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1 Introduction

The RLC UMD PDU header has not been discussed much, yet. This contribution expresses our views on the UMD PDU header design and contains a few proposals.

2 Baseline RLC PDU header structure

We favor an approach were the RLC UMD PDU header is designed independently of the RLC AMD PDU header.

From a protocol functionality perspective, the UMD PDU has to include the following fields ‎[1]:

· a SN field to allow for re-ordering at the receiver, 

· an extension flag to indicate following length indicators

· an SI field 

From an overhead perspective it would be beneficial if the RLC UM header would have a size of only 1 byte. Given that the SI field and the E bit together consume 3 bits, there would be 5 bits remaining that can be used for the SN field. In this case, the header looks like as shown in Figure 1 for SN size 5 bit. 
A 5 bit SN corresponds to a SN space of only 32. We think that a general purpose header for UM has to allow for larger re-ordering window sizes and that an effective window of 16 PDUs (half of the SN space) is not sufficient. We agree that for certain applications, it might be worthwhile to use such a format, however as a general purpose configuration, a 5 bit SN is too small.
Therefore we prefer a SN field size of 9 bits as shown in Figure 1. This choice has the disadvantage that two bytes are needed in case the PDU contains a single SDU. Four padding bits are inserted at the end of the base header to achieve byte-alignment for the single SDU case.

An issue arises if we consider the concatenation scenario. In this case a length indicator field needs to be inserted. There exist two options:

1. The base header is byte-aligned itself. This implies that the four padding bits are wasted and an LI of 11 bits and the corresponding E field require in total another two bytes, resulting in a 4 byte RLC header for 2 RLC SDUs.

2. The 4 spare bits in the base header can be used for the LI field. This results in a 3 byte RLC header for 2 RLC SDUs as shown in Figure 1.

We think that the second option minimizes the overhead and that this gain is preferred over the marginally reduced processing complexity of a byte-aligned base header (option 1).

Proposal 1: The spare bits in the RLC UMD PDU base header can be used for the LI field in case of concatenation. 

A SN filed size of 9 bits and a SN space of 512 allows for a sufficiently large re-ordering window for UM purposes since ARQ retransmissions do not need to be considered. Even in the very optimistic case that every TTI would be used for a new RLC PDU transmission, the window covers more than 250 ms.
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Figure 1: RLC UMD PDU header with and without length indicators

3 Optimized RLC UMD PDU Header

Two fields of the RLC UMD PDU header have potential for optimization: the SN field and the LI field. 
Optimising the SN Field: The requirements on the SN field are set by the traffic pattern of the flows mapped to a certain bearer. As discussed in the previous section, due to header byte-alignment, a SN field size of 5 bits seems to be a natural choice for bearers with up to 16 RLC PDU transmissions on-going at the same time. We believe that VoIP with packet interarrival times of 20 ms provides a traffic pattern that restricts the number of on-going PDU transmissions to less than 16, at least under non-pathological conditions. For such bearers it should be possible to use a smaller SN field size.
Proposal 2: The SN field can be configured per RLC UMD bearer to be either 5 or 9 bits.

Optimising the LI Field: The required LI field size depends on the traffic that a certain bearer carries. For example, for VoIP traffic small SDUs can be expected. As also discussed in ‎[3], to optimize the LI field size, MAC header information can be exploited. If the MAC length field indicates a small RLC PDU size, the LI field size can be adapted accordingly. Since the byte-alignment condition needs to be fulfilled, in particular a 7 bit LI field size is a preferable size, since with an additional E bit, the byte-alignment property is kept. To be precise: If the MAC length field for a certain RLC PDU signals a length of 128 bytes or less, the optimized LI format of 7 bits is used.
Proposal 3: If the MAC length field corresponding to a certain RLC UMD PDU signals a size of 128 bytes or less, a 7 bit LI is used.

Figure 2 shows the optimized RLC headers for a certain number of RLC SDUs. On the left only the optimized SN is used while on the right the optimized LI is applied as well.
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Figure 2: Optimized RLC UMD PDU headers
Obviously, the two optimizations can be applied independently. The SN optimization needs to be configured, while the LI optimization can be used per individual PDU, since the corresponding MAC length field determines whether the LI optimization is applied or not.
4 Conclusions

We propose the following for the base RLC header:

· SN Field size: 9 bits

· SI field size: 2 bits

· E field size: 1 bit

· 4 bits of padding.

We propose the following for the RLC framing header:

· LI field size: 11 bits

· E field size: 1 bit

Proposal 1: The spare bits in the RLC UMD PDU base header can be used for the LI field in case of concatenation. 

Proposal 2: The SN field can be configured per RLC UMD bearer to be either 5 or 9 bits.

Proposal 3: If the MAC length field corresponding to a certain RLC UMD PDU signals a size of 128 bytes or less, a 7 bit LI is used.
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SN:	Sequence Number


SI: 	2 bit, Segmentation Info


E: 	1 bit, Extension bit, LI follows


LI:	11 bits
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