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1 Introduction

At RAN#45 meeting, the Work Item "1.28Mcps TDD Multi-carrier HSUPA" [1] was approved. In RAN1#59 meeting, the following working assumptions were agreed based on the analysis in [2] and [3]. 
1. A legacy single-carrier UE or multi-frequency HSDPA UE should be able to operate in a MC-HSUPA cell.

2. MC-HSUPA operation is introduced only in CELL_DCH state.

3. The UE and network which support MC-HSUPA shall support MC-HSDPA.

4. The UE and network which support MC-HSUPA shall support UL enhanced L2.

5. When MC-HSUPA operation is configured for one UE, SPS operation shall be configured on max 1 carrier.

6. 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.

7. The spreading, burst format, timeslot format, and timing of E-AGCH/E-PUCH/E-HICH remain unchanged.

8. The coding scheme of E-DCH is unchanged, and the coding scheme of this physical channel on each carrier should be independent.

9. The coding schemes of E-UCCH and E-HICH on each carrier should be independent and there is no interleaving between the carriers.

10. The inner loop power control of E-PUCH shall be independent for each carrier of one UE.
11. All carriers of one UE use the same TA.
Moving forward, this contribution would make further analysis on the open issues of MC-HSUPA protocol implementation and give some concrete suggestions.
2 Discussion
2.1 Measurements and SI reporting
In the current HSUPA system, Scheduling Information is sent through E-PUCH or E-RUCCH if UE has data available for transmission, the SI message is composed of the following fields:
	SNPL

(5 bits)
	UPH

(5 bits)
	TEBS

(5 bits)
	HLBS

(4 bits)
	HLID

(4 bits)


Figure 1：Structure of Scheduling Information
With the introduction of Multi-Carrier HSUPA, The setting of SI information fields need to be updated to support multi-carrier characteristics, and the analysis should be made from the perspectives of transmission optimization and interference control.

Buffer Status:
TEBS, HLBS and HLID are used to reflect UL buffer status, including Total E-DCH Buffer Status, Highest priority Logical channel Buffer Status and Highest priority Logical ID. The measurement and reporting criteria of them are related to the data allocation strategy over different carriers.
When MC-HSUPA is introduced, Node B needs to support simultaneous scheduling of E-PUCH in multiple carriers, and UE needs to support simultaneous E-DCH transmission in multiple carriers, this brings about an issue of E-DCH data stream splitting to different carriers. The options of MAC layer splitting and physical splitting could be considered. If data stream splitting is performed in physical layer, since the CRC checksum is added before data stream splitting, the whole data packet needs to re-transmitted if error occurs on any carrier, but it is highly possible that there are not enough resources to support retransmission, this brings serious limitation for scheduling and resource allocation. If the data stream splitting is conducted in MAC layer, the problem of retransmission resource limitation does not exist anymore, and the network side can reorder and combine the E-DCH transport blocks according to the TSN field in MAC-is PDU.
Based on the above analysis, this paper proposes that the function of data stream splitting onto different carriers is performed in MAC-is/i entity of MAC layer, as shown in Figure 2. The data from different logical channels are processed by MAC-d entities respectively, then they are multiplexed in MAC-is/i entity, and MAC-is/i entity further splits the data stream onto different carriers. If multiple carriers have E-PUCH to transmit in the same TTI, one transport block is carried on each carrier respectively. MAC-is/i entity deliver the MAC-i PDUs to physical layer through transport channels, then physical layer processes the E-DCH data on each carrier with channel coding and mapping to the physical resources.
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图2：UE side MAC structure for MC-HSUPA
Proposal 1: The function of data stream splitting onto multiple carriers in UE side is performed in MAC layer, and network performs reordering and combination according to the TSN field in MAC-is PDU.

Based on the above data stream splitting scheme, suggestions on buffer status reporting is given below:
Proposal 2: TEBS reporting is UE specific, it is reported according to the total amount of E-DCH data in the buffer.

Proposal 3: HLBS reporting is UE specific, it is reported according to the amount of E-DCH data in the highest priority logical channel with data buffered for transmission.

Proposal 4: HLID reporting is UE specific, it is the identity of the highest priority logical channel with E-DCH data buffered for transmission.

SNPL：
SNPL is the difference of path loss between the serving cell and the neighbouring cells. To facilitate the control of interference levels of each carrier, it is proposed to measure and report SNPL for each HSUPA carrier, so that Node B can control the uplink interference of each carrier in an efficient way.

Proposal 5: SNPL shall be measured and reported on a per carrier basis by the UE.
UPH:
UPH is the uplink transmission power headroom of a UE, its definition in the current standard is the power headroom on a single carrier. With introduction of multi-carrier HSUPA, to increase the spectrum efficiency and allow flexibility of Node B scheduling, it is better to report the total power headroom of all the carriers. However, the cross-carrier power allocation depends on the UE capability of transmission power sharing between carriers, and depends on the structure of UE power amplifiers, i.e., separate PA for different carriers or a single PA for all carriers. Therefore, before the decision is made on whether to report per-carrier or per-UE UPH, UE capabilities need to be investigated.
Proposal 6: UPH is reported on a per UE basis or per carrier basis, depending on the UE capability of power sharing.

To save UE power consumption, it is desirable to limit the number of carriers need to be measured and limit the number of E-AGCH channels to a reasonable level. Here we suggest to introduce a concept of active carrier subset, i.e., UE only needs to perform measurements against the carriers in this subset, and only needs to monitor the E-AGCHs corresponding to the E-PUCH carriers in this subset, and of course, UE is only allowed to transmit E-PUCH in this carrier subset. UE specific active carrier subset could be configured to UE by Layer 3 signalling.
Proposal 7: Introduce a concept of UE specific active carrier subset.

2.2 MAC-is TSN Extension
Figure 3 illustrates the structures of MAC-is PDU and MAC-i PDU in the current single carrier HSUPA system, the length of the TSN field in MAC-is PDU is 6 bits.
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Figure 3: The structures of MAC-is PDU and MAC-i PDU in the current standard
With introduction of multi-carrier HSUPA, the amount of transmission sequence numbers needed are increased to a great extent. For 6-carrier HSUPA, the number of TSNs is 6 times of that of single-carrier HSUPA system, then another 3 bits on top of the current 6-bits TSN are needed for identification of such a number of MAC-is PDUs, so we need 9 bits in total.

To meet the requirement of TSN length extension, it is proposed to add a TSN Extension field with 3-bits length in the MAC-is PDU, as shown in Figure 4.
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 Figure 4: MAC-is PDU structure with TSN extended to 9 bits
Proposal 8: Extend the length of TSN field for MC-HSUPA, e.g., to 9 bits.

2.3 Scheduling and E-TFC Selection
In terms of Pebase management, to realize precise RoT control against different carriers, it is proposed to control the Pebase of each carrier independently, the method of Pebase control in each carrier is identical to the single-carrier HSUPA system.

Furthermore, based on the idea of per-carrier control, E-TFC selection procedure is also suggested to be controlled on a per-carrier basis. That is, UE selects appropriate TBS on each E-PUCH carrier according to the grant on its corresponding E-AGCH, the rules of selection is identical to single-carrier HSUPA system.

Proposal 9: Pebase control and E-TFC selection should be performed on a per-carrier basis.

3 Conclusions

In this contribution we discussed some open issues of Multi-Carrier HSUPA for 1.28Mcps TDD and give our suggestions as listed below:
Proposal 1: The function of data stream splitting onto multiple carriers in UE side is performed in MAC layer, and network performs reordering and combination according to the TSN field in MAC-is PDU.

Proposal 2: TEBS reporting is UE specific, it is reported according to the total amount of E-DCH data in the buffer.

Proposal 3: HLBS reporting is UE specific, it is reported according to the amount of E-DCH data in the highest priority logical channel with data buffered for transmission.

Proposal 4: HLID reporting is UE specific, it is the identity of the highest priority logical channel with E-DCH data buffered for transmission.

Proposal 5: SNPL shall be measured and reported on a per carrier basis by the UE.

Proposal 6: UPH is reported on a per UE basis or per carrier basis, depending on the UE capability of power sharing.

Proposal 7: Introduce a concept of UE specific active carrier subset.

Proposal 8: Extend the length of TSN field for MC-HSUPA, e.g., to 9 bits.

Proposal 9: Pebase control and E-TFC selection should be performed on a per-carrier basis.
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