplink carrier frequencies for DC-HSUPA and DB-DC-HSUPA scenarios. In RAN1 #86, the TSG RAN WG1 kicked-off the discussions on this WI reaching the following agreements [2]:

1. Agreement
The legacy power scaling can be reused for DB-DC/DC 10ms+10ms TTI configurations.
2. Agreement
3. It is RAN1 opinion that the TTI switching mechanism should be introduced in Multicarrier Enhancements for HSUPA.
This contribution describes the importance of switching the role of the primary carrier in uplink (UL) Multicarrier scenarios when the 10ms TTI configuration be incorporated to (DB-DC)/DC HSUPA upon the completion of the 3GPP Rel-14. 
2 Motivation for switching the primary carrier in (DB-DC)/DB HSUPA with mixed TTI configurations
Prior to the Rel-14 the UMTS standard only allows to configure a TTI length equal to 2ms on both carriers for (DB-DC)/DC-HSUPA. Nonetheless and continuing with the evolution of the UMTS standard, the Rel-14 WI on “Multi carrier enhancements for UMTS” will open the possibility of configuring a 10ms TTI length on one or both uplink carrier frequencies in (DB-DC)/DC-HSUPA scenarios [1].
Enabling a different TTI configuration per carrier in (DB-DC)/DC-HSUPA will open the possibility of having a variety of scenarios. For example, a mixed TTI configuration in UL Multicarrier will lead to have different coverage/throughput trade-offs mainly at intermediate path-loss ratios as compared to the legacy performance [3].

In addition, having a mixed TTI configuration in DB-DC HSUPA will bring some other implications that need to be considered. For example, at an intermediate path-loss ratio when the coverage of a primary carrier configured with 2ms TTI at 2.1GHz starts to deteriorate, it would be beneficial to switch the role of “primary carrier” with the carrier operating at 900MHz configured with 10ms TTI. Under those circumstances switching the role of the “primary carrier” would be basically the only way for keep using UL Multicarrier because the HS-DPCCH, the SRB, and the non-scheduled transmissions need to be protected, and performing an “HS Serving Cell Change” procedure would result to be too slow. 
Another motivation relies on noticing that even when it would be desirable to always configure the “primary carrier” on the carrier having better propagation properties, a fact that needs to be faced is that not all the users can be configured to have the primary carrier on the same frequency band, therefore having the possibility of switching “on-demand” the role of “primary carrier” will open opportunities for exploiting in a dynamic way the coverage/throughput trade-offs that will occur in the Rel-14 (DB-DC)/DC HSUPA scenarios for achieving a better load balancing.
For all those reasons, an existing mechanism that can fulfil the purpose of switching the primary carrier in a fast and efficient way is an HS-SCCH order. This way, upon the reception of the HS-SCCH order, the former secondary carrier would become the primary carrier and vice versa.
Moreover, since a carrier has both an uplink and a downlink part, receiving an order for “switching the primary carrier” would imply that both uplink and downlink will perform the switching (in a similar it would occur with an “HS Serving Cell Change”).
Therefore, aiming at preparing the system to deal a new variety of UL Multicarrier scenarios, the next section of this paper describes how a single HS-SCCH order can be used for fulfilling the purpose of switching the role of the “primary carrier” using a similar principle as the existing TTI switching mechanism.
3 Primary Carrier Switching Mechanism for Uplink Multicarrier
In the UMTS standard there is a table entitled “Orders for switching the E-DCH TTI” that contains unused slots, which could be used for adding a new HS-SCCH order for instructing the UE to switch its primary carrier [4]. An example on how the new HS-SCCH order could be incorporated to the standard is shown below in Table 1.

Table 1: Orders for switching the E-DCH TTI for single and dual cell E-DCH, and the role of primary carrier in 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
	Primary Carrier switch order

	
	
	1
	1
	1
	Unused (Reserved)


The Table above accounts for the new HS-SCCH orders that will used for performing a “TTI switching” in UL Multicarrier scenarios, which final design is still under discussion [2]. Nonetheless, and regardless or their final design the HS-SCCH order for performing the “Primary carrier switching” can simply be added right after the last HS-SCCH order used for “TTI switching” purposes.
Proposal 1: Using an HS-SCCH orders for performing a “primary carrier” switching in dual cell E-DCH scenarios.
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 “primary carrier” in a dynamic way. From the performed analysis the following points can be highlighted:
· Upon the completion of the 3GPP Rel-14 it will be possible to configure a 10ms TTI length on one or both uplink carrier frequencies in (DB-DC)/DC-HSUPA scenarios [1].
· Enabling a different TTI configuration per carrier in (DB-DC)/DC-HSUPA will open the possibility of having a variety of scenarios.
· For example, at an intermediate path-loss ratio when the coverage of a primary carrier configured with 2ms TTI at 2.1GHz starts to deteriorate, it would be beneficial to switch the role of “primary carrier” with the carrier operating at 900MHz configured with 10ms TTI.
· Under those circumstances switching the role of the “primary carrier” would be basically the only way for keep using UL Multicarrier because the HS-DPCCH, the SRB, and the non-scheduled transmissions need to be protected, and performing an “HS Serving Cell Change” procedure would result to be too slow.
· Moreover, a fact that needs to be faced is that not all the users can be configured to have the primary carrier on the same frequency band, therefore having the possibility of switching “on-demand” the role of “primary carrier” will open opportunities for exploiting in a dynamic way the coverage/throughput trade-offs that will occur in the Rel-14 (DB-DC)/DC HSUPA scenarios for achieving a better load balancing.
· An existing mechanism that can fulfil the purpose of switching the primary carrier in a fast and efficient way is an HS-SCCH order.
· Where upon the reception of the HS-SCCH order, the former secondary carrier would become the primary carrier and vice versa.
· Moreover, since a carrier has both an uplink and a downlink part, receiving an order for “switching the primary carrier” would imply that both uplink and downlink will perform the switching.
· Aiming at preparing the system to deal a new variety of UL Multicarrier scenarios, a single HS-SCCH order can be used for fulfilling the purpose of switching the role of the “primary carrier” using a similar principle as the existing TTI switching mechanism.
· See the Table 1 in section 3 as an example.

Based on the analysis performed in this contribution, the following proposal has been stated:

Proposal 1: Using an HS-SCCH orders for performing a “primary carrier” switching in dual cell E-DCH scenarios.
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