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1 Introduction

It has been agreed that the base RLC protocol header should be byte-aligned and that the extension headers should be byte-aligned as well. Taking these decisions into account, this contribution provides proposals for the RLC AMD PDU header design and the lengths for the respective header fields.
In addition it proposes a generic length indicator optimization for small SDUs, i.e., this optimization is targeting not only VoIP.

Finally, it argues that piggybacking of status information should not be supported.

2 RLC PDU header structure

Our view on the RLC PDU header structure is depicted in Figure 1.
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Figure 1: RLC PDU header with and without length indicators

With the chosen numerology, 4 1-bit fields, 1 2-bit field and a 10 bit SN, we obtain a compact byte-aligned base header for the single SDU case. Although the order of the fields in the base header is somewhat arbitrary, some fields should occur at certain locations. The D/C field should come first to distinguish between data and control PDUs. This allows eliminating those fields that are not required in a status PDU, i.e. P, RF, SN and SI. Instead, other header fields might be needed in control PDUs like a type field.
For logical reasons the E bit should be put at the end. All other fields can be ordered in any order. However, since a decision is required, we propose to keep the order shown in Figure 1.

As agreed before, we are using a Length Indicator field size of 11 bits. This supports SDU sizes up to 2047 bytes, i.e., large TCP segments can be handled. In case of concatenation, LI and the additional E bit introduce another 12 bits for each additional SDU.

Our baseline proposal is to use padding bits at the shown location. 4 bits of padding are needed to obtain a byte-aligned header for 2 RLC SDUs (or any other even number of SDUs). This approach has the advantage that if 3 SDUs (or any other uneven number larger than 1) are included in the PDU the proposal provides a byte-aligned RLC PDU header without any padding.  
If resegmentation is required, our proposal for the header structure is shown in Figure 2. This proposal corresponds to resegmentation option 3 as agreed in the recent RLC conference call. 
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Figure 2: RLC Resegmentation Header

If the RF field indicates the presence of a resegmentation offset field (SO) and LSF field, the combination of these two is inserted after the first extension flag. According to the conference call agreement we use here 15 bits for the SO filed size.
If LIs are needed they are appended in a similar manner as described before and shown in Figure 2.

3 RLC PDU header optimization

In contrast to many other views expressed so far, we are not in favour of header optimizations for VoIP only. First, there exist other applications that frequently send small IP packets, e.g., TCP ACKs and other TCP control messages (e.g., SYN), gaming, and other control messages in general. Second, there might evolve other applications with characteristics like VoIP for those the highly optimized solutions for VoIP just don’t fit. If optimizations are required for such services, this would lead to additional standardization, implementation and testing effort that is clearly undesirable. Therefore, we think that as much as possible, generic optimization methods should be used to minimize the header overhead. Such optimizations should not be tied to specific services. 

We propose a length indicator optimization for the RLC header as already described in ‎[2]. According to the described mechanism, both the transmitter and the receiver determine the size of the Length Indicator based on the actual size of the RLC PDU. 

Due to the requirement that the RLC header must be byte-aligned it is possible to limit the granularity of supported Length Indicator sizes to two formats. Looking at the numerology of the RLC PDU header, as shown in Figure 2, a suitable length for the short LI is 7 bits, which supports RLC PDUs up to 128 byte (excluding RLC header). For larger RLC PDUs the 11 bit Length Indicator could be used. Which size for the LI is used is determined based on the RLC PDU size that is known from parsing the MAC header.
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Figure 3: RLC PDU header with Length Indicator Optimization (on the right side)
This optimization gives a 1 byte gain for 2 and 3 concatenated RLC SDUs compared to the baseline LI field size of 11 bits. The optimization would apply for all RLC PDUs that are smaller than 128 bytes. Thus it could cope with two or three compressed VoIP packets of 33 bytes, 3 not compressed TCP control messages (ACK, SYN, …) and many more compressed TCP ACKs. Note that TCP ACK bundling is a very common phenomena if link layer retransmissions occur. The L2 in-sequence delivery function leads to bundling of TCP segments that are delivered in a burst to the TCP receiver. That receiver in turn creates bursts of TCP ACKs. Therefore, we think that the proposed mechanism is in particular well suited for TCP traffic.

It is expected that the generic nature of the proposed optimization ensures that it can be applied to many other small data (e.g., gaming) and control messages (e.g., RRC, NAS, SIP, …) as well.

The length indicator optimization can be applied for RLC PDUs and RLC PDU segments.

4 Status Piggybacking

Another open issue for the RLC PDU design is whether Status Piggybacking is supported or not. 

Standalone Status PDUs are assumed to be the reporting mechanism for status information.

We believe that piggybacking of status information should not be supported because RLC supports variable RLC PDU sizes. If there is still space to transmit more data in the transport block, rather new data from another queue should be sent than piggybacked status information.

We think that the additional complexity to introduce piggybacking as a second status reporting mechanism in addition to standalone status PDUs is not justified by significant gains.
5 Conclusions

We propose the following for the baseline RLC header:

· D/C field size: 1 bit

· SN field size: 10 bits

· Byte-aligned base header consisting of D/C, SN, P, RF, SI and E fields (16 bits in total)

· The order of the header fields as shown in Figure 1.

We propose the following for the length indicator extension header:

· LI field size: 11 bits

· padding of 4 bits if number of SDUs in the RLC PDU is even

· Byte-aligned length indicator extension header if number of SDUs in the RLC PDU is odd and larger than 2

We propose the following for the resegmentation extension header:

· SO field size: 15 bits

· RF field size: 1 bit

· Byte-aligned resegmentation extension header 

· The resegmentation header should be inserted after the first extension bit.

In addition to these baseline agreements, we propose to consider the length indicator optimization for small RLC PDUs as discussed above. We propose to use a 7 bit length indicator for RLC PDUs smaller or equal to 128 bytes.

We propose to not support Piggybacking of status information.
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D/C: 	1 bit, Type Flag for Data or Control,


SN:	10 bit, Sequence Number


P:	1 bit, Poll bit


RF:	1 bit, Resegm. Flag, Resegm. Offset follows


SI: 	2 bit, Segmentation Info


E: 	1 bit, Extension bit, LI follows
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