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Discussion and decision
1. Introduction

In 3GPP TSG RAN Meeting #45, a work item of 1.28Mcps TDD Multi-carrier HSUPA was approved in order to resolve the problem that the single user throughput imbalance between downlink and uplink is remarkable 
This paper gives some analysis in physical layer perspective.
2. Discussion
In physical layer perspective, the stage 3 work would comprise of the following subjects:

· HSUPA control channel monitoring
· Power control, power grant and UPH definition 

· Uplink synchronisation

· Radio link synchronisation process
2.1. 
HSUPA control channel monitoring
In single carrier 1.28Mcps TDD system, the one to one association between E-PUCH and control channels is defined on one single carrier. When it comes to multi-carrier framework, where UE’s capability of simultaneous transmission/receiving over multiple carriers is the basic assumption, this inherited one-to-one association between control channel and pointed data channel on one carrier is also preferred in order to keep the maximum backward compatibility. On top of backward compatibility, other possible configuration may also be taken into account in this multi-carrier framework. 

Aforementioned per carrier binding effectively work particularly in symmetrical data transmission scenario, where matched number of carriers are used in both downlink and uplink. In that context, UE is mandated to always monitoring E-DCH control channels over multiple carriers even within a long period of scheduling pause. Thus further improvement on UE power consumption in this frequent case is useful. 
In fact the current TDD MMSE receiver does not identify complexity gap between single and multiple channelisation code in one time slot, and that means no additional power consumption is required when monitoring multiple control channels on one carrier associated with data channels on multiple carriers than single carrier UE behaviour. 

Proposal 1: 

· each E-PUCH on one carrier is commanded by one E-AGCH

· E-PUCH on one carrier can be commanded by control channel on the same carrier
· E-PUCHs on multiple carriers can be commanded by control channels camping on one single carrier
2.2. Power control, power grant and UPH definition
Three distinctive quantities, i.e. Pebase, PRRI and UPH, are defined for a complete E-DCH transmission procedure. In multi-carrier HSUPA perspective, the “common or independent” issue is again raised. If in “independent” manner, all single carrier power control, E-TFC selection and RoT control mechanism can be reused.
Due to the instantaneous RoT and short term fading gap between different carriers, it is sound that each carrier maintains an independent Pebase value, accounting for the desired receiving signal power level at Node B side to a target level, and PRRI, accounting for the available power room the desired UE can use. A common Pebase and PRRI will somewhat compromise the maximum uplink single user capacity.  

However the UPH carrier dependency problem may seem a bit complicated because namely UPH is a quantity concerning an equipment, within which one power amplifier is assumed whatever cost and bulk-size reason. It is understood that one common UPH, even that is feasible, could not adequate information, relying on which Node B can make a smart decision on PRRI combination among multiple carriers.Thereby it is proposed that UE generates individual UPH for each carrier, each assuming the remaining power headroom can be fully used by that carrier.

Proposal 2:

In case that UE performs uplink transmission on multiple carriers simultaneously,

· each carrier maintains its own Pebase value according to single carrier behaviour

· there are multiple PRRI values to be indicated, each accounts for power grant of one carrier;one UE needs to generate one individual UPH for each carrier
· SI reporting mechanism regarding multiple carriers is FFS.

2.3. Uplink Synchronization
Since UE can’t transmit on multiple carriers with several uplink timing advances, UE will transmit with the same timing advances on each carrier. So suggest every carrier has the same uplink synchronise timing.

In single carrier 1.28Mcps TDD system, the one to one association between E-PUCH and its SS command is defined on one single carrier. When it comes to multi-carrier framework, this inherited one-to-one association between SS command and pointed data channel on one carrier is also preferred in order to keep the maximum backward compatibility. There is another choice here. In order to reduce the load of downlink control channel, uplink timing of multiple carriers can be adjusted together. That means the SS command will be transmitted in one single carrier.

2.4. Radio link synchronization process

The radio link in-sync/out-of-sync detection mechanism of multi-carrier HSUPA has two choices,
· Uplink and downlink out-of-sync/in-sync detection can be performed on each carrier separately.
· Uplink and downlink out-of-sync/in-sync detection can be performed on a specific carrier. 

The manner of detecting radio link in-sync/out-of-sync will be decided by the manner of carrier scheduling and control channel configuration.
3. Conclusion
In this paper, physical layer perspective concerning potential impact by introducing multi-carrier HSUPA for 1.28Mcps TDD was briefed, and several framework proposals were also raised.
Proposal 1: 

In case that UE performs uplink transmission on multiple carriers simultaneously, 

· each E-PUCH on one carrier is commanded by one E-AGCH

· E-PUCH on one carrier can be commanded by control channel on the same carrier
· E-PUCHs on multiple carriers can be commended by control channels camping on one single carrier
Proposal 2:

In case that UE performs uplink transmission on multiple carriers simultaneously,

· each carrier maintains its own Pebase value according to single carrier behaviour

· there are multiple PRRI values to be indicated, each accounts for power grant of one carrier

· One UE needs to generate one individual UPH for each carrier

· SI reporting mechanism regarding multiple carriers is FFS.

It is proposed to endorse above proposals as a basis to expedite RAN1 stage 2 work in order to meet stage 2 completion work plan.





















