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1. Introduction

It is important to establish whether byte-alignment is necessary for LTE RLC and MAC headers, especially for RLC PDU headers, since byte-alignment can reduce the efficiency and increase the overhead of the RLC and MAC framing protocols. 
2. Discussion

As discussed in [2][3]
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[4], we believe that due to the increased UE processing requirements resulting from LTE data rates, PDU header structures should be byte aligned. It has already been realized that UE implementation for HSUPA & HSDPA operation is significantly more complex due to data moving and bit shifting requirements. The increased data rates make this an even more significant issue for LTE. 

The drivers for necessitating that packets (and consequently packet headers) should be byte-aligned is when packet processing between functional entities (i.e. PDCP, RLC & MAC processing) is independently RTOS scheduled. Due to the processing overhead and complexity of implementing the operations to extract the header and the payload from the packet if the packet header is not byte-aligned (e.g. refer to [2]), packet headers can be designed to be byte-aligned in order to lower the implementation’s complexity at the expense of sub-optimal/additional signaling overhead.
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Figure 1: User plane protocol stack and functional split among RAN nodes
We certainly agree with [2][3]
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[4], that the need to do bit-shifting in any of the LTE PDCP, RLC or MAC layers (Figure 1) should be avoided.
For example, PDCP PDU headers should be byte-aligned since processing of PDCP PDU’s needs to be performed independently of RLC and MAC processing in the eNB.

On the other hand, it has been agreed in [1], section 6.2, to perform segmentation and concatenation of RLC SDU’s according to the TB size of a selected TFC. TFC selection, specifically TB size determination, is performed before RLC PDU generation in order to optimize RLC SDU (PDCP/RRC PDU) multiplexing (i.e. eNB segmentation and concatenation). Therefore RLC and MAC operation on a TTI basis are coordinated. In order for this TTI based processing to operate efficiently the number of times RTOS scheduling is performed needs to be minimized. Optimally the RLC & MAC operation will only require one scheduling event per TTI.
If the overall MAC+RLC header is byte-aligned, the receiver’s MAC and RLC layers may also jointly process the received MAC PDUs without having to perform bit-shifting on the packet’s payload even if the RLC header is not byte-aligned. Hence, low processing/complexity implementations are achievable on transmission and reception without requiring the RLC PDU headers to be byte-aligned. 

Since coordinated RLC & MAC processing is possible and offers software design benefits, it is proposed that byte aligned RLC PDU’s are not required for MAC processing. Each TTI upon TFC determination RLC SDU’s can be processed by RLC and MAC to generate the TB within one RTOS scheduling event.

Not requiring byte aligned RLC headers will clearly offer reduced signalling overhead and flexibility in designing RLC header formats. We also have to consider “most IP packets are small”. Therefore most of the time, we are multiplexing one or more RLC PDU’s into an MAC PDU in one TTI. This further increases the inefficiency of byte aligned RLC PDU’s as the overhead multiplies, since the overhead resulting from requiring RLC PDU headers to be individually byte-aligned can be significantly higher than the overhead resulting from requiring the overall MAC+RLC header of the MAC PDU to be byte-aligned. 
Therefore, similar to the conclusion in [3], for the RLC and MAC layers we think that the overall RLC+MAC header should be made byte-aligned, while the RLC header fields should be designed as efficiently as possible. Hence, the RLC PDU header does not have to be byte-aligned. This is because in LTE, the RLC and MAC layers will always reside in the same nodes (Figure 1) and the RLC and MAC processing can be jointly implemented or tightly coordinated due to the tight coupling between the MAC and RLC functions. 
3. Conclusion 
Due to the tight interaction and coordination between the functions of the MAC and RLC layers, it is possible to achieve low complexity (i.e. avoid data moving and bit-shifting) by having the MAC and RLC jointly process received packets whose overall RLC+MAC header is byte-aligned, and to still achieve maximum efficiency by avoiding the need for the individual RLC PDU headers to be byte-aligned.

It is therefore proposed to have byte aligned PDCP header, and byte aligned ‘combined’ RLC & MAC headers. Further it is proposed RLC headers are NOT required to be byte aligned, to optimize signaling efficiency. 

4. Text Proposal 

It is proposed to capture the following text proposal in [1]: 
--- Start of Text Proposal ---

6.1
MAC Sublayer

6.1.4
    PDU Structure

     -  The MAC PDU header (i.e. overall RLC+MAC header) is byte-aligned.
--- Next modified section ---

6.2
RLC Sublayer

6.2.2 PDU Structure

Figure 6.2.2 below depicts the RLC PDU structure where:
-
The PDU sequence number carried by the RLC header is independent of the SDU sequence number (i.e. PDCP sequence number);

-
A red dotted line indicates the occurrence of segmentation;

-
Because segmentation only occurs when needed and concatenation is done in sequence, the content of an RLC PDU can generally be described by the following relations: 
-
{0; 1} last segment of SDUi + [0; n] complete SDUs + {0; 1} first segment of SDUi+n+1 ; or

-
1 segment of SDUi .
-
It is not necessary or required for the RLC PDU header to be byte-aligned.
--- End of Text Proposal ---
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