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1
Introduction

Work item for uplink dual-carrier HSUPA was been launched in RAN plenary meeting #43 [1]. The following UTRA multicarrier extensions were agreed to be specified to Release 9 in [1] for uplink dual-carrier HSUPA:
· The dual carrier transmission only applies to HSUPA UL physical channels and DPCCH
· The carriers belong to the same Node-B and are on adjacent carriers
· 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
In this paper we discuss about how to use happy bits in dual carrier HSUPA operation. 
2
Background
The UE has to share its total transmission power over two carriers during dual carrier operation. The inner and outer loop power control methods have to be active on both carriers as discussed in [2]. Further, DPCCH levels of the UE might be different. It’s sensible for NodeB to allocate grant for a UE over carriers so that interference is minimized at the Node B receiver. It’s better to allocate higher grant to a carrier on which DPCCH level is lower because that leads lower interference increase at the Node B. The problem is that there are no means for Node B to know on which carrier DPCCH level is actually lower and it’s not specified how UE shall indicate the need for higher or lower grant per carrier. UPH reports can give information about DPCCH level but it’s a delayed average value of ratio between maximum UE power and used DPCCH power where averaging window is 100 ms and maximum delay to report the estimate of the average value is 10 ms [25.133, section 9.1.3, v8.5.0]. Thus via UPH report it’s impossible to get TTI level information about DPCCH levels of UE at Node B.
As E-DPCCH is transmitted when E-DPDCH is transmitted happy bit on E-DPCCH provide some means to convey instantaneous information from UE to Node B. In case of dual carrier HSUPA we have two E-DPCCHs to be transmitted each with own happy bit indicator. In the next chapter we propose how those two happy bits could be utilized in dual carrier operation. 
3 Proposals
Happy bit information can be provided individually per carrier, or the happy bit information carried on the two carriers combines to a one information. 
Three options are described here:
In the first option UE can request higher grant or is happy per carrier. Further when UE has data in its buffers to send and spare power it could request higher grants for a carrier on which DPCCH level is lower. It’s should be also possible to request more grant for both carriers at the same time, e.g. when DPCCH levels are within some marginal (DPCCH levels quite close to each other). Below the meaning of happy bits is illustrated for this option.
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No need for increase on either carrier
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Could increase allocation, carrier 1 better carrier
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Could increase allocation, carrier 0 better carrier
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Could increase allocation to both carriers

An alternative interpretation could be used if there were to be some limit on the maximum difference in total power between the carriers:
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No need for increase on either carrier
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Could increase allocation, carrier 1 lower power
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Could increase allocation, carrier 0 lower power
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Could increase allocation to both carriers

The indication 10 would be used if the UE had more data and spare power, but the TX power difference between carrier 0 and carrier 1 was at some specified limit and the data rate could not be increased on carrier 1 only without violating this TX power difference limit. 01 would be used where carrier 0 has higher power and cannot be increased any further without violating the TX power difference limit. 11 would indicate that the allocation could be increased on either or carrier without violating the limit.

In the latter UE can request higher or lower grant for one carrier at a time using a combined happy bit information. Similarly here UE could request higher grants to a carrier on which DPCCH level is lower. In this scheme a happy bit on one carrier indicates that UE has power/data available for a higher grant and a happy bit on the other carrier indicates which carrier is preferable for a higher grant. Note that even though UE may not request more resources it can still indicate to Node B which carrier is preferable carrier. For example, if Node B starts to decrease resource allocation of the UE it can reduce first grant on the less preferable carrier of the UE. Thus, this option provides UE means to indicate instantaneously (when transmitting E-DPCCH) Node B about priorities of carriers from UE point of view. Below the meaning of happy bits is illustrated for this option.
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No need for increase on either carrier, Carrier 0 is the better carrier
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No need for increase on either carrier, Carrier 1 is the better carrier
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Could increase allocation, Carrier 0 is the better carrier
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Could increase allocation, Carrier 1 is the better carrier 

As a drawback of this option is that UE fallback mechanism is needed to handle situations where UE is using only one carrier for the transmission in dual carrier mode. 
4 Conclusions
Three options are described how to use available happy bits in dual carrier HSUPA transmission. One option is straightforwardly to extend single-carrier solution thus requiring minimum implementation effort. The other two options would have more specification and implementation impacts but it could provide more information to the Node B even when UE is not requesting more resources. 
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