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1
Introduction

LTE supports both flexible RLC PDU size and unlimited number of re-segmentations for RLC PDU retransmission. It has been agreed in RAN2 59bis meeting [1] to have one status report format containing both one ACK and the NACKs for PDU’s/PDU segments. In this document we propose the status report ALIST SUFI format of combined ACK/NACK RLC PDU/PDU segments, which takes into account the low residual error rate of LTE system and the sporadic pattern.  If the transmission errors happen more frequently or in burst, BITMAP SUFI similar to Rel-7 shall be used to ACK/NACK PDUs, and SLIST is proposed to NACK PDU segments.
2
SUFI Format
2.1
The ALIST super-field

ALIST SUFI is proposed to report both receiving and missing RLC PDU/PDU segments.  The ALIST Super-Field format is shown in Figure 1.

	Type = ALIST

	HSN
	E

	SN1
	SF
	(SO1,start)
	(SO1,end)
	E

	SN2
	SF
	(SO2,start)
	(SO2,end)
	E

	……

	SNn
	SF
	(SOn,start)
	(SOn,end)
	E


Figure 1:

The ALIST field in a STATUS PDU
HSN
Length: 10bits
The “highest sequence number” of the PDU that has been received successfully.
E

Length: 1 bit.

The Extension bit field indicates the Extension bit field is followed by another SN, or it is the end of the SUFI.  The interpretation of the Extension bit field is provided in Table 1.
Table 1: Extension bit field interpretation

	Value
	Description

	0
	The end of the SUFI.

	1
	SN field follows.


SNi
Length: 10bits.
“Sequence Number” of AMD PDU/PDU segment(s), which was not correctly received.

Note that SN1≤ SN2 ≤ …… ≤ SNn < HSN.
SF
Length: 1 bit.

The Segment Flag bit field indicates whether the field is followed by two SO fields (SOstart, SOend), or by an Extension bit field.  The interpretation of the Segment Flag bit field is provided in Table 2.

Table 2: Segment Flag bit field interpretation

	Value
	Description

	0
	The next bit is Extension bit field

	1
	The next 31 bits are SOstart (15bits), SOend (15bits) and Extension bit (1 bit) fields.


SOi. start
Length: 15bits.
The “Segment Offset” of the first byte of AMD PDU segment(s), which was not correctly received. The value of SOi,start is defined with respect to the payload of the original AMD PDU SNi.
SOi, end
Length: 15bits.
The “Segment Offset” of the last byte of AMD PDU segment(s), which was not correctly received. The value of SOi,end is defined with respect to the payload of the original AMD PDU.  If the position of the last byte of missing segment is unknown (e.g., the last segment of the original PDU is missing), SOi, end may be set to some special value, e.g., 0.
Note that the end of missing data within an AMD PDU can be indicated by either the offset of the last byte as in Figure 1, or the byte count of consecutive loss, which is the segment length. The size of fields required for both cases should be the same as the SO field of AMD PDU segment header. Therefore, either one can be used, and the bits needed are identical.  
ALIST ACKed all PDU/PDU segments up to PDU of sequence number HSN (included), except those that are NACKed through the list of (SNi, SOi,start, SOi,end), where i=1, …, n.
Note that the end of the ACK/NACK status report SUFI can be derived from one of the two alternatives listed below:

Alternative 1: the total number of SNs of the status report is included in a LENGTH field at the beginning of the SUFI, similar to the LENGTH field of LIST SUFI in Release 7 [3];

Alternative 2: Add an extension bit to each SN, which indicates whether there is another SN follows or not, similar to the ‘E’ bit in RLC header.

We use Alternative 2 for ALIST in Figure 1, because of the flexibility it provides to include as many PDU/PDU segments as necessary in one SUFI.  Alternative 1 is also an acceptable format.
2.2
The SLIST super-field

SLIST SUFI is proposed to report missing RLC PDU segments only.  The SLIST Super-Field consists of a type identifier field (SLIST), a list length field (LENGTH) and a list of LENGTH number of (SN, SOstart, SOend) triplets for missing segments, as shown in Figure 2.
	Type = SLIST

	(LENGTH)

	SN1

	SO1, start

	SO1, end

	SN2

	SO2, start

	SO2, end

	…

	SNLENGTH

	SOLENGTH, start

	SOLENGTH, end


Figure 2:

The SLIST field in a STATUS PDU
LENGTH

Length: FFS
The number of (SNi, SOi, first, SOi, last) triplets in the super-field of type SLIST.
Note that the LENGTH field may not be necessary if the total size of SLIST SUFI is known to the RLC entity before starting to process the content SLIST SUFI, because the number of (SN, SOstart, SOend) triplets can be derived from the total size given that each (SN, SOstart, SOend) triplet is 5bytes.
Definitions of SNi, SOi. start and SOi, end are the same as in ALIST.
SLIST NACKed PDU segments specified through (SNi, SOi,start, SOi,end), where i=1, …, LENGTH.
It should be noted that SLIST is only used when status of PDU segments needs to be reported. The status of RLC PDUs is reported through separate SUFIs, such as BITMAP.

2.3
The BITMAP super-field

BITMAP SUFI is used to report both receiving and missing PDUs, and the format is the same as that in Release 7, only that the FSN field size is changed to 10 bits.  Note that BITMAP SUFI does not provide information on the receiving status of any PDUs other than those indicated explicitly in the Bitmap field.  It is worth pointing out that BITMAP is not appropriate for RLC PDU segment ACK/NACK, for the reason that PDU segments are indexed by byte offset, instead of subsequence number, and there may be multiple numbers of re-segmentations in transit. Therefore, every byte of the original PDU has to be represented by one bit in the status bitmap in order to avoid ambiguity if using BITMAP, which is not efficient.

3
Conclusions

A new SUFI, ALIST, is defined in this document to report both receiving and missing RLC PDU/PDU segments jointly. Another new SUFI, SLIST, is defined to report missing PDU segments.  In addition, BITMAP SUFI needs to be supported to ACK/NACK PDUs efficiently when the transmission errors occur more frequently or in burst.

It is proposed to agree on the ALIST format in Figure 1 as the baseline SUFI. We also suggest RAN2 group to consider the need of SLIST and BITMAP for the scenario when transmission errors occur more frequently. Motorola can provide text proposal for inclusion into the Stage 3 specification based on agreements.
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