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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 higher layers for 1.28Mcps TDD Multi-Carrier HSUPA.
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 some considerations and related suggestions on higher-layer aspects.

2.1 MAC structure

Obviously, the support of MC-HSUPA operation does not have any impact on the PDCP and RLC layers. However, in order to allow the simultaneous transmission of multiple transport blocks in uplink on multiple carriers, some changes need be introduced in MAC entities. This section intends to analyze the potential impacts on MAC layer and give some proposals.

Since both MAC-e/es and MAC-i/is can support E-DCH transmission, MC-HSUPA operation can be based on whether MAC-e/es or MAC-i/is. Considering that MAC-i/is is enhanced MAC-e/es and using MAC-i/is can improve L2 process efficiency especially for high-data-rate traffic, we propose to introduce MC-HSUPA operation based on MAC-i/is.
Proposal 1: MC-HSUPA operation shall be supported by MAC-i/is but not MAC-e/es.

When MC-HSUPA operation is applying, MAC-i entity in UE side distributes the data flows to each carrier and each carrier performs coding, modulation and spreading independently. In the UTRAN side, the physical layer of Node B receives and decodes data flows on each carrier, and the MAC-i entity in the Node B de-multiplexes the MAC flows of multi-carriers and delivers them to MAC-is entity in the RNC with FP frames.

Proposal 2: There is one MAC-i entity in the UE who distributes the data flows to each carrier and each carrier performs coding, modulating, and spreading independently. There is one MAC-i entity in the Node B to de-multiplex the MAC flows from multiple carriers.
Analysis for the impact to the functions of MAC-i/is entities including HARQ, Multiplexing, TSN setting and E-TFC selection are as below:

· HARQ:

In MC-HSDPA, HARQ entity is separated for each carrier, which can make scheduler more flexible without increasing the overhead of the process ID carried in E-AGCH. The similar scheme can be applied for MC-HSUPA. 
· Segmentation, multiplexing and TSN setting:
Currently, segmentation and TSN setting are performed per logical channel. If these functionalities are duplicated for each carrier, each logical channel will potentially have several different segmentation and TSN setting functions, which may bring difficulties for the receiver side to reorder the data correctly and send them to the RLC entity in sequence. To simplify the implementation, we propose that the Segmentation, multiplexing and TSN setting functions should be used jointly for all of UE's carriers.
In SC-HSUPA, TSN length is 6 bits. For MC-HSUPA, there may be multiple MAC-i PDUs of one logical channel being transmitted in one TTI and this will increase the TSN consumption. To avoid the TSN overturn, it is suggested to extend the TSN length. Since the maximum supported carrier number for one UE of MC-HSUPA is 6[1], we propose to extend the TSN length to 9 bits.

· E-TFC selection:
It is assumed that the UE needs to perform channel coding and multiplexing on each carrier separately, and the ROT controlling is operated per carrier. So the UE should have separated E-TFCs selection entity for each carrier, and each carrier should carry a separate TBS in the same TTI. 
Furthermore, a modification will be needed to the existing E-TFC selection scheme when the power of each carrier is shared for one UE. The UE power control (RAN1) and E-TFC selection (RAN2) will be dependent when the UE is power limited.
Additionally, since the E-TFC selection function of 1.28Mcps TDD is different from the one of FDD because the E-DPDCH is dedicated for one UE while the E-PUCH is shared by multiple UEs, in our opinion, besides power resource grant, the E-TFC selection of 1.28Mcps TDD shall also take the grants of code resources and timeslot resources into account, and shall aim at achieving a maximized data rate under the received grants.
Proposal 3: Segmentation, multiplexing and TSN setting are joint functionalities for all E-DCH transport channels of one UE; HARQ entity is configured per carrier.

Proposal 4: In MC-HSUPA, TSN length shall be extended to be 9 bits.
Proposal 5: RAN2 shall consider the power allocation scheme when UE's power is not enough for its received grants, and E-TFC selection shall take the grants of power, code resources and timeslot resources into account, and shall aim at achieving a maximized data rate under the received grants.
2.2 Scheduling Information
In section, scheduling information impacts are analyzed for the introduction of MC-HSUPA.
2.2.1 SI Elements
The current Scheduling Information contains the five fields of TEBS, HLID, HLBS, SNPL and UPH. The impacts on each field are analyzed as below. 
· TEBS, HLID and HLBS:
The fields of TEBS, HLID and HLBS are buffer status related information and these fields are UE specific parameters.
· UPH:

The UE power headroom consists of three parts: Pmax,tx, pathloss and Pe-base:

The UE power headroom consists of three parts: Pmax,tx, pathloss and Pe-base:
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Where,

· The Pmax,tx is equal to the smallest value taken from Pmax or Maximum allowed UL TX Power whichis as following:
Pmax,tx = min {Maximum allowed UL TX Power, Pmax}
The Pmax of each carrier can be obtained by dividing the maximum UE Tx power by the number of carriers or could be equal to the maximum UE Tx power directly. Considering that the Tx power can be shared among carriers, it would be more simple for UE to set the Pmax equal to the maximum UE Tx power. 

The Maximum allowed UL TX Power can be regarded as a cell specific or a carrier specific parameter. In SC-HSUPA, the specifications supports that different frequency can configured different Maximum allowed UL TX Power, which can be of benefit to controlling UL interference of specific frequency of cell independently. Therefore, it is proposed that the Maximum allowed UL TX Power is carrier specific parameter.
· The path loss is common for each carrier.
· The Pe-base is associated with the power control scheme, if the independent power control scheme is determined by RAN1, each carrier shall have its own Pe-base.
According to the analysis above, it will be reasonable that the UPH shall be separated for each carrier.
SNPL:

In MC-HSUPA, since UE may have multiple “working frequencies” and the neighbour cells of each carrier may be different, so whether the path loss of a neighbour cell should be considered in SNPL calculation needs to be further studied. This also have impacts on SI reporting scheme and the signalling of Measurement Control message. We propose that the definition of SNPL in MC-HSUPA, especially which cells need to be considered when calculate the SNPL need to be FFS.
Proposal 6: In MC-HSUPA, TEBS, HLBS and HLID are common for each carrier of one UE.
Proposal 7: In MC-HSUPA, UPH is separated for each carrier, the Pmax is equal to the maximum UE Tx power, and the Maximum allowed UL TX Power is configured by RRC for each carrier independently.
Proposal 8: It is proposed that the definition of SNPL in MC-HSUPA need to be FFS.
2.2.2 SI Reporting
Based on the discussion in 2.2.1, there are two alternatives for SI reporting schemes:
Joint scheme (Change the current SI format):
Each carrier has common scheduling information. The independent UPH and SNPL (UPH of each carrier, SNPL of each carrier or of each group carriers) are packed into one SI separately, and the buffer status related information including TEBS, HLID and HLBS are common values.

Separated scheme (Keep the SI format unchanged):
In this option, each carrier has its own scheduling information.

It is obviously that the joint scheme can avoid the redundant buffer information but cause format change while the separated scheme can avoid format change but would waste resource. Each scheme has advantages and disadvantages.
2.2.3 SI Trigger

Scheduling Information needs to be reported by the UE to assist Node B’s scheduling. In SC-HSUPA, the SI reporting needs to be triggered when any of the following conditions is met:

Condition 1: The TEBS becomes larger than zero from equal to zero;

Condition 2: An E-DCH serving cell change occurs and the TEBS is larger than zero
Condition 3: The timer T-WAIT expires, and the TEBS still larger than zero;
Condition 4: The timer T-SI expires;

Condition 5: The data with higher priority than the data already in the transmission buffer arrives;

Condition 6: Triggered by padding

In MC-HSUPA, the conditions mentioned above can be reused in principle, however, there may need some minor modification to some conditions, which are analyzed as below:

For the condition 1, 2 and 5, the SI is triggered by buffer status, for the condition (6), it is triggered by padding, and they are all independent of carriers. Thus, the condition (1), (2), (5) and (6) can be reused in MC-HSUPA. 

For the condition 3, the timer T-WAIT is used to request grant when UE has experienced long pause duration of scheduling and for condition 4, the timer T-SI is used to avoid long pause duration of scheduling information reporting. It can be seen that whether these two conditions are met may depend on the scheduling of each carrier when MC-HSUPA is introduced. So it may have relationship with the SI format: 
· If the joint format is introduced, the timer T-SI and the timer T-WAIT are common among carriers and the related SI trigger conditions may need to be modified to handle the inter-working among multiple carriers.
· If the separated format is used and the SI is triggered independently for each carrier, the SI reporting triggered by T_WAIT or T_SI may be independent among carriers and the current scheme can be reused. However, considering that if each carrier maintains its own T-WAIT and triggers SI reporting independently, the probability of E-RUCCH collision may increase. This shall also be taken into account when deciding the SI reporting triggering conditions.
Based on the analysis above, we can find that the SI format is the premise of the SI triggering scheme, so we proposed RAN2 to decide SI format first, and SI triggering scheme shall be determined based on the decision of SI format.
Proposal 9: RAN2 discusses and decides SI format first, and based on the determined SI format, to decide the SI triggering scheme.

2.2.4 Measurement
In SC-HSUPA, to judge whether a neighbour cell is intra or inter frequency neighbour cell is based on working frequency. When MC-HSUPA is introduced, UE would have multiple working carriers, which will affect the definition of intra and inter frequency measurement. So it is necessary to introduce a reference frequency for MC-HSUPA operation.

Proposal 10: To define reference frequency for MC-HSUPA.
3 Conclusions

In this contribution we discuss some considerations on Multi-Carrier HSUPA for 1.28 Mcps TDD. We suggestion RAN2 to discuss the issues mentioned in this contribution and make conclusion to the proposals below:
Proposal 1: MC-HSUPA operation shall be based on MAC-i/is but not MAC-e/es.
Proposal 2: There is one MAC-i entity in the UE who distributes the data flows to each carrier and each carrier performs coding, modulating, and spreading independently. There is one MAC-i entity in the Node B to de-multiplex the MAC flows from multiple carriers.
Proposal 3: Segmentation, multiplexing and TSN setting are joint functionalities for all E-DCH transport channels of one UE; HARQ entity is configured per carrier.
Proposal 4: In MC-HSUPA, TSN length shall be extended to be 9 bits.
Proposal 5: RAN2 shall consider the power allocation scheme when UE's power is not enough for its received grants, and E-TFC selection shall take the grants of power, code resources and timeslot resources into account, and shall aim at achieving a maximized data rate under the received grants.
Proposal 6: In MC-HSUPA, TEBS, HLBS and HLID are common for each carrier of one UE.
Proposal 7: In MC-HSUPA, UPH is separated for each carrier, the Pmax is equal to the maximum UE Tx power, and the Maximum allowed UL TX Power is configured by RRC for each carrier independently.
Proposal 8: It is proposed that the definition of SNPL in MC-HSUPA need to be FFS.
Proposal 9: RAN2 discusses and decides SI format first, and based on the determined SI format, to decide the SI triggering scheme.
Proposal 10: To define reference frequency for MC-HSUPA.
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