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1 Introduction

This contribution discusses the RLC PDU format for the acknowledged mode (AM). Based on the decisions on RLC protocol made at the RAN2#56 meeting a format is proposed.  

2 Discussion

At the RAN2#56 meeting following decisions regarding the RLC protocol were made:

· RLC PDU based sequence numbering

· The PDU sequence number carried by the RLC header is independent of the SDU sequence number (i.e. PDCP sequence number)
· The number of re-segmentations is not limited
Based on these decisions and already agreed functions and services provided by the RLC layer a RLC PDU format proposed and discussed in the next section.

3 Byte-Offset versus Subsequence Number

During RAN2 e-mail discussion on RLC re-segmentation proposals for the RLC PDU format, which are captured in [1], were discussed. Due to the decision at RAN2#56 meeting that RLC PDU based sequence numbering is used for LTE we see currently two potential approaches for the design of the RLC PDU format in AM mode. The difference lies mainly in the header structure for RLC PDU segments as well as in the format of RLC status reports. In the first approach RLC PDU segments are identified by the RLC PDU sequence number in combination with a byte-Offset value indicating what part of the original RLC PDU is contained in the RLC PDU segment. In the second approach sub-sequence numbers are used in order to identify RLC PDU segments. Annex A shows the RLC PDU format for the subsequence number approach. Comparing the header structure for RLC PDU segments of both approaches the byte-offset based format has a fixed size header regardless of the level of re-segmentation whereas in the sub-sequence number based approach the header increases proportionally with the level of resegmentation. Basically for each re-segmentation one header sub-block composed of a sub-sequence number (SSN), length field (LF), Last segment flag (LSF) and re-segmentation flag (R) is required as shown in Annex A. Therefore the byte-offset based approach is preferable in terms of the RLC header structure. Considering the transmitter/receiver implementation complexity it can be noted that in the byte-offset based missing parts of a RLC PDU can be quickly identified based on segment offset (SO) and length field (LF) and which allows for a fast reassembling respectively processing of RLC status reports. In the sub-sequence number based approach transmitter and receiver have to manage the sub-sequence numbers recursively, e.g. at each successful receiption of an RLC PDU segment or a RLC status report, which requires a higher processing time/load compared to the byte-offset based approach.  
Similarly, in the byte-offset based approach the size of a RLC status report is fixed for the resegmentation case. As shown in the next section only RLC sequence number, the Segment Offset (SO) and Length Field (LF) needs to be indicated for an acknowledged/not acknowledged RLC PDU segment. When using subsequence numbers the RLC STATUS report increases proportionally with the level of re-segmentation as shown in annex A.

Comparing the absolute size of RLC STATUS reports for both schemes it can be argued that for the first level re-segmentation case the subsequence number approach is more efficient in terms of overhead since the subsequence number (SSN) field requires less bits than the Segment Offset (SO) and Length Field (LF). However as already mentioned the size of RLC STATUS reports increase with each further re-segmentation when using sub-sequence numbers and more important due to the HARQ/ARQ interactions at receiver and transmitter side the need for RLC STATUS report can be greatly reduced as explained in [2]. Therefore we don’t see a signifcant advantage for the subsequence number based approach in terms of overhead. 
It should be further noted that in the byte-offset based approach due to the fact that Segment Offset (SO) field always relates to the original RLC PDU it’s possible to concatenate RLC PDU segments of the same RLC PDU, which are in sequence.  Considering a scenario where a RLC PDU fragmented in three RLC PDU segments, the transmitter could, in case available channel resources at retransmission timing are sufficient, transmit the first 2 segments of the RLC PDU in one newly formed RLC PDU segment. This is not possible with a subsequence number based scheme.  

In light of the advantages of the byte-offset based approach in particular in terms of RLC header structure for RLC PDU segments as well as implementation complexity, we propose that RAN2 agrees to adopt a byte-offset based approach for the RLC PDU segment format.
Conclusion: Adopt a byte-offset based approach for the header format of RLC PDU segments.
3.1 RLC PDU format 

Following functions and services are supported by the RLC layer

· Error Correction through ARQ (CRC check provided by the physical layer, in other words no CRC needed at RLC level);
· Segmentation according to the size of the TB: only if an RLC SDU does not fit entirely into the TB then the RLC SDU is segmented into variable sized RLC PDUs, which do not include any padding;
· Re-segmentation of PDUs that need to be retransmitted: if a retransmitted PDU does not fit entirely into the new TB used for retransmission then the RLC PDU is re-segmented;
· The number of re-segmentation is not limited;
· Concatenation of SDUs for the same radio bearer;
The RLC PDU format for the acknowledged mode (AM) is designed based on these supported functions.

Segmentation and Concatenation

The RLC layer performs concatenation of RLC SDUs or segments of RLC SDUs from one radio bearer (logical channel) according to the selected Transport Block size and corresponding number of bits for the radio bearer, determined by TFC selection procedure. Since concatenation of RLC SDU or RLC SDU segments, also referred to as block in the following, is done in sequential order, only the first and the last data block in a RLC PDU can be a RLC SDU segment. The other blocks need to be complete RLC SDUs. Therefore in order to allow for a correct reassembling at the receiver side a two-bit indicator, referred to as Segmentation Indicator (SI), needs to indicate whether the data payload of the RLC PDU begins/ends with a RLC SDU segment or a complete RLC SDU [3]. Based on the segmentation indicator the receiver knows whether a block located at the beginning/end of a RLC PDU needs to be combined with the block located at the end/beginning of the previous/next RLC PDU. Furthermore the header needs to indicate the length of a RLC SDU or RLC SDU segment contained in a RLC PDU. In case of concatenation an Extension bit (E) indicates the existence of a further RLC SDU or segment thereof.  Due to the usage of an Extension bit (E) the support of piggybacking RLC STATUS reports in a RLC PDU is also ensured.

Conclusion: In order to support segmentation and concatenation functionality on RLC layer the RLC header should contain the following control information:

· Two-bit indicator, also referred to as Segmentation Indicator (SI), indicating whether the data payload of an RLC PDU begins/ends with an RLC SDU segment or complete RLC SDU

· Length Indicator (LI) indicating the length of a RLC SDU or RLC SDU segment contained in the RLC PDU

Further control information contained in the RLC PDU header apart from the above mentioned information required for the support of segmentation/concatenation is explained in the following. The RLC PDU Sequence number (SN) allows for error correction through ARQ functionality as well as for reordering of RLC PDUs at the receiver. The PDU sequence number carried by the RLC header is independent of the SDU sequence number (i.e. PDCP sequence number). A one-bit flag (D/C) indicates the type of a RLC PDU either data or control PDU. Furthermore the header indicates by means of a flag (T) whether the data payload contains a RLC PDU or RLC PDU segment. Since Polling was already agreed as ARQ funtionality a poll bit (P) indicates whether a status report is requested from the receiver.  

The following figure shows the proposed RLC PDU format for the AM mode:
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Figure 1: Proposed RLC PDU format

For convinience a description of the RLC PDU header fields is given in the table below.

	Header Field
	Description

	D/C Field
	The D/C field indicates the type of an AM PDU. It can be either data or control PDU

	Type Field  (T)
	Identifies the type of the PDU (RLC PDU/RLC PDU Segment)

	Polling Bit (P)
	This field is used to request a status report from the Receiver.

	RLC SN
	This field indicates the "Sequence Number" of the RLC PDU

	Segmentation Indicator  (SI)
	Segmentation Indicator (SI) indicating whether the data payload of the RLC PDU begins/ends with a RLC SDU segment or a complete RLC SDU. 

	Length Indicator (LI)
	Length Indicator in the RLC PDU indicates the length of the different RLC SDU that are composing the RLC PDU in bytes

	Extension bit (E)
	Indicates whether another Length Indicator (LI) field is following or whether Data is following


3.2 RLC PDU segment format

Due to the advantages in terms of header structure and implementation complexity a byte-offset based approach is used for the RLC PDU segment format. In order to identify a segment of an RLC PDU, the header indicates the start position of the segment within the RLC PDU and the length of the segment in number of bytes. The start position is represented by the Segment Offset (SO) field whereas the Length Field (LF) indicates the length of the segment. The corresponding RLC PDU is identified by the RLC PDU sequence number. In order to allow for a correct reassembling of RLC PDUs at the receiver it needs to be further indicated whether the RLC PDU segment is the last fragment of an RLC PDU. Hence a Last Segment Flag (LSF) is signalled within the header. Similar to the RLC PDU format a RLC STATUS PDU can be piggybacked to a RLC PDU segment if required. Alternatively, instead of piggybacking a RLC STATUS PDU in a RLC PDU segment the RLC STATUS PDU could be carried in a separate RLC PDU and multiplexed into the Transport Block on MAC layer. In this approach, there would be no need to signal a Length Field (LF) in the RLC PDU segment header. Since the RLC PDU segment contains only data payload the length information could be obatined from the MAC layer, i.e.by using the Length Field (LF) in the MAC header [4]. 
It should be noted that in the proposed format the original RLC PDU is treated in the RLC PDU segment as payload. From this it also stems the requirement, that the RLC PDU header is byte-aligned. 

Conclusion: In order to support an infinite number of re-segmentations, the header for RLC PDU segments should include the following information:

· Segment Offset (SO) field identifying the start position of the RLC PDU segment in the original RLC PDU in bytes and a potentially a Length Field (LF) indicating the length of the data part in a RLC PDU segment

· Last Segment Flag (LSF) indicating whether this RLC PDU segments contains the last byte of the corresponding RLC PDU. 

  The proposed RLC PDU segment format is shown in the figure below.
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Figure 2: Proposed RLC PDU segment format

An overview of the RLC PDU segment header fields is presented in the table below.

	Header Field
	Description

	D/C Field
	The D/C field indicates the type of an AM PDU. It can be either data or control PDU

	Type Field  (T)
	Identifies the type of the PDU (RLC PDU/RLC PDU Segment)

	Polling Bit (P)
	This field is used to request a status report from the receiver.

	RLC SN
	This field indicates the "Sequence Number" of the corresponsing RLC PDU 

	Last Segment Flag  (LSF)
	Indicates whether this RLC PDU segment contains the last byte of the corresponding RLC PDU

	Length Field (LF)
	Indicates the length of the data part of the RLC PDU segment in bytes

	Segment Offset (SO)
	Identifies the position of the RLC PDU segment in the original RLC PDU in bytes


3.3 ARQ retransmissions   

The ARQ protocol of the RLC layer should allow for the retransmission of a complete RLC PDU or segment thereof. In order to notify the transmitter of a not acknlowedged RLC PDU or PDU segment the receiver needs to send a RLC STATUS report indicating the sequence number of the missing RLC PDU or the missing sequence of bytes within a RLC PDU. In order to request the retransmission of an RLC PDU segment the RLC STATUS report should contain the sequence number of the corresponding RLC PDU plus Segment Offset (SO) and Length field (LF) identifying the missing sequence of bytes. In case of re-segmentation the receiver isn’t always aware of the total length of the corresponding RLC PDU. Therefore in order to indicate to the transmitting entity, that starting from a certain byte offset, indicated by the Segment Offset (SO) field, the rest of an RLC PDU is missing, there needs to be one reserved Length Field value. This value should indicate the length beginning from the SO value up to the last byte of the RLC PDU. Since transmitter knows the total length of the RLC PDU it will know what bytes to retransmit. Having this special Length Field value allows for the usage of RLC STATUS reports containing a negative ACK rather than using RLC STATUS reports using s positive ACK.     

Conclusion: 

· In order to request the retransmission of a complete RLC PDU the RLC STATUS report should contain the RLC SN
· In order to request the retransmission of a sequence of bytes within a RLC PDU, i.e. RLC PDU segment, the RLC STATUS report should contain RLC SN + SO + LF
An examplary RLC STATUS PDU notifying a missing RLC PDU respectively RLC PDU segment is presented in the figure below.
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Figure 3: examplary RLC STATUS report (negative Acknowledgement)
4 Conclusion 

This contribution discusses a RLC PDU format for the acknowledged mode (AM). It’s proposed that RAN2 agrees on the conclusions drawn in above sections and to capture them in corresponding specifications.
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6 Annex A

The following figure shows the format for a RLC PDU (a) respectively RLC PDU segment (b) for the subsequence nunmber based approach. 
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Figure 4: a) RLC PDU format   b) RLC PDU segment format

The format of an RLC STATUS report is shown in Figure 5. 
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Figure 5: RLC STATUS report (negative Acknowledgement)
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