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1 Introduction

This document addresses the open issues pertaining to the RLC Control Packet format for LTE [1, 2]. 

It supports overall byte-aligned format for the RLC control packet format. Specifically, it describes the format of RLC status reports such that they are byte-aligned and reduces the padding bits to make it byte-aligned. In this document, we restrict the focus to the different types of ACKs transmitted in the RLC status reports for both re-segmented and non re-segmented RLC PDUs.
2 Background
The outstanding issues that will be addressed in this contribution are as follows:

· Generic RLC Control Header format 
· RLC status report format with the different SUFIs

The comprehensive set of RLC control packets other than the RLC status reports have not yet been decided (FFS). So, in this document we only describe the format of RLC status reports in detail.

3 RLC Control Header 
The RLC control packet is primarily used to exchange information between two RLC AM entities. The format of the generic RLC control packets is shown below:
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Figure 1: RLC Control Packet Format

The description of the fields is as follows:

1. D/C Flag (1 bit): The D/C flag indicates whether the PDU is a data or a control PDU. It is set to 1 for all control PDUs
2. Control Type (3 bits): This 3-bit field indicates the type of RLC control packet. It can be used to identify RLC (ACK) status reports (for both non re-segmented and re-segmented RLC PDUs), RLC reset and reset ACKs and RLC discard if present. Other potential types of RLC control packets can also be defined since there are three bits allocated for this field.
3. Fixed headers (fixed bits): If the control type implies that there are fixed fields, then it is specified in the first few bytes following the Control Type in a pre-determined order. As an example, for RLC status reports, the last in-sequence sequence number (SN) field, whose size is fixed, will be the first field following the control type field. The control type field will indicate that this is a RLC status report and based on that it can be inferred that the next field is the sequence number field.

4. SUFIs (variable): This variable length field describes the details of the PDU control type. For instance, in the case of RLC status reports, it contains the details of the (cumulative) sequence number acknowledged and possibly the details of the sequence numbers of missing RLC PDUs. SUFIs are encoded in the form of TLV (type-length-value) encodings if the length is variable. 
Next, we describe the details of the packet format for RLC status reports. In this document, we restrict the focus to the different types of ACKs transmitted using the RLC status reports for both re-segmented and non re-segmented RLC PDUs.
3.1 RLC Status Report Format

In the generic RLC control header portion, the D/C flag will always be set to 1 for RLC status reports. Additionally, the Control Type field will be set to indicate that this is a RLC status report. There is a single RLC control PDU type for both re-segmented and non re-segmented RLC status reports. Re-segmented RLC status reports are transmitted if there are incomplete re-segmented RLC PDUs that have been received that need to be acknowledged.  
In the re-segmented case, it will include an additional SUFI to indicate the sequence numbers corresponding to the PDUs that have been partially received (along with the segment offset), the format of which will be discussed later in this section. 

The association between the LCID on which the RLC status report is received and the RB for which this status report is intended is made during the connection establishment phase. We propose that ACKs transmitted by the RLC status reports can be any one of the following formats for a non re-segmented RLC status report:

1. Cumulative ACK, where the received sequence number of the last in-sequence RLC PDU is reported. 
2. Cumulative with Selective ACK (Bitmap to indicate the selective portion), where a bitmap structure is used to indicate the RLC PDUs that have been received successfully within the RLC RX window.
3. Cumulative with NACK blocks, where the sequence number and the error count are explicitly stated to indicate blocks that are in error in addition to the last in-sequence RLC PDU sequence number.

For re-segmented RLC status report, the RLC status report can have any of the preceding three formats. However, the field immediately following the fixed header field is a SUFI, which describes the list of re-segmented RLC PDUs that have been received partially, so that these received segments are not retransmitted.  
The format of the RLC status report is determined by the receiver based on the pattern of the missing RLC PDUs within the RLC RX window. Hence, it is possible that for a single connection at different instances, any of the different formats of RLC (ACK) status report can be used.
We will now describe the formats of the RLC status reports for each of the scenarios:
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 (d) RLC status report  (with Re-segmentation).
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Figure 2: RLC Status Report Formats. The different potential ACK formats for RLC status reports for both Re-segmented and Non re-segmented RLC PDUs
3.1.1 RLC status report: Cumulative ACK
Figure 2 (a) describes the RLC status format for Cumulative ACK. Apart from the 4 bits of the generic RLC control header, it includes the sequence number (SN) field, the reseg flag (1) and the end flag (1). 
1. SN field (10 bits): This 10-bit field specifies the sequence number of the last received RLC PDU that is in-sequence. Thus, it is a cumulative ACK for all RLC PDUs with sequence number less than or equal to this value.
2. Reseg Flag (1 bit): This 1-bit field specifies if the RLC status report has a re-segmentation SUFI. If it is set to 0, there is no re-segmentation SUFI, implying that this RLC status report is for completely received RLC PDUs. If it is set to 1, it implies that there is a re-segmentation SUFI and that it immediately follows after the EF field. 
3. Extension Flag (1 bit): This 1-bit field specifies whether the RLC status report has additional SUFIs other than the Reseg SUFI, such as the bitmap SUFI or the NACK block SUFI. This should always be set to zero for Cumulative ACK status report. 
3.1.2 RLC status report: Cumulative with Selective (Bitmap) ACK
Figure 2 (b) describes the RLC status format for Cumulative with Selective ACK. Apart from the sequence number (SN) field, the reseg flag (1) and the end flag (1) fields that are similar to the Cumulative ACK, it also has the bitmap SUFI. 

4. SN field (10 bits): This 10-bit field specifies the sequence number of the last received RLC PDU that is in-sequence. As before, this acts as a cumulative ACK for all RLC PDUs with sequence number less than or equal to this value.
4. Reseg Flag (1 bit): This 1-bit field specifies if the RLC status report has a re-segmentation SUFI. If it is set to 0, there is no re-segmentation SUFI, implying that this RLC status report is for completely received RLC PDUs. If it is set to 1, it implies that there is a re-segmentation SUFI and that it immediately follows after the EF field. Note that the bitmap SUFI will follow the re-seg SUFI, when this field is set. 
4. Extension Flag (1 bit): This 1-bit field specifies whether the RLC status report has additional SUFIs other than the Reseg SUFI, such as the bitmap SUFI or the NACK block SUFI. This should always be set to 1 for Cumulative with Selective ACK status report. 
4. Bitmap SUFI (Variable Octet): The bitmap SUFI specifies whether a RLC PDU has been successfully received or not (with a 1 or 0) as a bitmap-representation. It is always specified with the last received in-sequence RLC PDU sequence number as the reference. It has the following fields:

a. Type (3 bits): This 3-bit field specifies the type of the SUFI, i.e., that this is a bitmap SUFI

b. Length (5 bits): This 5-bit field specifies the length of the Value field in number of bytes. Thus, the bitmap SUFI will always be an integral number of bytes. 
c. Bitmap Value (variable octet): This variable-length byte field specifies the bitmap format for the received RLC PDUs in the RLC window. As mentioned before, the bitmap starts from the last received in-sequence RLC PDU in the RLC RX window to the last received out-of-sequence RLC PDU in the RLC RX window. To make this field byte-aligned and to avoid unnecessary re-transmissions, the msb bits may be padded with zeros since the bit corresponding to the last in-sequence RLC PDU will always be set to 1 and so can be identified as the start of the bitmap.
3.1.3 RLC status report: Cumulative with NACK blocks 
The first three fields are exactly the same as the Cumulative with Selective ACK. This type of status reports are used when there are block errors, which are likely when there are black-outs or fading related losses.
4. NACK block SUFI (Variable Octet): The NACK block SUFI contains the list of sequence number followed by the error counts:

a. Type (3 bits): This 3-bit field specifies the type of the SUFI, i.e., that this is a NACK block SUFI

b. Length (5 bits): This 5-bit field specifies the length of the Value field in number of bytes. The SN field specified in the value field is of size 10-bits and the error field is of size 6-bits. Thus, the length field of NACK SUFI will always be of 2 bytes. 

c. NACK Blocks (variable octet): This variable-length byte field specifies the list of starting RLC sequence numbers and the corresponding error counts. For example, in a RLC RX window of 10-40, if blocks 12-16, 20-25 and 30-33 are missing, the NACK blocks contain the following fields in-order: 12 (SN), 5 (error count), 20, 6, 30, 4.
3.1.4 RLC status report: Re-seg SUFI
The first three fields are similar to the first three types of ACK with the re-seg flag always set to 1. Depending on whether a Cumulative ACK is sufficient or not, the EF flag is not set or set. The re-seg SUFI, if present, is always the first SUFI, following the fixed fields (SN, Reseg and EF). The re-seg SUFI contains the list of sequence numbers of re-segmented RLC PDUs that have been partially received and needs to be acknowledged.
4. Reseg SUFI (Variable Octet): The reseg SUFI contains the list of the 3-tuple containing the sequence numbers, the beginning segment offset and the ending segment offset:

a. Type (3 bits): This 3-bit field specifies the type of the SUFI, i.e., that this is a re-seg SUFI

b. Length (5 bits): This 5-bit field specifies the length of the Value field in number of bytes. The re-seg SUFI is always a multiple of 5 bytes. 

c. NACK Blocks (variable octet): This variable-length byte field specifies the list of the 3-tuple containing the following: (re-segmented SN (10 bits), starting segment offset (15 bits), ending segment offset (15 bits)). This is specified for each re-segmented RLC PDU that has been partially received. For retransmissions at the transmitter, the re-seg SUFI overrides the Cumulative SN, bitmap or the NACK block SUFIs, if there is any partial reception of the re-segmented RLC PDU.
4 Conclusion

This document proposes the generic format of the RLC control packets and specifies our proposed format of the RLC status reports. It proposes an overall byte-aligned format with minimal padding.
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