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1 Introduction
Multiplexing issue is one of the important issue in E-DCH work. This paper analyzes the different multiplexing schemes from the viewpoint of MAC-e PDU overhead, and gives a help in deciding a suitable multiplexing scheme.
2 Required fields in MAC-e PDU header
Which information should be included in the MAC-e header depends on the multiplexing scheme and the restrictions imposed on it. For example, if MAC-e PDU is allowed to carry different size of RLC PDUs, then a field indicating the size of the RLC PDUs is needed in the MAC-e header. Therefore, it is necessary to identify each field that would be needed for E-DCH transmission.
· TSN (Transmission Sequence Number) : This field indicates the sequence number of the MAC-e PDU that would be needed for HARQ operation. The size is 6bits in HS-DSCH.
· SSI (SDU Size Information) : This field indicates the size and number of RLC PDUs included in the MAC-e PDU. The size varies depending on the size and number of RLC PDUs. In HS-DSCH, SSI comprises SID (3bits, Size Index), N (7bits, Number of MAC-d PDUs), and F (1bit, Flag to indicate whether the following is the SID or MAC-d PDU) fields, and the total size of this field is multiple of 11bits depending on the number of set of consecutive RLC PDUs with equal size.
· C/T : This field identifies the logical channel in a MAC-d flow to which the RLC PDU belongs. This field is necessarily present if logical channel multiplexing is allowed on E-DCH. The position could be either in MAC-e header if a MAC-e PDU is allowed to carry only RLC PDUs from a single logical channel, or in MAC-d header if a MAC-e PDU is allowed to carry RLC PDUs from different logical channels. In HS-DSCH, this field is positioned in the MAC-d header. The size is 4bits from R99.
· MID (MAC-d flow Identifier) : This field identifies the MAC-d flow to which the RLC PDU belongs. This field is necessarily present if MAC-d flow multiplexing is allowed on E-DCH. The position could be either in MAC-e header if a MAC-e PDU is allowed to carry only RLC PDUs from a single MAC-d flow, or in MAC-d header if a MAC-e PDU is allowed to carry RLC PDUs from different MAC-d flows. In HS-DSCH, MID is partly represented as QID, which is the size of 3bits. In case transmission queue is not used in E-DCH, QID could be replaced by MID, thus the size could be reduced to 1 or 2 bits.
3 MAC-e PDU examples

In this section, we show possible MAC-e PDU formats depending on the different multiplexing options. For each option, we first explain the multiplexing assumptions, and then add some remarks on the overhead size and out-of-band signaling. Here, we assume that only one MAC-e PDU is transmitted in a single TTI as of the HS-DSCH.
Option 1
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Assumption:

· Logical channels are not multiplexed into the same E-DCH transport channel.
· MAC-d flow multiplexing is not used.
· Only the same size of RLC PDUs are allowed in a single TTI.
Overhead size (bits):
· 6

Information over out-of-band signalling: 

· RLC PDU size

· MAC-e PDU size

Option 2
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Assumption:

· Logical channels are multiplexed into the same E-DCH transport channel. But only RLC PDUs from the same logical channel are allowed in a single TTI.

· MAC-d flow multiplexing is not used.

· Only the same size of RLC PDUs are allowed in a single TTI.

Overhead size (bits):
· 6 + 4 = 10

Information over out-of-band signalling: 

· RLC PDU size

· MAC-e PDU size
Option 3
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Assumption:

· Logical channels are multiplexed into the same E-DCH transport channel. RLC PDUs from different logical channels are allowed in a single TTI, but they are of a same size.

· MAC-d flow multiplexing is not used.

Overhead size (bits):
· 6 + 4 x J, where J is the number of RLC PDU

Information over out-of-band signalling: 

· RLC PDU size

· MAC-e PDU size
Option 4
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Assumption:

· Logical channels are multiplexed into the same E-DCH transport channel. RLC PDUs from different logical channels are allowed in a single TTI, and their sizes can be different.

· MAC-d flow multiplexing is not used. 

Overhead size (bits):
· 6 + 11 x K + 4 x J, where J is the number of RLC PDU, and K is the number of set of consecutive RLC PDUs with equal size
Information over out-of-band signalling: 

· MAC-e PDU size

Option 5
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 Assumption:
· Logical channels are multiplexed into the same E-DCH transport channel. But only RLC PDUs from the same logical channel are allowed in a single TTI.
· MAC-d flow multiplexing is allowed, but RLC PDUs from different MAC-d flows are not allowed in a single TTI.

Overhead size (bits):
· 2 + 6 + 4 = 12
Information over out-of-band signalling: 

· RLC PDU size

· MAC-e PDU size

Option 6
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Assumption:

· Logical channels are multiplexed into the same E-DCH transport channel. RLC PDUs from different logical channels are allowed in a single TTI, but they are of a same size. 

· MAC-d flow multiplexing is allowed, but RLC PDUs from different MAC-d flows are not allowed in a single TTI.

Overhead size (bits):
· 2 + 6 + 4 x J = 8 + 4 x J, where J is the number of RLC PDU

Information over out-of-band signalling: 

· RLC PDU size

· MAC-e PDU size

Option 7 : HSDPA
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 Assumption: 

· Logical channels are multiplexed into the same E-DCH transport channel. RLC PDUs from different logical channels are allowed in a single TTI, and their sizes can be different. 

· MAC-d flow multiplexing is allowed, but RLC PDUs from different MAC-d flow are not allowed in a single TTI.

Overhead size (bits):

· 2 + 6 + 11 x K + 4 x J = 8 + 11 x K + 4 x J, where J is the number of RLC PDU, and K is the number of set of consecutive RLC PDUs with equal size
Information over out-of-band signalling: 

· MAC-e PDU size

Option 8
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 Assumption: 

· Logical channels are multiplexed into the same E-DCH transport channel. RLC PDUs from different logical channels are allowed in a single TTI, but they are of a same size. 

· MAC-d flow multiplexing is allowed, and RLC PDUs from different MAC-d flow are allowed in a single TTI.

Overhead size (bits):

· 6 + (2 + 4) x J = 6 + 6 x J, where J is the number of RLC PDU

Information over out-of-band signalling: 

· RLC PDU size

· MAC-e PDU size

Option 9
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 Assumption:

· Logical channels are multiplexed into the same E-DCH transport channel. RLC PDUs from different logical channels are allowed in a single TTI, and their sizes can be different. 

· MAC-d flow multiplexing is allowed, and RLC PDUs from different MAC-d flow are allowed in a single TTI.

Overhead size (bits):

· 6 + 11 x K + (2 + 4) x J = 6 + 11 x K + 6 x J, where J is the number of RLC PDU, and K is the number of set of consecutive RLC PDUs with equal size
Information over out-of-band signalling: 

· MAC-e PDU size
4 Overhead evaluation
As can be seen above, the more flexibility we allow the more overhead we need. There is always a trade-off between multiplexing flexibility and PDU overhead. Therefore, we think the overhead should be considered in deciding multiplexing option and further in designing MAC architecture.
Among those fields, we think the overhead come from TSN is negligible. Since the size is fixed and small (6bits in HS-DSCH case) for a single MAC-e PDU, it does not much degrade the throughput. But, for further optimization, we could remove this field by performing reordering in RLC. In this case, the RLC SN could be used instead of TSN.
The size of SSI field depends on how many logical channels with different RLC PDU sizes are multiplexed into a single MAC-e PDU. In typical case, 2 or 3 groups of different RLC PDU sizes are expected to be carried by a MAC-e PDU, so that it would take 22 to 33 bits. Though this value seems to be allowable, different RLC PDU sizes would cause “Padding” in MAC PDU, so that another redundancy is required. If only RLC PDUs of a same size are allowed, “Padding” could be avoided by a suitable TFC selection. In the meantime, we could also remove SSI field by not allowing the different RLC PDU sizes in a MAC-e PDU. In this case, however, it may be needed to inform the RLC PDU size to the receiver through out-of-band signalling.
The overhead come from the MID and C/T fields could be very high, if RLC PDUs from different MAC-d flows and different logical channels are allowed in a MAC-e PDU. In HS-DSCH, the maximum number of PDUs transmitted in a single TTI is assumed to be 70. Then, by taking example in option 8 or 9, the total bits wasted by these fields are 6 x 70 = 420bits, which has a serious impact on the throughput.
In a realistic scenario, we could reduce the overhead of MID by not allowing RLC PDUs from different MAC-d flows in a single MAC-e PDU. This is also the case in HS-DSCH, where only one QID (3bits) field is attached to a MAC-e PDU. We could even remove this field at all by not allowing MAD-d flow multiplexing for E-DCH.
C/T field is in a different situation than MID field. Multiplexing gain achieved by logical channel multiplexing is quite important, and it may not be traded-off with the overhead. Nevertheless, it may be needed to consider further optimization of C/T field without harming to logical channel multiplexing.
5 Conclusion
In this paper, we have shown that various kinds of overhead result from different multiplexing options and restrictions imposed to them. Therefore, we propose to consider overhead issue in deciding multiplexing options and MAC architecture. Also, we propose to decide the following points to facilitate the future work on E-DCH.
· Reordering position : MAC or RLC, Node B or RNC
· Whether to allow different RLC PDU sizes in a single MAC-e PDU

· Whether to allow logical channel multiplexing

· If allowed, whether to allow RLC PDUs from different logical channels in a single MAC-e PDU
· Whether to allow MAC-d flow multiplexing

· If allowed, whether to allow RLC PDUs from different MAC-d flows in a single MAC-e PDU
· Possibility to MAC header optimization
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