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1 Introduction

The current draft of the RLC specification ‎[12] and ‎[13] summarize nicely the agreements on the RLC Header Structure for LTE and the remaining open issues respectively. 

In this document we compare the various proposals on RLC PDU header formats submitted to the RAN2#58 meeting and identify commonalities and differences. Based on this analysis we propose a way forward and hope that the findings can serve as input to the RLC specification. 
2 Analysis and Discussion
According to ‎[12] four different RLC Data PDU types have been identified: Acknowledged Mode PDU, Acknowledged Mode PDU Segment, Unacknowledged Mode PDU, and Transparent Mode PDU. By definition, Transparent Mode PDUs don’t have a header and are therefore not further discussed in this document. Furthermore, the majority of header elements is needed for both AM and UM but some fields culd be omitted for UM.
According to ‎[12] “an AMD PDU consists of a Data field to which the RLC SDU is mapped to, and an AMD PDU header. Furthermore, an AMD PDU header consists of a fixed part (fields that are present for every AMD PDU) and an extension part (fields that are present for an AMD PDU when necessary). The fixed part of the AMD PDU header consists of a Sequence Number (SN) and an Extension bit (E). The extension part of the AMD PDU header consists of a Length Indicator (LI) and an Extension bit (E)”.

This is in accordance with the corresponding contributions ‎[6], ‎[7], ‎[8], ‎[9], ‎[10] and ‎[11] to the RAN2#58 meeting. 

It has however not yet been agreed, if the RLC sequence number should be dependent on the PDCP sequence number or not. We think that reusing the PDCP sequence number could slightly reduce the overhead but causes obviously some interconnection among the protocol layers. As the majority of companies (‎[6], ‎[7], ‎[8], ‎[9], ‎[10] and ‎[11]) seem to be in favor of independent sequence numbers we would be happy to agree on this approach. 
Proposal 1: The RLC PDU Sequence Number is independent from the PDCP SN.

As a consequence, at most one new RLC PDU is transmitted per Radio Bearer and Transmit Time Interval for the Non-MIMO case. Consequently, the RLC Sequence Number space can be small and does not depend on the data rate. For single-user MIMO up to two separate transport blocks may be sent over the radio interface. MAC handles them in two separate HARQ processes and generates separate MAC PDUs. In order to reassemble the contained data at RLC, two separate RLC PDUs need to be created so that up to two RLC sequence numbers are needed per TTI. ‎[6]

 REF _Ref169336936 \r \h 
‎[7] and ‎[10] suggested a 10 bit sequence number which would provide a sequence number space of 1024 so that up to 511 PDUs can be in flight without a risk of ambiguity. If at most two PDUs are generated per TTI, this corresponds to at least 255 TTIs which is definitely sufficient for HARQ and RLC retransmissions. 
Proposal 2: The RLC sequence number for AMD PDUs is 10 bit.

The size of the sequence number may be different for UM.
According to ‎[12] the Extension Flag indicates if Length Indicator follow after the static part of the header, i.e., if another SDU or segment thereof is contained in the PDU. ‎[7]
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 \* MERGEFORMAT ‎[8]
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 \* MERGEFORMAT ‎[9], ‎[10] and ‎[11] agree that the Length Indicator specifies the length of the corresponding RLC SDU and thereby identifies the position of the first byte of the following RLC SDU within the RLC PDU. Note that no Length Indicator is required if the RLC PDU contains only one RLC SDU or a segment thereof. In other words, the number of Length Indicators is equal to the number of contained RLC SDUs (or segments thereof) minus one (N-1). The position of the last byte of the last contained RLC SDU is identified by the Length Field in the MAC header (see ‎[2]). 
Proposal 3: The Length Indicator specifies the length of the corresponding RLC SDU or segment thereof. 

Proposal 4: A Length Indicator is added for all but the last embedded RLC SDU or segment thereof.
A Length Indicator of 11 bit supports RLC SDUs up to 2048 byte and ‎[7]
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 \* MERGEFORMAT ‎[8]
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 \* MERGEFORMAT ‎[9], ‎[10] and ‎[11] agree that this is sufficient for an the expected IP packets. In ‎[3] we propose a mechanism to optimize the size of the Length Indicator by adapting it to the actual size of the RLC PDU. Thereby, the header overhead for small PDUs can be reduced significantly. 

Proposal 5: The size of the Length Indicator field is limited to 11 bit. Optimizations are ffs.

In addition to the Length Indicator + Extension Bit a so-called segmentation indicator has been discussed and proposed in ‎[6]
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‎[7]
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‎[8]
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‎[9] and ‎[10]. This 2 bit field indicates if the first contained RLC SDU starts byte-aligned in this RLC PDU, i.e., if it does not overlap to the previous RLC PDU. It furthermore indicates if the last contained RLC SDU ends in this RLC PDU. This improves SDU reassembly in case of data loss and reduces the number of Length Indicators and thereby the overhead.
Proposal 6: A 2 bit Segmentation Indicator indicates if the first contained SDU starts in the first byte of this PDU and if the last contained SDU ends in the last byte of this PDU.
In order to perform re-segmentation of RLC PDUs additional fields are required that allow the receiver to reassemble the original data from the AMD PDU Segments. ‎[6], ‎[7], ‎[8], ‎[10] and ‎[11] suggest to include this information only in case of re-segmentation, that means to distinguish between AMD PDU Segments and normal AMD PDUs.

Proposal 7: A 1 bit flag indicates if the received PDU is an AMD PDU or an AMD PDU Segment. 

There is strong consensus ‎[6]

 REF _Ref169336936 \n \h 
‎[7], ‎[8], ‎[9], ‎[10] and ‎[11] that AMD PDU Segments must contain a field that identifies its position in the original AMD PDU. This could be a byte-offset or a sub-sequence number. With the byte-offset approach proposed in ‎[6]
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‎[7], ‎[9], ‎[10] and ‎[11] this offset field identifies the first byte of the original RLC PDU contained in this segment. A 15 bit fields supports RLC PDUs up to 32768 byte. Unlike other numbering schemes, the byte-offset supports multiple re-segmentations of an RLC PDU or segments thereof while avoiding ambiguity between initial and consecutive re-segmentations. 

Proposal 8: AMD PDU Segments use a byte-offset field of to identify the position of the segment within the original AMD PDU. The size of this field is 15 bit.

In addition to the byte-offset proposed above it has been suggested in ‎[6]
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 \* MERGEFORMAT ‎[7]
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 \* MERGEFORMAT ‎[8]
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 \* MERGEFORMAT ‎[9], ‎[10] and ‎[11] to include a flag that identifies the last AMD PDU Segment belonging to an AMD PDU. 
Proposal 9: A 1 bit flag identifies the last AMD PDU Segment belonging to an AMD PDU. 

‎[6], ‎[8], ‎[9] and ‎[10] have proposed to include a Poll Bit in the header of AMD PDUs and AMD PDU Segments. If this 1 bit flag is set the RLC receiver is supposed to return a status message. It could be omitted for UM Radio Bearers. ‎[11] suggests to use a SUFI instead but as we expect polling to be a frequently used mechanism (e.g. for RRC) we propose to agree on the poll bit. 

Proposal 10: AMD PDUs and AMD PDU Segments comprise a poll bit that requests a status report from the receiver.

Figure 1 depicts the header format for AMD PDUs and AMD PDU Segments if the above-mentioned proposals can be agreed. 
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Figure 1: Generic RLC Data PDU Header Structure
There seems to be strong consensus that the RLC Payload must be byte-aligned in order to avoid bit-shifting upon PDU creation and parsing. We furthermore propose that not each individual RLC and MAC header but then entire RLC/MAC header should be byte aligned. This saves overhead and simplifies PDU parsing in the receiver. See ‎[4] for more information on byte alignment.

3 Conclusion

In this contribution we analyzed available proposals on the RLC header structure and derived a set of proposals based on identified commonalities. We found that there is strong consensus on almost all header elements and hope that this contribution helps to agree on the basic structure of the RLC Data PDU header.
We would be happy to provide text proposals for the RLC Specification on the agreed parts.
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