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1.	Introduction
At the RAN2#95bis meeting, there was a big discussion on RLC concatenation, but no decision was made. Though there was no decision, it is expected that RLC concatenation will be decided to be removed at the RAN2#96 meeting, because majority companies support it.
With this expectation, the concatenation would only be performed in MAC layer as a way of multiplexing. In this document, we present our view on MAC header construction assuming that concatenation is only performed in MAC layer.

2.	MAC header options
In [1], based on the latest agreements made in RAN2, we have shown that an RLC PDU is composed of an RLC header and an RLC SDU (segment), and each segment of an RLC SDU is associated with the same RLC SN as the original RLC SDU, as shown in Figure 1.


Figure1: RLC SDU and RLC PDU
With the above RLC PDUs, there may be various options in MAC multiplexing. The MAC header structure depends on how the multiplexing is performed. Though there may be various options, we think the following three options are most likely options among them.
· Option1: MAC SDU = RLC PDU, and MAC header placed in front of each MAC SDU
· Option2: MAC SDU = RLC PDUs from a logical channel, MAC header placed in front of each MAC SDU
· Option3: MAC SDU = RLC PDUs from a logical channel, MAC header placed in front of MAC PDU
Each option is explained in detail below.

Option1: MAC SDU = RLC PDU, MAC header placed in front of each MAC SDU


In this option, a MAC SDU is same as an RLC PDU, and a MAC header is attached to each MAC SDU. The MAC header includes LCID and L fields, where the LCID field identifies the logical channel to which the MAC SDU belongs, and the L field indicates the length of the MAC SDU. 
Note that the LCID and L fields are attached to each MAC SDU even if multiple MAC SDUs are received from a single logical channel. As the same LCID field is redundantly included, increased header overhead is the main drawback of this option.
The benefit of this option is that as each MAC header + MAC SDU is independent of other MAC header + MAC SDU, it is possible to deliver each MAC header + MAC SDU to the physical layer separately, and thus the transmission process can be accelerated.

Option2: MAC SDU = RLC PDUs from a logical channel, MAC header placed in front of each MAC SDU


In this option, all RLC PDUs received from a logical channel are mapped to a MAC SDU together with the corresponding L field. In other words, one MAC SDU can contain one or more RLC PDUs from a logical channel, and only one MAC SDU is generated from a logical channel.
A MAC header is attached to each MAC SDU, and placed in front of the MAC SDU. The MAC header includes LCID and Lt fields, where the LCID field identifies the logical channel to which the MAC SDU belongs, and the Lt field indicates the length of the MAC SDU.
The benefit of this option is reduced header overhead by attaching only one LCID field for multiple number of RLC PDUs. The benefit becomes large if large number of RLC PDUs are mapped to a MAC SDU.
On the other hand, if only a small number of RLC PDUs are mapped to a MAC SDU, the benefit disappears due to the inclusion of another length field, Lt. Considering the typical size, LCID=1byte, Lt=2bytes, and L=2bytes, the benefit of this option can be seen when more than four RLC PDUs are mapped to a MAC SDU. If only one or two RLC PDUs are mapped to a MAC SDU, this option incurs more header overhead than option 1. 
To reduce header overhead, an optimization method such as removal of last L field may be considered, similar to LTE. However, if this optimization is applied, the header size becomes variable, and the MAC PDU construction process becomes complex. 

Option3: MAC SDU = RLC PDUs from a logical channel, MAC header placed in front of MAC PDU


This option is similar to option 2 except that all MAC headers are gathered together in front of the MAC PDU similar to LTE. There are many drawbacks with this option:
· MAC PDU construction is complex due to the varying size of header fields.
· MAC PDU should be delivered to physical layer as a whole. Partial delivery is not allowed.
The benefit of this option may be early detection of wrong LCID value in the receiver side. However, this benefit is very tiny compared with drawbacks.
We think the reason for having all MAC headers in the front of the PDU is just following the old convention that header is “Head of the PDU” and should be placed in front of the PDU. This convention is firmly established from the beginning of LTE (or UMTS) without showing any clear gain. 

3.	Comparison between MAC header options
The following table summarizes the comparison between three options.
	
	Option1
MAC SDU = RLC PDU, MAC header placed in front of each MAC SDU
	Option2
MAC SDU = RLC PDUs from a logical channel, MAC header placed in front of each MAC SDU
	Option3
MAC SDU = RLC PDUs from a logical channel, MAC header placed in front of MAC PDU

	MAC PDU construction complexity
	Low 
	Moderate 
	High 

	MAC PDU header overhead for large number (>4) of RLC PDUs
	Bad 
	Good 
	Good 

	MAC PDU header overhead for small number (<4) of RLC PDUs
	Good 
	Bad 
	Bad 

	TX Processing Speed
	High 
	Medium 
	Low 

	RX Processing Speed
	High 
	Medium 
	Low 



Based on the comparison, we think option 1 is the best option for MAC header construction. Thus, we propose:
Proposal1: A MAC SDU consists of an RLC PDU.
Proposal2: A MAC header is attached to each MAC SDU and placed in front of the MAC SDU.

4.	Proposal
In this document, we explained three options for MAC PDU construction assuming that RLC concatenation is removed. Based on our findings, we propose followings:
Proposal1: A MAC SDU consists of an RLC PDU.
Proposal2: A MAC header is attached to each MAC SDU and placed in front of the MAC SDU.
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