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1 Introduction

In the previous RAN2 meetings the issue of byte alignment for Layer 2 protocols in LTE was discussed. It was argued in [1] and other contributions that all Layer 2 protocols (PDCP, RLC, MAC) should be byte aligned in order to reduce the processing requirements involved in shifting the payload to a byte aligned position. In this paper we further discuss the issue of byte alignment and propose a way forward.In particular we propose to perform byte-alignment on the entire RLC/MAC header structure and not on the individual parts. This requires to locate all MAC and RLC headers in the beginning of the MAC PDU (transport block) but reduces the header overhead and simplifies header parsing in the receiver.

2 Discussion

If the layer 2 headers are not byte aligned the payload must be shifted by one to seven bit both upon creation of the data unit as well as upon reception. Obviously, this consumes a lot of processing power and may increase processing delays. We therefore agree that bit-shifting of the Layer 2 payload should be avoided.
It was proposed in ‎[1] to make the individual PDCP, RLC and MAC headers byte aligned and thereby ensure that no bit-shifting is required This however implies that the header on each protocol layer will become unnecessarily large, either by applying padding to achieve byte alignment or by extending the length of selected header fields above the necessary length. Since the header size in both RLC and MAC are likely to be flexible depending on the content of the transport block (use of segmentation, concatenation, number of radio bearers) a byte alignment also requires that all possible header extensions accumulate to a size that is an integer number of bytes.

If we consider the RLC and MAC headers it should be noted that it is sufficient if the total RLC+MAC header is byte aligned to avoid that the payload needs to be shifted. We therefore propose not to make the individual RLC or MAC headers byte aligned, and to allow header extensions to have a size of a non-integer number of bytes.

Instead the byte alignment is done once in MAC to assure that the total RLC and MAC header (including the header padding) is byte aligned. This results in lower padding overhead than making both RLC and MAC headers byte aligned. As an example, consider RLC and MAC headers of 20 bits (2.5 bytes) each. If byte alignment on each layer is used, a half byte of padding on each layer is added, resulting in one byte unnecessary padding
. However, the total MAC+ RLC header is already byte aligned so no padding is actually needed in this case. 

With this approach the RLC header may start at any position while the RLC payload is still byte aligned and therefore easy to process. Note that bit-shifting inside the RLC and MAC header can not be avoided. However, the computational complexity for this operation is negligible as the entire header fits in one or at most two 32 bit words.

It is important to note that both MAC and RLC headers must be located in the beginning of the transport block. The RLC payload(s) follows then after byte alignment. This approach requires that the MAC receiver can extract the contained RLC headers and thereby determine the position of the first payload byte. As MAC and RLC terminate anyway in the same node, we don’t expect this to be a problem.
Note: To avoid that the payload needs to be shifted when submitted from RLC to MAC some care has to be taken in the interaction between the layers. For example, RLC can first make the RLC header byte aligned when submitting the RLC PDU to MAC and MAC can then remove the added RLC header padding bits before appending the MAC header. However, these aspects would be implementation dependent and would not need to be specified.

It is also possible to extend the reasoning also to PDCP such that only the sum of the PDCP, RLC and MAC headers need to be byte aligned.  
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Figure 1: Illustration of byte alignment on each layer (top) and 
byte alignment of the total RLC+MAC header (bottom)
3 Conclusion

We propose to adopt byte alignment of the total MAC and RLC header such that the payload starts in a byte aligned position but the individual MAC and RLC headers do not need to be byte aligned. This is proposed to be handled by a general rule that adds 0 to 7 bits padding to the MAC header.

It is proposed to discuss the feasibility of the solution also for PDCP such that the sum of the PDCP, RLC and MAC headers are byte aligned.
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� Instead of adding header padding an alternative is to set the size of the header fields such that each header (MAC, RLC, PDCP with and without extensions) is always byte aligned. Setting the header fields larger than necessary however also implies unnecessary overhead.
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