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1 Introduction

At RAN#45 meeting, the Work Item "1.28Mcps TDD Multi-carrier HSUPA" was approved. And at the last RAN2#69 meeting, there are several agreements at MAC aspect for MC-HSUPA. It is generally considered that there is requirement for extension of TSN. While, how to extent TSN in MAC-i PDU is still an open issue. In this contribution, further analysis is made on this issue and some proposals are given correspondingly.

2 Discussion

As analysed in [1], in MC-HSUPA, the consumption of TSN numbering is increased. Each UL carrier can transmit one MAC-i PDU in one TTI. That is, TSN is increased by N for one LCH in one TTI if N denotes the number of UL carriers. At the worst case, the maximum consumption of TSN numbering happens under the condition that transmission on one HARQ process always fails until it reaches maximum retransmission number(supposing the retransmission timer doesn’t expire), while the other HARQ processes are always successful with the initial transmission. This case is illustrated in Figure 1.
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Figure1 Consumption of TSN numbering

Supposing that N is the number of UL carriers, M is the maximum retransmission number of a MAC-i PDU, the maximum TSN numbering space can be calculated as:
Maximum TSN numbering space = 2*[4*N+(4*N-1)*M] = 2*[4*N*(1+M)-M]        (1)
2.1  The extension length of TSN

Based on the Equa. (1), the maximum TSN numberings with different values of N amd M are list as following:

	
	2
	3
	4
	5
	6
	7
	8

	2 
	44
	58
	72
	86
	100
	114
	128

	3
	68
	90
	112
	134
	156
	178
	200

	4
	92
	122
	152
	182
	212
	242
	272

	5
	116
	154
	192
	230
	268
	306
	344

	6
	140
	186
	232
	278
	324
	370
	416


In the table above, the different TSN lengths supporting MC-HSUPA are denoted by different background colours: the yellow for 6 bits, the blue for 7 bits, the green for 8 bits, and the red for 9 bits of the TSN length.
In the real network, for UEs without large amount of data to transmit in uplink, it is generally considered that the configuration of two carriers and three retransmissions is enough. Since this is a typical scenario, we think it is recommended that the 6 bits length can be used in MC-HSUPA. Furthermore, since in implementation, the number of retransmisson is usually no more than 4(that is, 5 transmissons), so it is considered to adopt extension of TSN with 8 bits.
Proposal1: In MC-HSUPA, the length of TSN can be configured to be 6 or 8 bits by higher layer signalling.
2.2 TSN extension formats in MC-HSUPA for LCR TDD

There are several possible ways for TSN extension in MC-HSUPA for LCR TDD:

· Opt1: TSN in MAC-i PDUs is extened to 14 bits which is similar to FDD DC-HSUPA.
· Opt2: the extended bits of all TSNs are concatenated together and placed after the last MAC-is PDU which is similar to MC-HSDPA. This is illustrated in Fig4.
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Fig.4 Opt2: TSN extension in MC-HSUPA for LCR TDD
· Opt3: the extended bits of TSNs are concatenated together to comprise one or several whole octets. If the concatenation of TSNs extension bits (namely, TSN extension field) is not byte-aligned, padding is needed to keep the TSN extension field byte-aligned. The composed octets are placed after the last MAC-i Header. This is illustrated in Fig5.
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Fig.5 Opt3: TSN extension in MC-HSUPA for LCR TDD
In Opt1, the format of MAC-i PDUs is consistent with that of SC-HSUPA and is kept byte-aligned. But one extra byte of TSN needs to be added for every LCH with data in MAC-i PDU, which results in much overheated and low efficiency.

In Opt2,it might be not byte-aligned after the extended bits of TSNs are concatenated together. If there exists SI in a MAC-i PDU, bit shifting is needed to get extened bits of TSNs and SI, and calculation of all L fields in MAC-i header is needed to get the start of TSN extension, which also results in much process overheader.

Actually, it is helpful to keep MAC-i Header byte-aligned for simplification of implementation which is exactly the aim of Opt3. If TSN is extened to 8 bits and there are data from four LCHs in one MAC-i PDU, TSN extension field is equal to one whole byte. NodeB can get the extened bits of TSN for each MAC-is PDU only after reading MAC-i header and thus the calculation of L fields in MAC-i header is not needed.

As analysised above, the TSN extension in MC-HSUPA with Opt3 is proposed.
Proposal2: In MC-HSUPA, extended bits of TSNs are concatenated together to comprise whole octet(s). The composed octets are placed after the last MAC-i Header.
3 Proposal
In this contribution we discuss extension of TSN length for 1.28Mcps TDD MC-HSUPA. We suggest RAN2 to discuss the issues mentioned above and agree the following proposal:

Proposal1: In MC-HSUPA, the length of TSN can be configured to be 6 or 8 bits by higher layer signalling.
Proposal2: In MC-HSUPA, the extended bits of TSNs are concatenated together to comprise whole octet(s). The composed octets are placed after the last MAC-i Header.
4 References
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