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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, addressing Dual Cell HSUPA (DC-HSUPA). 

The main objective of the work item is to specify Dual Cell HSUPA operation for the following scenario:

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 as to the issues and implementation aspects that need to be addressed in order to introduce dual carrier uplink [2-6]. This document attempts to summarize these and show how some of these are related. As a result of this interaction, we suggest that RAN1 focus on 2 of these areas first which will then help in limiting the scope of some of the other issues.

2 Dual-Cell HSUPA Operation

A typical dual-cell operation scenario is shown in Figure 1. The work carried out in the study item phase has already identified quite a number of issues with regards to the use of dual-cell HSUPA operation – these are shown in red in Figure 1.

In summary, the following areas which have or might have RAN1 implications been identified:

· Activation/deactivation of dual-cell feature
· Synchronization/timing on second uplink carrier after dual-cell activation
· Power allocation across the two carriers
· Power control on the second uplink carrier 
· Request/Grant mechanism for the second carrier
· Control channels needed for second uplink carrier
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Figure 1: Baseline Architecture

3 Issues to Target

3.1 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. Whether the remaining information on the DPCCH of the second carrier can be omitted or migrated to another channel would need to be studied further.

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. Namely, if the uplink interference level in the cells is different, the TPC bits on the anchor might have to be “sub-optimum” in order to limit the interference. This has an additional impact on the scheduler. The UE reporting of power headroom would also have to be investigated as it relies on the controlled DPCCH power. 

The second option is to establish two independent power control loops – one for each carrier. This would allow faster and more reliable power control of both UL DPCCH carriers, but depending on the mechanism selected to carry the TPC bits, there can be a signaling or performance penalty on the downlink.

The following approaches have been suggested:

· Use a single F-DPCH on the downlink anchor carrier, where the TPC bits for both carriers are combined/multiplexed;

· Use of two independent F-DPCHs transmitted on the downlink anchor carrier. Each F-DPCH carries TPC information for a single uplink carrier;

· Use two parallel and independent F-DPCHs, one on each downlink carrier (tied to the uplink carrier).

The first approach would result in no impact on the signaling load, but the reliability of the TPC bits may be adversely affected if 2 TPC commands are sent at every transmission opportunity. The second approach above would be in line with the spirit of the decisions made for Dual-cell HSDPA, wherein the transmissions to the UE on the secondary downlink carrier are limited to HS-DSCH and CPICH. However, this has to be traded against the reduction in resources on the downlink anchor carrier which would now be providing information for both uplink carriers.


Based on the above considerations, we propose to 

1. Agree on the basic assumption that DC-HSUPA power control will be achieved with 2 power control loops.

2. The possibility to have DL signaling optimizations for the mechanism of signaling the TPC commands for the second carrier (ex: single F-DPCH combining/multiplexing, independent F-DPCHs on DL anchor carrier,…) are FFS.

3.2 Grant Mechanism

The second important issue to address is how the UE intends to maintain the grants, and how the grant information is signaled (over which channel). 

It is not clear yet whether there is more merit pursuing an approach where the UE would maintain a single grant to be used across both carriers, or alternatively to follow the principle of an independent grant per carrier.

In the first approach, the UE would need some criteria to determine how the grant is shared across the carriers, but this would allow the reuse of the existing grant signaling approaches.

In contrast, the second approach to use 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. However, RAN1 would still need to address how the absolute and relative grants are signaled to the UE.

The same considerations used for single vs. dual F-DPCH approaches can also be made for the E-AGCH channel.

As mentioned in [6], using a single E-AGCH code to signal absolute grants for both carriers could be accomplished by assigning unique E-RNTIs to both carriers, or by modifying the E-AGCH encoding scheme. Using additional E-RNTI identities seems to be the simplest solution, but may be limited by the space of “good” E-RNTI available to the NodeB. In contrast, modifying the E-AGCH encoding may alter the reliability of the channel. Furthermore, no legacy UEs would be capable of using this channel (as it would be “reserved” for Release 9 UEs).

A similar argument can be made for the relative grant and hybrid ARQ indicator channels (E-RGCH and E-HICH).  The use of a single channelization code is possible, by using 2 unique pairs of signature sequences per UE. Although the impact on the physical layer would be minimized, it would reduce the number of UEs that could be signaled with a single channelization code.

One additional item to consider in the selection of the grant signaling mechanism is the need for receiving non-serving relative grants & HARQ feedback from NodeBs that do not contain the serving E-DCH cell. If a 2-channel solution is adopted, the dual-cell HSUPA UE would cause an increase in DL signaling in all cells in the E-DCH active set. 

As the grant mechanism impacts a number of MAC procedures, we suggest that RAN2 is to be consulted regarding their preferences early in the process, well before RAN1 completes the definition of the DC HSUPA grant scheme and signaling.
4 Conclusion

In this contribution a summary of some of the issues relating to dual-uplink are discussed. As these issues affect the design choices for a number of other issues, we make the following proposals:

Proposal 1: 
Agree on the basic assumption that DC-HSUPA power control will be achieved with 2 power control loops.

Proposal 2:  The possibility to have DL signaling optimizations for the mechanism of signaling the TPC commands for the second carrier (ex: single F-DPCH combining/multiplexing, independent F-DPCHs on DL anchor carrier,…) are FFS.
Proposal 3: 
As the grant mechanism impacts a number of MAC procedures, we propose that RAN2 be consulted regarding their preferences for the signaling mechanisms for E-AGCH, E-RGCH, and E-HICH early in the process.
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