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1 Introduction
The RAN#45 plenary meeting approved a new RAN1 work item termed as 1.28Mcps TDD multi-carrier High Speed Uplink Packet Access (MC-HSUPA) [1]. This contribution gives some carrier control and monitoring methods for MC-HSUPA.
2 Discussion
2.1 The carrier configuration of MC-HSUPA

It has been agreed in RAN1 #59 meeting that the UE and network which support MC-HSUPA shall support MC-HSDPA and A legacy single-carrier UE or multi-frequency HSDPA UE should be able to operate in a MC-HSUPA cell. 

In order to keep the flexibility of carrier configuration in MC-HSUPA, UE may simultaneously receive or transmit one or multiple carriers according to its capabilities:

-
A UE with MC-HSDPA/MC-HSUPA capability can simultaneously receive and/or transmit on multiple carriers.

-
A UE with single carrier capability can receive and transmit on one carrier which is scheduled by a MC-HSUPA NodeB.
For MC-HSUPA Node, it shall be possible to configure all carriers with single carrier capability backward compatible. Consideration of non-backward-compatible configurations of MC-HSUPA carriers should not be precluded.
For each Configured Uplink carrier, E-AGCH and E-HICH can be configured on the same or different downlink carrier. The E-PUCH and the Downlink control channel can be configured as following:

In figure 1, the E-PUCH and the corresponding DL Control channels (E-AGCH and E-HICH) are located on the same carrier. For MC-HSUPA without DPCH, when traffic channel and DL/UL control channels are configured on the same carrier, only few Walsh code need be reserved for control channel, which in turn divides the Walsh code into small piece. It’s hard to schedule all traffic channels in one carrier to one UE.
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Figure1. E-PUCH and corresponding E-AGCH and E-HICH configured on the same carrier.

If DL/UL control channel can be congregated on one/some carrier, other carriers can be scheduled as “traffic carrier”. The advantage of all UL/DL control channel congregation is that:

· NW can schedule resource with the granularity of entire time slot, no resource debris exist on “traffic carrier”. 

· The number of control channels can be reduced.

· All DL/UL resource on one carrier can be scheduled with one HS-SCCH/E-AGCH.

· The peak rate of MC-HSUPA/MC-HSDPA UE can be enhanced. 

· All DL/UL time slots on “traffic carrier” can be scheduled to one UE.
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Figure2. E-PUCH and corresponding E-AGCH and E-HICH configured on different carrier.
The control channel of MC-HSDPA can be configured on the same or different carrier with HS-PDSCH, we suggest E-PUCH 
Proposal1: E-PUCHs and the corresponding MC-HSUPA control channel can be configured on the same carriers or different carriers. 
One objective of Multi-carrier HSUPA WI is that: “The framework of multi-carrier HSUPA operation shall take the existing multi-carrier HSDPA and Release 8/9 LCR TDD HSPA+ architecture into account”. After MC-HSDPA was standardized in Release 7, HSPA+ without DPCH and TS0 is introduced in Release 8/9. In order to keep the commonality of MC-HSUPA and MC-HSDPA, the modification of TS0 and HSPA+ without DPCH for multi-carrier HSDPA should be take into consideration in MC-HSUPA WI.
Proposal2: The modification of TS0 and HSPA+ without DPCH for multi-carrier HSDPA should be taking into consideration.
In the above two scenarios, if each E-AGCH can only serves one pre-defined Uplink carrier, the total number of E-AGCH would be increased compared with E-AGCHs can be shared among different uplink carrier.

If one carrier indicator field can be extended in E-AGCH, all E-AGCHs can be shared among the uplink carriers. Compared with the E-AGCHs reserved for each uplink carrier, the total number of E-AGCH (with extended carrier indicator field) can be reduced. The E-AGCH with extended carrier indicator field is given as following:
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Figure3. E-AGCH with carrier indicator field

According to the current E-AGCH definition, when xflag,1, xflag,2=‘00’,the xinfo2,4, x,info2,5 and the Reserved bit is unused;when xflag,1, xflag,2≠‘00’,the the special information 2 (x,info2,1, xinfo2,2, x,info2,3, xinfo2,4, x,info2,5,) and the Reserved bit is unused. The unused bits can be extended as carrier indicator field.

For MC-HSDPA, each HS-SCCH is associated with one HS-PDSCH on one downlink carrier, HS-SCCH and the associated HS-PDSCH can located on same carrier or different carrier. When HS-SCCH is scheduled, UE shall receive the associated HS-PDSCH on the corresponding DL carrier.

Proposal3: one carrier indicator field can be extended in E-AGCH to support flexible inter-carrier E-PUCH scheduling. 
Proposal4: The carrier indicator field can be introduced to HS-SCCH for Multi carrier HSDPA scheduling.
2.2 The relationship of DL/UL transmission

UE with MC-HSDPA/MC-HUSPA capability need to detect the pre-configured HS-SCCH/E-AGCH/E-HICH for DL HS-PDSCH/UL E-PUCH scheduling.

Only if the HS-PDSCH on one carrier is scheduled by HS-SCCH or the DL control channel is configured on this carrier, shall UE open this DL carrier for DL reception. Otherwise, UE needn’t to open this DL carrier.

Only if the E-PUCH on one carrier is scheduled by E-AGCH or the HS-SICH for one scheduled HS-PDSCH is configured on this carrier, shall UE open this UL carrier for UL transmission. Otherwise, UE needn’t to open this UL carrier.

Proposal5: UE shall open/close the DL/UL carrier according to the pre-defined DL/UL control channel configuration and on which carrier the HS-PDSCH and E-PUCH is scheduled.
If E-PUCH and its pre-defined E-AGCH/E-HICH are configured on the same carrier, UE shall monitor DL E-AGCH, E-HICH and UL E-PUCH on the same carrier. When UE needs to transmit UL E-PUCH on one carrier, the DL of the same carrier should be activated first.

If E-PUCH and its pre-defined E-AGCH/E-HICH are configured on different carrier, UE shall transmit UL E-PUCH on one carrier while monitor E-AGCH/E-HICH on another carrier. When UE needs to transmit UL E-PUCH on one carrier, the DL carrier which E-AGCH and E-HICH is located on should be activated first.
Proposal6: The DL carriers and UL carriers of MC-HSDPA/MC-HSUPA UE should be operated separately.
2.3 Radio Link monitoring
In order to support the flexible simultaneous transmission of multiple transport blocks in uplink on multiple carriers, some mechanism should be introduced to fulfil the carrier control function of MC-HSUPA. First of all, the relationship of UE configured carriers and Radio link should be discussed.

Question 1: Shall the RNC or NodeB configure the Carrier information of MC-HSUPA?
In current specification, the carrier information is configured in RB configure/reconfigure signalling. Considering the backward compatibility of single carrier, we suggest that RNC should configure the carrier information associated with UE’s radio link according to each UE’s multi-carrier capability. 

When MC-HSUPA operation is applying, RNC should configure carriers and corresponding control channel for MC-HSUPA UE, meanwhile RNC should inform NodeB the configured carriers of each MC-HSUPA UE. The configured carriers should be the carriers configured by RNC for one MC-HSUPA UE. NodeB could schedule MC-HSUPA UE among these configured carriers.

Proposal 7: RNC configures the configured E-PUCH carriers and the corresponding control channel for MC-HSUPA UE, NodeB shall schedule UE among the RNC configured carriers, MC-HSUPA UE shall monitor all DL control channels.
For R7 and former release LCR TDD, the UE should detect the burst reception quality and the CRC of DPCH as the criterions of DL Synchronisation. For R8/9 HS-DSCH and E-PUCH operation without DPCH, only the criterion of HS-SCCH, E-AGCH and HS-DPSCH CRC detection is reserved for DL Synchronisation monitoring. Single carrier HSPA or MC-HSDPA system with associated DPCH only need to monitor DL channels on one carrier. While for MC-HSUPA, the E-PUCHs and corresponding E-AGCHs and E-HICHs can be assigned on one or several carriers.
Question 2: When shall the radio link failure be reported to network side?

If some “special channel” like DHCH is defined as the detection object for MC-HSUPA, radio link failure could be reported according to this channel’s quality. If no DPCH is configured, DL control channels shall be measured for radio link failure reporting. 

Proposal 8: Radio link failure indicates that all the downlink control physical channels can not be decoded correctly when the physical channels configured to the MC-HSUPA UE do not include associated DPCH.
3 Proposal

Proposal1: E-PUCHs and the corresponding MC-HSUPA control channel can be configured on the same carriers or different carriers. 
Proposal2: The modification of TS0 and HSPA+ without DPCH for multi-carrier HSDPA should be taking into consideration.
Proposal3: one carrier indicator field can be extended in E-AGCH to support flexible inter-carrier E-PUCH scheduling. 
Proposal4: The carrier indicator field can be introduced to HS-SCCH for Multi carrier HSDPA scheduling.
Proposal5: UE shall open/close the DL/UL carrier according to the pre-defined DL/UL control channel configuration and on which carrier the HS-PDSCH and E-PUCH is scheduled.
Proposal6: The DL carriers and UL carriers of MC-HSDPA/MC-HSUPA UE should be operated separately.
Proposal 7: RNC configures the configured E-PUCH carriers and the corresponding control channel for MC-HSUPA UE, NodeB shall schedule UE among the RNC configured carriers, MC-HSUPA UE shall monitor all DL control channels.
Proposal 8: Radio link failure indicates that all the downlink control physical channels can not be decoded correctly when the physical channels configured to the MC-HSUPA UE do not include associated DPCH.
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