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1.
Introduction
At RAN2 59bis it was decided that an RLC status report shall contain an ACK and NACKs for missing PDUs and PDU segments. This document outlines a status report format in line with these decisions. 
2.
Discussion
2.1
Use of accumulative ACK

With an accumulative ACK is normally meant  that the ACK indicates the highest in sequence PDU that has been received correctly.  However, a strict interpretation of the accumulative ACK leads to an inefficient status reporting when the ACK is combined with NACKs. Consider the example in Figure 1 where all PDUs 1 through 8 have been received except PDU 3 which is missing. PDU 2 is the highest received in-sequence PDU so a strict interpretation of an accumulative ACK (Left in Figure 1) means that the ACK should be set to 2 and a NACK for PDU 3. This leads to a situation where the receiver of the status report does not know anything about the PDUs 4-8.
An alternative use of the accumulative ACK is to state that all PDUs up to and including the sequence number indicated by the ACK have been received correctly except the PDUs that are indicated as missing by NACKs in the same status report (Right in Figure 1). This approach is used in UTRAN and means that the receiver of the status report knows the receiver status also for  PDUs 4-8 in the example.


[image: image1]
Figure 1Illustration of two ways to interpret a combination of ACK and NACKs
Proposal 1: The ACK shall indicate that all PDUs up to and including the SN indicated by the ACK have been received correctly except the PDUs indicated as missing in the same status report
NOTE: In both the left and the right part of the figure the highest accumulative acknowledged sequence number is 2.
2.2
STATUS PDU format

According to the agreements at RAN2 #60 the sequence number for AM RLC is 10 bit and the segmentation offset 15 bit. A status PDU format should contain one ACK and a variable number of NACKs. Further the NACKs sometimes refer to complete PDUs (only an SN needed) and sometimes to a PDU segment (SN and at least one SO is needed).  Since the most common case of the status report is to indicate an ACK and no NACKs the format should be optimized for that case, meaning that a Status report with a single ACK should fit into two octets. 

Proposal 2: The status PDU format for a single ACK shall fit in two octets

In principle the transmitter could identify the RLC segment from a single SO value (the first octet of the segment). That is however not always feasible since an RLC PDU can be re-segmented in several “generations” and the transmitter does not know which generation that is NACKed. Thus it is proposed to include one SO pair for each segment NACK where the first SO indicates the first missing octet and the second SO indicates the last missing octet.  
The proposed format is showed below for the cases of  only an ACK in the status report (Figure 2) and one ACK and three NACKs in the status report (Figure 3) where the last two NACKs are segment NACKs and thus require an SO pair.
The status always starts with an ACK field. The E bit that follows indicate if NACKs will follow or not (otherwise padding is included to achieve octet alignment). If one or more NACKs is included each NACK is followed by an E bit and an F bit where E indicates if another NACK is present or not and the F bit indicates if an SO pair is included for the particular NACK or not. After the last NACK the SO pairs are included for the NACKs where the F flag was set.
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Figure 2 Proposed Status PDU format with only an ACK is included
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Figure 3 Proposed Status PDU format with an ACK and 3 NACKs included where the last 2 NACKs are segment NACKs
The proposal minimizes the size of the STATUS PDU in the case where only an ACK is sent (which is the most common case)

NOTE: In case there is an agreement to have RESET PDUs and/or MRW PDUs a type field would be needed in the beginning of the control PDU. That only affect the size of the padding and all other fields are unchanged.
Proposal 3: Adopt a STATUS PDU format in line with the proposal above.
In case some of the RLC segments from an RLC PDU have been received but the last RLC segment is missing the receiver does not know where the segment ends (or even how many segments that are missing), i.e. it can not set the second SO in the SO pair for that segment. A simple solution to that problem is to reserve one SO value which means “end of segment not known” which the receiver would indicate in that case.

Proposal 4: In case the end of a segment is not known the receiver sets the second SO for that segment to a special value meaning “end of segment not known
2.3
Possible optimizations

It should be noted that two SOs are not always needed for an RLC PDU segment. If only the first part or last part of the segment is missing a single SO is sufficient to describe the receiver status. That would however require a 2 bit F field that would have the meaning described below:

	F
	Meaning
	Number of SOs included

	00
	NACK for complete RLC PDU
	No SO

	01
	NACK for first part of RLC PDU segment
	1 SO (indicates last non received data octet)

	10
	NACK for last part of RLC PDU segment
	1 SO (indicates first non received octet)

	11
	NACK for middle part of RLC PDU segment
	2 SOs (indicate fist and last non received octets)


Table 1 Illustration of the use of two bit F field

Since it should be relatively rare that PDUs are segmented into PDU segments it is however questionable if optimizations for this case can be motivated and this optimization is not part of our current proposal.
3.
Conclusion
We propose to agree on the following:
Proposal 1: The cumulative ACK shall indicate that all PDUs up to and including the SN indicated by the ACK have been received correctly except the PDUs indicated as missing in the same status report
Proposal 2: The status format for a single ACK shall fit in two octets

Proposal 3: Adopt a STATUS PDU format in line with the proposal above.
Proposal 4: In case the end of a segment is not known the receiver sets the second SO for that segment to a special value meaning “end of segment not known
4.
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