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Discussion and Decission
1. Introduction
In Release 8 of HSPA standardization dual carrier HSDPA was specified. In the RAN Plenary meeting #43 [1], it was agreed to investigate also the possibility of dual carrier HSUPA. The following objectives were agreed for the dual carrier HSUPA work item [1]:

· 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
Compared to downlink multicarrier concept, in uplink the UE is power limited and thus it has to share its transmission power among carriers if it transmits on both simultaneously. The DPCCH transmission is required on both carriers in order to keep the inner loop power control, synchronization and SIR target in order. This document provides a concept on how dual carrier HSUPA could be specified and makes a number of high level proposals to be discussed.
2. Concept proposals
2.1 Setup of dual carrier transmission

Due to soft/softer handover functionality in uplink for HSUPA the only way to configure UE and related Node Bs to have dual carrier transmission is via RRC and NBAP signalling. 

Proposal 1: Dual carrier carrier transmission mode is configured by the RNC

2.2 Transmit timing
The dual carrier HSDPA requires the timing of the two carriers to be within ¼ chip timing window with each other. With dual carrier HSUPA we could foresee the need for two downlink F-DPCHs to control the two inner power control loops and thus in principle it would be possible to have indepentent (F-DPCH settings for each carrier. This would lead to different uplink frame timings in the two carriers. This mode of operation does not appear to bring any obvious benefits, but would complicate the UE design as the E-TFC selections of the two carriers would need to run asynchronously and the available power estimation would become inefficient when the TTI boundaries on the two carriers would not coinside. Thust it would appear sensible from system perspective as well as from UE design complexity perspective to have just one uplink frame timing common to both carriers and only one (DF-DPCH relative to a common DL time reference.
Proposal 2: There is only one (F-DPCH and thus the two carriers have the same E-DCH frame timings.
2.3 E-TFC selection

It appears that the RLC layer does not need to be made aware of dual carrier operation similarly as was the case with the dual carrier HSDPA [2]. Furthermore it seems obvious that the network needs to be able to control the maximum transmission powers (maximum received interference) from each carrier separately. However it seems reasonable to assume that the maximum transmit power capability is something that is shared between the two carriers and thus if one carrier is transmitting with a very high power then there may be nothing left to the other carrier. 

Assuming that the above points are agreeable premises we should be able to say that the E-TFC selection needs to be done for each carrier in order to facilitate the carrier specific control of the network, but the two E-TFCs need to be selected together so that the common transmit power capability is shared in a coordinated manner.
Proposal 3: The UE maintains a Serving Grant for each carrier separately based on carrier specific Relative and Absolute Grants as well as the RRC layer configurations.

Proposal 4: The E-TFC selection entity in the UE is responsible for selecting an E-TFC for each carrier respecting the carrier specific SGs and configurations. 
2.4 Mapping DCH and non-scheduled E-DCH

If it’s agreed that UE should be able to transmit DCH along with dual carrier E-DCH transmission it would be sensible to map DCH always on one carrier. Still it could be disputed that the usage of DCH together with DC-HSUPA may not be justified, but that discussion is out of the scope of this document.

Similarly, RNC could signal the carrier and HARQ process restrictions for the non-scheduled E-DCH. The reason is that both DCH and non-scheduled E-DCH are anyway controlled by the RNC (gain factor setting).
Proposal 5: DCH (if applicable) and non-scheduled E-DCH could always be transmistted on the primary uplink carrier.  
2.5 UPH reports
Assuming two independent inner power control loops it can be expected that even the longer term average transmit powers of the DPCCHs on the two carriers may differ significantly. Furthermore the HS-DPCCH and possible DCH transmissions mapped to one carrier only potentially lead to different power contol dynamics on the two carriers. Thus individual UPH reports from both carriers could be utilized by the Node B scheduler even when uplink loads are in balance at the Node. 
Proposal 6: UPH report for each carrier shall be sent in SI field to Node B.

2.6 Power saving

When UE in dual carrier transmission mode doesn’t have data to send CPC principles could be applied to save UE battery. The gating pattern and timing of pattern shall be same on both carriers in order to provide power savings with one PA.

Power saving mechanism could be extended so that when some criteria is fulfilled or order signalled from UTRAN (L1 signalling) UE could switch off one of the carriers. The same mechanism could be used to switch on the carrier when UE has data to send. 
Proposal 7: CPC could be used for dual carrier HSUPA transmission. Further, one of the carriers could be switched off to allow even more power savings. 

3
Conclusions

This document discussed briefly multiple design points related to the dual carrier HSUPA operation and made a number of proposals for discussion openers.
Proposal 1: Dual carrier carrier transmission mode is configured by the RNC

Proposal 2: There is only one (F-DPCH and thus the two carriers have the same E-DCH frame timings.
Proposal 3: The UE maintains a Serving Grant for each carrier separately based on carrier specific Relative and Absolute Grants as well as the RRC layer configurations.

Proposal 4: The E-TFC selection entity in the UE is responsible for selecting an E-TFC for each carrier respecting the carrier specific SGs and configurations.

Proposal 5: DCH (if applicable) and non-scheduled E-DCH could always be transmistted on primary uplink carrier.  

Proposal 6: UPH report for each carrier shall be sent in SI field to Node B.

Proposal 7: CPC could be used for dual carrier HSUPA transmission. Further, one of the carriers could be switched off to allow even more power savings. 
References
[1] RP-090014, Dual-Cell HSUPA, 3GPP Work Item Description

[2] R2-092211, UL Dual Carrier Impact on MAC, Nokia Siemens Networks, Nokia




