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1 Introduction

In LTE, it is expected that control messages will be supported in MAC layer. The control message is used to exchange information between peer MAC entities. Hence, a MAC PDU may include MAC data SDU(s), MAC control SDU(s), and padding (optional). In order to support this feature, there must be a mechanism to make the receiver parse the MAC PDU correctly.
In this proposal, we focus on the mechanism to differentiate data SDU(s) and control SDU(s). We propose three different potential mechanisms to achieve this purpose. Details for complete MAC PDU header are not described here.
2 Discussion

In this chapter, we propose three different mechanisms that can successfully differentiate the type of SDUs in different kinds of MAC PDU, such as:

· Data SDU(s) + control SDU(s) + padding (opt.)

· Data SDU(s) + padding (opt.)

· Control SDU(s) + padding (opt.)

2.1 Mechanism 1

The first field of MAC PDU header is a 1-bit field called C (control SDU only).

· C = 1, payload of the MAC PDU only contains control SDU(s) and padding (opt.) (e.g. figure 1).

· C = 0, payload of the MAC PDU contains one or multiple data SDUs, zero, one or more control SDUs, and padding (opt.).
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Figure 1: A MAC PDU only contains a control SDU
Then, there is a field of the MAC data SDU header called F. It is used to indicate if there is one more SDU header (e.g. data SDU header or control SDU header) or no more header field.
· F = 1, there is another data SDU header after current data SDU header.

· F = 01, there is a control SDU header after current data SDU header (e.g. figure 2).

· F = 00, there is no more header field (e.g. figure 3).
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Figure 2: A MAC PDU contains data SDUs and one control SDU
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Figure 3: A MAC PDU only contains data SDUs

Note1: F is not restricted to be the last field of a data SDU header.

2.2 Mechanism 2

There is a field F that is similar to the F in mechanism 1 and the difference is F must be the first field of the MAC data SDU header.

· F = 1, there is another data SDU header after current data SDU header.

· F = 00, there is no more header field after current data SDU header (e.g. figure 4).
(If F= 00 is the first field of MAC PDU, there is only one data SDU and padding (opt.) in the MAC PDU.)

· F = 01 & it is not the first field of MAC PDU header, there is a control SDU header after current data SDU header (e.g. figure 5).

· F = 01 & it is the first field of MAC PDU header, receiver should read one more field called D (data SDU exists). (In order to cover the case that the MAC PDU contains only control SDU header.)

· D=1, one data SDU header and the following is the control SDU header (e.g. figure 6).

· D=0, no data SDU header and the following is the control SDU header (e.g. figure 7).
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Figure 4: A MAC PDU only contains data SDUs
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Figure 5: A MAC PDU contains data SDUs and one control SDU
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Figure 6: A MAC PDU contains one data SDU and one control SDU
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Figure 7: A MAC PDU only contains one control SDU

Note2: In both mechanism 1 & 2, there can be more than one control SDU header (if necessary) inside a MAC PDU.

2.3 Mechanism 3

The first field of MAC PDU header is a 1-bit field called D/C (data SDU only / control SDU exists) which is used to indicate whether the MAC PDU includes control SDU(s) or not.

· D/C = 1, payload of the MAC PDU only contains one or multiple data SDUs and padding (opt.) and there is no control SDU in the MAC PDU (e.g. figure 8).

· D/C = 0, payload of the MAC PDU contains one control SDU, zero, one or more data SDUs, and padding (opt.) (e.g. figure 9 & 10).

Then, both data SDU header and control SDU header should include a field F:

· F = 1, there is one more data SDU header after current SDU header.
· F = 0, there is no more header field after current SDU header.
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Figure 8: A MAC PDU only contains data SDUs
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 Figure 9: A MAC PDU contains data SDUs and one control SDU
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Figure 10: A MAC PDU only contains one control SDU

Note3: this mechanism is applicable when the MAC PDU contains only one control SDU and the control SDU header should be in front of all data SDU headers.

Note4: F is not restricted to be the last of a SDU header.
2.4 Evaluation

In this section, we propose other two straightforward mechanisms for comparison purpose.

· Special logical channel ID

Logical channel ID field is used to indicate which logical channel the data SDU belongs to. When receiver reads a logical channel ID field with predefined value, he knows it is a control SDU indicator.

· 1-bit data or control SDU indicator

There is a 1-bit field included in both data SDU header and control SDU header. This bit is used to indicate the corresponding SDU is a data SDU or a control SDU.

Then, we calculate how many additional bits these differentiation mechanisms need in four different cases of MAC PDU:

· Case A: data SDUs + control SDU(s) + padding (opt.)

· Case B: one data SDU + control SDU(s) + padding (opt.)

· Case C: data SDU(s) + padding (opt.)

· Case D: control SDU(s) + padding (opt.)

The results are presented in table 1 below. (Additional bits / per MAC PDU)

	
	Mechanism 1
	Mechanism 2
	Mechanism 3
	Special logical channel ID
	1-bit data or control SDU indicator

	A
	2 bits (C & F1)
	1 bit (F1)
	1 bit (D/C)
	Size of logical channel ID * number of control SDUs
	Number of SDUs

	B
	2 bits (C & F1)
	2 bits (F1 & D)
	1 bit (D/C)
	Size of logical channel ID * number of control SDUs
	Number of SDUs

	C
	2 bits (C & F1)
	1 bit (F1)
	1 bit (D/C)
	0 bit
	Number of SDUs

	D
	1 bit (C)
	3 bits (F2 & D)
	1 bit (D/C)
	Size of logical channel ID * number of control SDUs
	Number of SDUs

	1 one additional bit is required for F.

2 two additional bits are required for F.


Table 1: Additional bits needed for differentiation mechanisms

It can be obviously seen that mechanism 3 is the best one because it is simple and only use 1 additional bit for each case. Although special logical channel ID mechanism uses fewest additional bits in case C, it needs more bits in case A, B, and D.

3 Conclusion

In this proposal, we propose three possible differentiation mechanisms to differentiate a SDU is a data SDU or a control SDU. For simplicity and least overhead, mechanism 3 is the best choice if a MAC PDU contains at most one control SDU. Is it possible that a MAC PDU contains more than one control SDU?

If there could be more than one control SDU inside a MAC PDU, then mechanism 1 or 2 will be more proper. The decision for which mechanism (1 and 2) is better should depend on how often control messages will be sent and those control messages are sent alone or with other data SDU(s).
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