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1 Introduction

At RAN#45 meeting, the Work Item "1.28Mcps TDD Multi-carrier HSUPA" was approved. The discussion about multi carrier evolution for HSPA shall be under this WI with the scope limited to the items proposed in WI proposal [1]. In this contribution, we discuss some considerations on this topic.
2 Discussion

According to [1], Multi-Carrier HSUPA was specified for the following scenarios: 
· Multi-carrier transmission only applies to physical channels for scheduling E-DCH 
· UE supporting multi-carrier E-DCH transmission should be capable of simultaneously transmitting on multiple carriers (up to 6). Multiple carriers assigned to one UE for E-DCH transmission shall be adjacent. 

· The scheme of multi-carrier HSUPA operation should keep common with single-carrier HSUPA operation as much as possible, and different aspects to be introduced should be investigated carefully and justified. 

· Backward compatible with pre-R10 HSUPA operation

· Introduce a Stage 2 level definition of the multi-carrier HSUPA to TS25.319 

· Introduce the functionality for the relevant specifications of 

Physical layer protocols and procedures 

L2/L3 protocols and procedures 

UTRAN network interfaces
· Introduce radio frequency performance requirements for relevant specifications and requirements for support of RRM

The framework of multi-carrier HSUPA operation shall take the existing multi-carrier HSDPA and Release 8/9 LCR TDD HSPA+ architecture into account.
The following sections give proposals on working assumption, some considerations and related suggestions on physical layer higher layer aspects.
2.1 Proposed Working Assumption
In this section, some working assumptions of the WI “1.28Mcps TDD Multi-carrier HSUPA” are proposed.

The main motivation to introduce MC-HSUPA is to improve the peak rate of single UE. Since the multi-carrier operation is quite fit for high data-rate packet services and UEs with this type of services are usually working in CELL_DCH state, proposal 1 is given as below:
Proposal 1: MC-HSUPA operation is introduced only in CELL_DCH state.
Since MC-HSDPA operation has already been introduced for 1.28Mcps TDD and UE often has higher downlink capability than uplink, we suggest that a UE which supports MC-HSUPA shall support MC-HSDPA.

Proposal 2: The UE and network which support MC-HSUPA shall support MC-HSDPA.
The relationship between MC-HSUPA and some HSPA+ features including DRX operation, SPS operation and UL enhanced L2 in release 8 are analyzed as below:
· DRX operation is used for UE to save power and prolong the battery life. Since UE working in multi-carrier mode may monitor more control channels, the power saving scheme is also required and the further discussion can be found in section 2.2.
· SPS operation is used to transmit real-time and low data-rate service, e.g. VoIP. It is proposed that MC-HSUPA operation shall not be used for SPS transmission. Similarly, MC-HSUPA shall not be used for non-scheduled transmission.

· Enhanced L2 is used to improve the efficiency of RLC and MAC process, especially for high data rate service, so we propose that MC-HSUPA operation shall base on uplink enhanced L2.
Proposal 3: The UE and network which support MC-HSUPA shall support UL enhanced L2.

Proposal 4: When MC-HSUPA operation is configured for one UE, SPS operation and non-scheduled transmission shall be configured only on one carrier.

2.2 Physical Layer aspects

2.2.1 Physical channel structure
In MC-HSDPA, there is only one CCTrCH of HS-DSCH type per carrier per UE and there is only one HS-DSCH per CCTrCH. In MC-HSUPA, we suggest that there is only one CCTrCH of E-DCH type per carrier per UE, there is only one E-DCH per CCTrCH, and there is only one transport block per TTI per carrier. 

In MC-HSDPA, the spreading, burst type, timeslot format and timing of HS-SCCH/HS-PDSCH/HS-SICH are the same as SC-HSDPA. In order to keep common with single-carrier HSUPA operation and take the conclusions of MC-HSDPA into account as much as possible, it is proposed that the spreading, burst format, timeslot format, and timing of E-AGCH/E-PUCH/E-HICH remain unchanged.
Reference to MC-HSDPA, we propose that the coding scheme of E-DCH, E-UCCH, E-RUCCH, and E-HICH are unchanged, and if the UE is working in multi-carrier mode, the coding scheme of above physical channels of each carrier should be independent.

For E-AGCH, in order to decrease the number of E-AGCHs UE monitors simultaneously, it is FFS whether the E-AGCH is allowed to control several carriers or not.
Proposal 5：In MC-HSUPA, there is only one CCTrCH of E-DCH type per carrier per UE, there is only one E-DCH per CCTrCH, and there is only one transport block per TTI per carrier.
Proposal 6: The spreading, burst format, timeslot format, and timing of E-AGCH/E-PUCH/E-HICH remain unchanged.

Proposal 7: The coding schemes of E-DCH, of E-UCCH, of E-RUCCH, and of E-HICH are unchanged, and the coding scheme of these physical channels on each carrier should be independent.

Proposal 8: Whether the E-AGCH is allowed to control several carriers is FFS.
2.2.2 Physical channel assignment
In multi-carrier HSDPA, control channels which belong to different carriers can be configured on only one carrier or on several carriers. So we suggest that the control channels of physical layer don’t bond with carrier, it can be configured on the same carrier as that of the corresponding E-PUCH is configured on, or can be configured on the different carrier from that of the corresponding E-PUCH is configured on.

Proposal 9: In MC-HSUPA, E-AGCH/E-HICH can be configured on the same or different carrier as the corresponding E-PUCH.
2.2.3 Power saving aspects
DRX operation introduced in Rel 8 for 1.28 Mcps TDD is used to save UE’s power. In MC-HSUPA, power saving for UE is also required. Besides DRX operation, activation/deactivation of carrier is another way to save power. 
In Dual Cell HSUPA for FDD, when UE's traffic volume reduces or the channel condition of a working carrier becomes worse, the Node B would deactivate a carrier. When the traffic volume goes up or the channel condition of a deactivated carrier becomes better, the Node B would reactivate the carrier. 
For 1.28 Mcps TDD, the E-PUCH is a shared channel and the UE could not use the channel without having received E-AGCH, therefore, when UE stops monitoring the E-AGCHs of one carrier, this carrier could be regarded as deactivated. According to the analysis above, the activation and deactivation operation are similar to DRX operation, which could control UE to stop monitoring control channel.
Proposal 10: Taking Rel 8 DRX operation into account to save UE’s power in MC-HSUPA, and investigate whether to introduce carrier activation and deactivation in MC-HSUPA or not.

2.2.4 Power Control aspects
There are advantages for using different inner power control loops for the individual carriers:

· UE may experience different interference levels on the different carriers. It would be beneficial to rely on different power control loops for each carrier. 

· The approach of using different power control loops for the individual carriers could reuse the existing power control procedures.

· It is likely to simplify the coexistence between multi-carrier and legacy single-carrier UEs (this would also minimize the RAN4 work).

Considering the advantages, each carrier should have its own inner power controlling loop. So the inner loop power control of E-PUCH shall be independent of each carrier of one UE. When several E-AGCHs of one UE are assigned on the same carrier, the power control scheme is FFS.  
For outer loop power control, there are two alternatives: power control per carrier or power control among multi-carrier together. We suggest leaving this issue open for further study. 

Proposal 11:  The inner loop power control of E-PUCH shall be independent for each carrier of one UE. When several E-AGCHs of one UE are assigned on the same carrier, the power control scheme is FFS.

Proposal 12:  The outer loop power control scheme of E-PUCH/E-AGCH/E-HICH is FFS.

2.2.5 Synchronization

For 1.28 Mcps TDD MC-HSUPA, the carriers assigned to a UE are adjacent, so the wavelength and carrier character of each carrier will be quite similar. Then in wireless environment, the scattering and diffraction of each carrier will be quite similar too. Therefore, the receiving time on multiple carriers transmitted by one UE won't have much difference. Thus we suggest that the timing advance of each carrier should be the same.

Proposal 13: All carriers of one UE use the same TA.

3 Conclusions

In this contribution we discuss some considerations on Multi-Carrier HSUPA for 1.28 Mcps TDD. We suggestion RAN1 to discuss the issues mentioned in this contribution and make conclusion to the proposals below:
Proposal 1: MC-HSUPA operation is introduced only in CELL_DCH state.
Proposal 2: The UE and network which support MC-HSUPA shall support MC-HSDPA.
Proposal 3: The UE and network which support MC-HSUPA shall support UL enhanced L2.

Proposal 4: When MC-HSUPA operation is configured for one UE, SPS operation and non-scheduled transmission shall be configured only on one carrier.

Proposal 5：In MC-HSUPA, there is only one CCTrCH of E-DCH type per carrier per UE, there is only one E-DCH per CCTrCH, and there is only one transport block per TTI per carrier.
Proposal 6: The spreading, burst format, timeslot format, and timing of E-AGCH/E-PUCH/E-HICH remain unchanged.

Proposal 7: The coding schemes of E-DCH, of E-UCCH, of E-RUCCH, and of E-HICH are unchanged, and the coding scheme of these physical channels on each carrier should be independent.

Proposal 8: Whether the E-AGCH is allowed to control several carriers is FFS.
Proposal 9: In MC-HSUPA, E-AGCH/E-HICH can be configured on the same or different carrier as the corresponding E-PUCH.

Proposal 10: Taking Rel 8 DRX operation into account to save UE’s power in MC-HSUPA, and investigate whether to introduce carrier activation and deactivation in MC-HSUPA or not.

Proposal 11:  The inner loop power control of E-PUCH shall be independent for each carrier of one UE. When several E-AGCHs of one UE are assigned on the same carrier, the power control scheme is FFS.

Proposal 12:  The outer loop power control scheme of E-PUCH/E-AGCH/E-HICH is FFS.

Proposal 13: All carriers of one UE use the same TA.
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