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1 Introduction

In the RAN2 #98 meeting, the following agreements were made on RLC Status PDU [1]:

Agreements 

1.
NACK range field indicating the number of consecutively lost RLC SNs starting from and including NACK_SN.  
2.
FFS the number of bits required

3.
E3 indicates the presence of NACK range 

4.
Several NACK range fields can be included in the RLC Status PDU 

5. 
The rest of the fields can follow LTE baseline

In this contribution, we discuss the remaining details on how to define NACK SN range for RLC Status PDU.

2 Discussion

In the last RAN2 #98 meeting, the RLC Status PDU is proposed to contain the following contents in high level concept [2]. 

(1) the SN and optionally SOstart of the first missing RLC PDU, i.e. SOstart is added if the first missing RLC PDU is a RLC SDU segment.

(2) optionally the NACK_SN range to indicate all the number of missing complete RLC PDUs after the first RLC PDU.

(3) optionally the SOend of the last missing RLC PDUs, i.e. SOend is added if the last missing RLC PDU is a RLC SDU segment.

As concluded in RAN2 #98 meeting, the E3 field is proposed to indicate the presence of NACK_SN range. The definition for rest of the fields can follow LTE as baseline. For the negative acknowledgment of a RLC PDU, the NACK_SN field can indicate the SN of the RLC PDU (or portions of it) that has been detected as lost at the receiving side as in LTE. The E2 field indicates if a set of SOstart and SOend follows as in LTE. The NACK_SN, SOstart, SOend and NACK_SN range can together indicate the negative acknowledgement of RLC SDUs in different cases. So E1 field should indicate whether or not a set of NACK_SN, E1, E2 and E3 follows.
Here the E1 and E3 field definitions are proposed in the Table 1 and Table 2.
Table 1 E1 field interpretation
	Value
	Description

	0
	A set of NACK_SN, E1, E2 and E3 does not follow.

	1
	A set of NACK_SN, E1, E2 and E3 follows.


Table 2 E3 field interpretation
	Value
	Description

	0
	NACK_SN range does not follow.

	1
	NACK_SN range follows.


Proposal 1: E1 field should indicate whether or not a set of NACK_SN, E1, E2 and E3 follows.
Proposal 2: E2 indicates if SOstart and SOend follow as in LTE.
The E1, E2 and E3 fields should be organized to indicate the missing complete RLC PDU or RLC PDU segments by using NACK_SN, SOstart and SOend fields. We analyze the possible cases in Table 3.
Table 3 The needed fields for lost RLC PDU cases

	Case
	E1
	E2
	E3
	Lost RLC PDUs (or portions of RLC PDU)
	Needed fields

	1
	0
	x
	x
	No loss
	No need

	2
	1
	0
	0
	
[image: image1.emf]
	NACK_SN

	3
	1
	0
	1
	
[image: image2.emf]
	NACK_SN, NACK_SN range

	4
	1
	1
	0
	
[image: image3.emf]
	NACK_SN, SOstart/SOend

	5
	1
	1
	1
	
[image: image4.emf]
	NACK_SN, SOstart for the first segment, and SOend for the last segment, NACK_SN range

	6
	1
	1
	1
	
[image: image5.emf]
	NACK_SN, SOstart, SOend(all’1’), NACK_SN range

	7
	1
	1
	1
	
[image: image6.emf]
	NACK_SN, SOstart(all’0’), SOend, NACK_SN range


From case 1 in the table, if there is no RLC PDU loss, E1=0 and E2 and E3 do not follow therefore is not configured.
For case 2, only one completed RLC PDU loss, SOstart, SOend, NACK_SN range fields are not needed, i.e. E2=0 and E3=0. NACK_SN is good enough to indicate the single completed RLC PDU. In this case, E1=1, E2=0, E3=0.
For case 3, more than one completed RLC PDU loss and no missing segmented RLC PDU. The NACK_SN range can indicate the number (=2, for case 3 in the Table1) of missing RLC PDU SN starting from and including the NACK_SN. NACK_SN range field is at least two in this case according to the agreements of RAN2 #98 meeting that is NACK_SN range field indicating the number of consecutively lost RLC SNs starting from and including NACK_SN. In this case, E1=1, E2=0, E3=1. 
Proposal 3: If RLC PDU(s) reported in a NACK are all complete RLC PDU(s), SOstart and SOend are not included, i.e. E2=0.
For case 4, it indicates only one segmented RLC PDU missing. The NACK_SN field indicates the SN of this segmented RLC PDU. The SOstart and SOend indicate the start and end bytes of this missing segment. In this case, E3 is set to 0 to align with the similar scenario in LTE and to reduce the NACK_SN range overhead. In this case, E1=1, E2=1, E3=0.
For the case 2 and case 4, since there is only one complete RLC PDU missing or only one segmented RLC PDU missing, the E3 field is set to 0 to reduce the NACK_SN range overhead. 

There are several cases to use E1=1, E2=1, E3=1 configuration, in which multiple missing PDUs are reported. Case 5 is a general case which has two segments in the front and in the end of MAC SDU with consecutive missing complete RLC PDU in the middle. In this case, the NACK_SN field indicates the SN of the first missing segmented RLC PDU and NACK_SN range indicates the number (at least two) of the missing RLC PDU SN starting from the NACK_SN. The SOstart/SOend fields are defined as follow.

· The SOstart field indicates the position of the first byte of the portion of the first segmented RLC PDU;
· The SOend field indicates the position of the last byte of the portion of the last segmented RLC PDU.
Note that the above definition is general and can also be applied to case 4 when only one segment is reported.

In case 6, if the first missing RLC PDU is a segment following consecutive missing complete RLC PDUs, the NACK_SN field and NACK_SN range configuration can follow the rule of case 5. The SOstart field indicates the first byte of the portion of the segmented RLC PDU with SN=NACK_SN, while the SOend can be set as all ‘1’ as a special value to indicate no last segmented RLC PDU in the end.
In case 7, if the case is several consecutive missing complete RLC PDUs following a segmented RLC SDU in the end, the NACK_SN field and NACK_SN range configuration can follow the rule of case 5. The SOstart can be set as ‘0’ as a special value to indicate no first segmented RLC PDU in the beginning, and SOend field indicates the position of last byte of the portion of the last segmented RLC PDU.
Proposal 4: For missing RLC PDUs with consecutive SNs, if the PDUs include one or more segments, the negative acknowledgment is described by a NACK_SN, a SOstart and a SOend, and a NACK_SN range.

Proposal 5: The SOstart and SOend for status report is defined as the following:

· The SOstart field indicates the position of the first byte of the portion of the first segmented RLC PDU;
· The SOend field indicates the position of the last byte of the portion of the last segmented RLC PDU.
Since E2 indicates whether or not SOstart/SOend follow as in LTE and several scenarios indicate the SOstart/SOend is needed for the negative acknowledgement, SOstart and SOend should be always placed before NACK_SN range when both are present.
Proposal 6: SOstart and SOend are always placed before NACK_SN range when both are present.
The length of NACK_SN range could be determined by the lost consecutive RLC PDUs in the same MAC SDU. For the worst case in 20Gbps traffic and 1ms TTI, we calculate the length of consecutive lost PDU as 20Gbps / (1500B / 1ms) = 1667 PDUs. So 11bits are required.
Proposal 7: The NACK_SN range has a fixed length in the specification. No configuration of NACK_SN range is needed.
Proposal 8: The NACK_SN range length is 11 bits.
3 Summary
In this contribution, the remaining details on how to define NACK SN range for RLC Status PDU was discussed, and the following was proposed.

Proposal 1: E1 field should indicate whether or not a set of NACK_SN, E1, E2 and E3 follows.
Proposal 2: E2 indicates if SOstart and SOend follow as in LTE.
Proposal 3: If RLC PDU(s) reported in a NACK are all complete RLC PDU(s), SOstart and SOend are not included, i.e. E2=0.
Proposal 4: For missing RLC PDUs with consecutive SNs, if the PDUs include one or more segments, the negative acknowledgment is described by a NACK_SN, a SOstart and a SOend, and a NACK_SN range, i.e. E1=1, E2=1, E3=1.

Proposal 5: The SOstart and SOend for status report is defined as the following:

· The SOstart field indicates the position of the first byte of the portion of the first segmented RLC PDU;

· The SOend field indicates the position of the last byte of the portion of the last segmented RLC PDU.
Proposal 6: SOstart and SOend are always placed before NACK_SN range when both are present.
Proposal 7: The NACK_SN range has a fixed length in the specification. No configuration of NACK_SN range is needed.
Proposal 8: The NACK_SN range length is 11 bits.
4 References

[1] RAN2#98 Chairman note.
[2] R2-1705067, RLC Status PDU Format, Qualcomm.
_1558872438.vsd

_1558876758.vsd

_1558955066.vsd

_1558876731.vsd

_1558872428.vsd

_1558872411.vsd

