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1 Introduction
At the RAN plenary #43 a new work item was approved [1] to continue the multi-carrier evolution path for HSPA, by allowing Dual Cell HSUPA (DC-HSUPA). One of the rationales was to address the “bandwidth imbalance between uplink and downlink after the introduction of Dual Cell HSDPA”.
The main objective of the work item is to specify Dual Cell HSUPA operation for the following scenarios:

a) The dual carrier transmission only applies to HSUPA UL physical channels and DPCCH.

b) The carriers belong to the same Node-B and are on adjacent carriers

c) Operation with at least 2 carriers configured simultaneously in downlink. In this case the duplex distance between uplink carrier n and downlink carrier n will respect single carrier rules.
As part of the study that preceded the work item definition, a number of proposals were made in RAN1 as to the issues and implementation aspects that need to be addressed in order to introduce dual carrier uplink [1-6].  In order to move forward with the work item, working assumptions have to be established and a number of decisions have to be taken.  This document considers and discusses four main areas which impact dual carrier HSUPA. 
2 Discussion
2.1 Power Control 
One of the fundamental issues to address is related to how the second uplink carrier should be power controlled. This decision directly impacts the control channels required to maintain the power control loops, but also has some implication with regards to scheduling and active set maintenance. Since the channels are adjacent, one option is to use a single power control loop to simultaneously control both uplinks.  This would be in line with the decisions made for dual-cell HSDPA, and would result in a savings in DL resources as the second F-DPCH would not be required. This may also lead to a potential saving on the uplink, where the TPC bits carried on the DPCCH can be omitted. One of the problems with this approach is that any discrepancy in noise rise on the two carriers would have to be compensated for by some mechanism. Therefore, a better option is to establish and make use of two independent power control loops – one for each carrier.  

Proposal 1: Agree on the working assumption that DC-HSUPA power control will be achieved with 2 power control loops.
The current UPH measurement sent in the SI and used for scheduling purposes by the network takes into account the available power headroom on the UL carrier.  With the introduction of a second carrier and with the assumption that two power control loops will be maintained, the UE has to report a UPH measurement for each carrier.  Therefore, it is proposed to maintain two UPH measurements and report the two measurements to the network via the Scheduling Information.  
Proposal 2: Allow the transmission of two independent UPH measurements, one for each carrier
2.2 MAC architecture considerations
The support of Dual Cell HSUPA operation does not have any impact on the PDCP and RLC layers.  However, in order to allow the simultaneous transmission of two transport blocks in the UL on two separate carriers a number of considerations and decisions on the MAC architecture have to be taken.  The discussion presented here assumes that the concept of synchronous transmission is maintained, and that dual carrier HSUPA operation will be limited to MAC-i/is only.  

Currently for single carrier 2ms TTI E-DCH operation the UE contains 8 HARQ processes and the HARQ entity is associated to a cell.  The same is applicable to the UTRAN side where the MAC-i entity and the E-DCH scheduler is defined to manage E-DCH resources between UEs for a single cell.  With the ability to transmit on two cells the definitions and architecture options have to be analyzed.
One possibility is to duplicate the MAC-i/is entities for each carrier and thus duplicate the functionalities of the MAC-i/is entity.   However, this solution implies further complexity in UE design, significant architectural changes, and possible implication to operation and interaction of higher layer protocols with the MAC.
Therefore, in order to avoid such an increase in complexity, it is proposed that a simple MAC architecture design is considered, where the following assumptions and changes are made:

· Simultaneous transmission on both carriers is allowed with a single MAC-i and MAC-is entity. 
· A second HARQ entity is introduced in the MAC-i entity (i.e. the number of HARQ processes is doubled, 16 for 2ms TTI and 8 for 10ms TTI).  
· Multiplexing, TSN numbering, segmentation, and E-TFC selection may be joint for the two E-DCH transport channels.  
This scheme is in line with dual carrier operation in the DL and additionally offers a number of advantages, such as having a common scheduler for both carriers, abstracting dual carrier operation from higher layers and removing the need for any further MAC protocol redesign. 
An additional consideration for the MAC entity is the allocation of the HARQ entities amongst carriers.  One option is to have carrier-independent HARQ entities.  While this solution would provide higher scheduling flexibility and the ability to perform retransmission on a carrier different from the one used for initial transmission, the additional complexity associated with this solution may not justify the gains.  Carrier-independent HARQ entities would require additional signaling capabilities and potentially E-DPCCH format redesign.  
Therefore, it is proposed that a carrier-dependent HARQ entity is defined, where one HARQ entity is present per carrier.
Proposal 3:  Propose to discuss and agree on a joint MAC-i/is entity for both carriers, where each E-DCH transport channel has an independent HARQ entity defined.    

2.3 Power saving mechanisms 

Dual carrier operation will have a direct impact on power consumption in the UE due to the increasing control channel overhead and increased power used per TTI.  Therefore, the features added as part of CPC, such as DTX, should be extended to dual carrier operation.  Additionally, similar to DC HSDPA, the ability to dynamically activate and deactivate the secondary UL carrier should be allowed.  
While designing the activation/deactivation of dual carrier HSUPA, the link between dual carrier DL and UL should be taken in consideration.  Indeed, the deactivation of dual carrier HSDPA may not allow proper operation of dual cell HSUPA, especially when the deactivated DL carrier is responsible for transmitting any control signaling required for E-DCH transmission on the secondary UL carrier.
Proposal 4: Extend CPC procedures to Dual Carrier HSUPA

Proposal 5: Allow dynamic activation/deactivation of second carrier in the uplink 
2.4 Grant Mechanisms
Another issue to address and discuss is the grant/scheduling mechanism to be used for dual carrier UL transmission.  This includes how the UE intends to maintain the grants, and how the grant information is signaled by the network. 
A first question is whether the UE will maintain a single grant to be used across both carriers or two serving grants, one for each carrier.  In the former, the UE would need some criteria to determine how the grant is shared across the carriers, but would allow the reuse of the existing grant signaling approaches. In contrast, using separate grants per carrier [5] will result in more scheduling flexibility, and a better control of the total uplink noise rise on each of the carriers.   This will allow the network to efficiently perform interference mitigation and macrodiversity combining similar to single carrier E-DCH operation.
Therefore, it is proposed that the serving grant  including relative grants from the serving E-DCH RLS and non-serving relative grants are  maintained independently for each carrier.  As for further studies the RAN group still needs to address how the absolute and relative grants will be signaled to the UE.
Proposal 6:  The serving grants are maintained independently for each carrier

For single E-DCH operation the non-scheduled grants are signaled to the UE via RRC signaling.  The non-scheduled grant is provided to the UE in terms on number of bits and the HARQ processes for which the UE is allowed to transmit non-scheduled data.  
With the introduction of dual carrier now the UE may have the option to transmit non-scheduled data on either carrier.  In order not to limit the UE from utilizing E-DCH resources on either of the carriers and thus optimizing transmission efficiency in terms of available power, it is proposed that non-scheduled grants are carrier-independent.  For example, if the network configures HARQ process 0 for a non-scheduled transmission the UE can transmit non-scheduled data on HARQ process 0 or on HARQ process 8 (i.e. the HARQ process of second carrier).   The choice of which carrier to transmit can be dependent on E-TFC selection.  
Proposal 7: Configuration of non-scheduled grants is not carrier-specific 
3 Conclusion

In this contribution a summary of some of the issues relating to dual-uplink are discussed. This document proposes the following:
Proposal 1: Agree on the working assumption that DC-HSUPA power control will be achieved with 2 power control loops
Proposal 2: Allow the transmission of two independent UPH measurements, one for each carrier
Proposal 3:  Propose to discuss and agree on a joint MAC-i/is entity for both carriers, where each E-DCH transport channel has an independent HARQ entity defined    
Proposal 4: Extend CPC procedures to Dual Carrier HSUPA

Proposal 5: Allow dynamic activation/deactivation of second carrier in the uplink
Proposal 6:  The serving grants are maintained independently for each carrier Proposal 7: Configuration of non-scheduled grants is not carrier-specific 
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