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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 MAC structure of Multi-Carrier HSUPA for 1.28Mcps TDD and give some proposals.
2 Discussion

As stated in [1], for Multi-Carrier HSUPA: 

· 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

The framework of multi-carrier HSUPA operation shall take the existing multi-carrier HSDPA and Release 8/9 LCR TDD HSPA+ architecture into account.
It is obvious that support of MC-HSUPA operation does not have any impact on the PDCP and RLC layers. In order to allow the simultaneous transmission of multiple transport blocks in uplink on multiple carriers, some changes need be introduced in MAC entity.
· MAC-e or MAC-i
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 entity but not MAC-e/es entity.

· Distribution of data flow
When MC-HSUPA operation is applied, distribution of data flow to each carrier could be performed either at MAC layer or at physical layer.

If performed at physical layer, it means that transport block is distributed to different carrier after encoding. In this case, if data block on any carrier is not transmitted successfully, the whole transport block would need to be retransmitted which may cause less efficiency. This is very different from the general concept in SC-HSUPA that there is one TBS per TTI on single carrier. And the structure of uplink control channel would also be modified to indicate of which carriers data need to be combined before decoding. Since combination of data block from different carriers is possibly needed, coding scheme of E-PUCH would not be independent between carriers. Therefore, it would conflict with the conclusion decided by RAN1 that the coding scheme of E-DCH is unchanged, and the coding scheme of this physical channel on each carrier should be independent.
If distribution of data flows is performed at MAC layer, it means that MAC-i/is entity at UE side distributes the data flow to each carrier. Error in data transmission on one carrier would not affect other carriers and retransmission only needs on the carrier where transmission error occurs. Considering to minimize modification to the specifications, it is suggested that distribution of data flows is performed at MAC layer.
Proposal 2: In MC-HSUPA, there is one MAC-i/is entity at UE which distributes data flow to each carrier.
· HARQ:

In SC-HSUPA, HARQ entity is responsible for handling the HARQ protocol. As proposed above, the distribution of data flow to each carrier is performed at MAC layer, from the point of simplification, it is reasonable to suggest HARQ entity is separated for each carrier. Namely one HARQ sub-entity is corresponding to one carrier which is similar to the scheme applied for MC-HSDPA. This can make less modification to the current HARQ entity in SC-HSUPA and can also not increase the overhead of HARQ process ID carried on E-UCCH.

Proposal 3: In MC-HSUPA, one separate HARQ sub-entity is corresponding to one carrier.

· Segmentation, multiplexing and TSN setting:
In SC-HSUPA, the segmentation and TSN setting at UE side are performed per logical channel. If these functionalities are duplicated for each carrier in MC-HSUPA, 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 at UE side should be used jointly for all of UE's carriers. Correspondingly at UTRAN side, it is suggested that reordering, disassembly and reassembly functions are also joint for all of E-DCH carriers.
Proposal 4: In MC-HSUPA, segmentation, multiplexing and TSN setting functions at UE side, reordering, disassembly and reassembly functions at UTRAN side are joint for all carriers.

In SC-HSUPA, the length of TSN is 6 bits. For MC-HSUPA, there may be multiple MAC-is PDUs of one logical channel being transmitted in one TTI and this will increase the consumption of TSN. To avoid the problem of TSN overturn, it is suggested to extend the length of TSN.

Proposal 5: In MC-HSUPA, length of TSN shall be extended.
3 Conclusions

In this contribution we discuss MAC structure of 1.28Mcps TDD Multi-Carrier HSUPA. We suggest RAN2 to discuss the issues mentioned above and make conclusion on the proposals:
Proposal 1: MC-HSUPA operation shall be supported by MAC-i/is entity but not MAC-e/es entity.

Proposal 2: In MC-HSUPA, there is one MAC-i/is entity at UE which distributes data flow to each carrie.
Proposal 3: In MC-HSUPA, one separate HARQ sub-entity is corresponding to one carrier.

Proposal 4: In MC-HSUPA, segmentation, multiplexing and TSN setting functions at UE side, reordering, disassembly and reassembly functions at UTRAN side are joint for all carriers.

Proposal 5: In MC-HSUPA, length of TSN shall be extended.
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