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1   Introduction
In RAN2#98, the following agreements regarding to RLC status PDU were achieved [1]:

	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 RAN2#AH2, the following agreements regarding to RLC status PDU were achieved [2]:
	1.  The NR RLC STATUS PDU retains the D/C, CPT, ACK_SN, NACK_SN, SOstart, and SOend fields with the similar interpretation as in the LTE RLC STATUS PDU.

2.
The NACK range field can be associated with a pair SOstart and SOend fields to indicate the segment offsets for the “first” and “last” RLC SDU segments in a set of consecutively lost RLC PDUs.
3.
12 and 18 bit RLC SN is used for RLC AM NR.  SN for RLC UM is FFS

4.
Only 16 bit SO is used in NR for both AM and UM.

5.
NACK_RANGE size is FFS – depends on byte alignment and full RLC STATUS format
=> Editor’s note – E1-2 field definition may be revisited


As agreed, the NACK range field is introduced to indicate consecutively missing RLC PDUs in RLC status report. But the detailed format needs more discussion. In this contribution, we will further discuss the size of the NACK range field and some enhancement of other fields to further reduce the overhead. 
2   Discussion
2.1 Size of NACK range field
There are several options to set the NACK range field size:
· Option 1: fixed in the specification
The NACK_SN range size may be fixed in the specification. This will make the specs simple as there are not so many variable-size formats. In this case, a suitable size should be chosen for NACK range field. 

In the worst case, if only the first packet and the last packet in RLC window are received and other packets are not received successfully, then the NACK range attains the maximum value. The transmission window of RLC is set as half the size of RLC SN. As the RLC SN length is agreed to be 12bits or 18bits in AM, the size of NACK range field could be up to 11 bits or 17 bits when considering the extreme case. However, the NACK range is introduced to address the issue that a MAC PDU with consecutive RLC SDUs of a logical channel is lost. Two or more MAC PDUs lost consecutively could be considered as a corner case. As usually there are not too many RLC SDUs in a MAC PDU due to the maximum TB size restriction, 8bits which can support 256 SNs could be enough for the NACK range. 8 bits is also beneficial to the design of byte-aligned RLC status PDU format which will be illustrated in Chapter 2.3. 

· Option 2: configured by the network
The gNB may configure the exact NACK range field size per RLC entity from a set of candidate sizes. Compared with opiton1, it causes complexity to the specs and brings no obvious benefits. 

· Option 3: dynamically indicated in the header
This option requires one bit in the RLC header to indicate the exact NACK range size used in the RLC status PDU. One example is given in Table 1, where the G bit indicates which size of Range field is used. This works similar to F filed and F2 field in the MAC header to indicate the size of the Length filed. This option allows the receiver to set the NACK range field to a proper value based on its receiving window status, and thus has the highest flexibility. However, it needs to define multiple formats for the RLC status PDU. 
Table 1: Example of NACK range field size

	Index of G （1bit）
	Size of range field (in bits)

	0
	N1

	1
	N2


The exact NACK_SN range size may depend on the outcome on how much RLC PDUs from the same logical channel may be multiplexed within one MAC PDU. It may depend on a lot factors, e.g., logical channel priority, channel conditions (high-frequency vs. low-frequency), and buffer size etc. However, in consideration of simplicity and byte-aligned PDU format, we slightly prefer option 1.
Proposal 1: The size of the NACK range is fixed in the specification and 8bits can be used.
2.2 Indication of the segments location in the range
In NR, the concatenation is moved to MAC. In this case, the RLC segments are contained either in the front or in the end of one MAC PDU. Another issue is how to organize information in the RLC status report when the missing SN range contains SN for segments.

For a missing MAC PDU, there are following 4 cases that need to be considered as illustrated in Fig.1 (When NACK range exists):

a) No RLC SDU segments in the MAC PDU
In this case, neither of SOstart field or SOend field is needed.
b) One RLC SDU segment which is located at the end of the MAC PDU 

In this case, only SOend field is needed as SOstart field is “0000000000000000”.
c) One RLC SDU segment which is located at the front of the MAC PDU
In this case, only SOstart field is needed as SOend field is the end of the original RLC SDU.
d) Two RLC SDU segments in the MAC PDU: one is at the front and the other is at the end of the MAC PDU
In this case, both SOstart field and SOend field are needed and they indicate the offset of the first and last segment separately.

[image: image1.emf]Complete RLC SDUs Segment

Lost MAC PDU 2 

Complete RLC SDUs Segment

Lost MAC PDU 3 

Complete RLC SDUs Segment

Lost MAC PDU 4 

Segment

Only SOend field needed

Only SOstart field needed

SOstart field needed SOend field needed

Complete RLC SDUs

Lost MAC PDU 1 

Neither of SOend or 

SOstart field needed


Fig.1 Four cases about whether SOstart or SOend field is needed
The above four cases are when the NACK range exists. If not, the E2 interpretation is similar and the only difference is that there is only one SN missing instead of a series of SNs.
To indicate all the situations, E2 field can be enhanced to 2 bits with the following interpretations:
Table 2: E2 field interpretation 
	Value
	Description

	00
	Neither of SOstart nor SOend field follows

	01
	Only SOstart field follows and is for the first NACK_SN of the NACK range if the NACK range exists;

Only SOstart field follows and is for the NACK_SN if the NACK range does not exist 

	10
	Only SOend field follows and is for the last NACK_SN of the NACK range if the NACK range exists;

Only SOend field follows and is for the NACK_SN if the NACK range does not exist

	11
	Both SOstart field and SOend field follow. The SOstart field is for the first NACK_SN of the NACK range and the SOend field is for the last NACK_SN of the NACK range If the NACK range exists;

Both SOstart field and SOend field are for the NACK_SN if the NACK range does not exist


With the extension of E2 field, not only can SOstart field and SOend field be indicated, but also the overhead can be further reduced as SOstart field and SOend field are not always present simultaneously. As SOend field and SOstart field is 16bits, the overhead reduction is beneficial and worth consideration.
Proposal 2: If the NACK range contains RLC SDU segments, E2 field should be extended to 2 bits to indicate whether none, one or both of SOstart and  SOend fields are present.
2.3 The Extension bit 1 (E1) field

In LTE, the interpretation of E1 field is in the table:

Table 3: E1 field interpretation in LTE
	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.


As can be seen in the table, E1 indicates whether or not a set of NACK_SN, E1, E2 and E3 follows. In NR, besides E2, E3 is introduced to indicate whether NACK range field follows. In this case, the E1 field indicates the presence of next set of fields but the E2 field and E3 field indicate the presence of the current set of fields. This kind of intepretation will be complex and decrease the readability. This issue is discussed in detail in [3]. To keep the E1 interpretation aligned with E2 and E3, i.e. indicate the presence of the current set of fields, the interpretation of E1 field is better to be as follows: 
Table 4: E1 field interpretation in NR
	Value
	Description

	0
	NACK_SN field does not follow 

	1
	NACK_SN field follows 


Proposal 3: E1 field is defined to indicate whether NACK_SN is present or not.
2.4 Detailed format design
In NR, when designing the formats, all the above proposals should be taken into consideration. According to the RAN2#Ad Hoc2 agreements, 12sbits and 18 bits SN are used for RLC AM in NR and the SO field is set to 16 bits. Therefore we design two formats for the RLC status PDU with 12bit SN and 18bit RLC SN separately, as shown in Fig.2. 

[image: image2.emf]D/C CPT ACK_SN

ACK_SN

NACK_SN

NACK_SN

E1

SOstart 

SOend

NACK_SN range

E2

Oct 1

Oct 2

Oct 3

Oct 4

Oct 5

Oct 6

Oct 7

Oct 8

Oct 9

SOstart

E3

SOend 

...

D/C CPT R

ACK_SN

NACK_SN

NACK_SN

E1

SOstart 

SOend

NACK_SN range

E2

Oct 1

Oct 2

Oct 3

Oct 4

Oct 5

Oct 6

Oct 7

Oct 8

Oct 9

SOstart

E3

SOend 

Oct 10

...

ACK_SN

NACK_SN

ACK_SN

R R R

Oct 11


Fig. 2: STATUS PDU with 12 bit and 18bit SN and with 16 bit SOstart and SOend fields in NR
Proposal 4: Adopt the text proposal attached at the end of the paper.
3   Conclusion
By discussing the format of RLC status report PDU, we have the following proposals:

Proposal 1: The size of the NACK range is fixed in the specification and 8bits can be used.
Proposal 2: If the NACK range contains RLC SDU segments, E2 field should be extended to 2 bits to indicate whether none, one or both of SOstart and  SOend fields are present..
Proposal 3: E1 field is defined to indicate whether NACK_SN is present or not.
Proposal 4: Adopt the text proposal attached at the end of the paper.
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5   Text Proposal
——————————————————————START————————————————————
5.2.3
  Status reporting

An AM RLC entity sends STATUS PDUs to its peer AM RLC entity in order to provide positive and/or negative acknowledgements of RLC SDUs (or portions of them).

Triggers to initiate STATUS reporting include:

-
Polling from its peer AM RLC entity:

-
When an AMD PDU with SN = x and the P field set to “1” is received from lower layer, the receiving side of an AM RLC entity shall:

-
if the PDU is to be discarded as specified in subclause 5.1.3.2.2; or

-
if x < RX_Highest_Status or x >= RX_Next + AM_Window_Size:

-
trigger a STATUS report;

-
else:

-
delay triggering the STATUS report until x < RX_Highest_Status or x >= RX_Next + AM_Window_Size.

NOTE 1:
This ensures that the RLC Status report is transmitted after HARQ reordering.

-
Detection of reception failure of an AMD PDU

-
The receiving side of an AM RLC entity shall trigger a STATUS report when t-Reordering expires.

NOTE 2:
The expiry of t-Reordering triggers both RX_Highest_Status to be updated and a STATUS report to be triggered, but the STATUS report shall be triggered after RX_Highest_Status is updated.

When STATUS reporting has been triggered, the receiving side of an AM RLC entity shall:

-
if t-StatusProhibit is not running:

-
at the first transmission opportunity indicated by lower layer, construct a STATUS PDU and deliver it to lower layer;

-
else:

-
at the first transmission opportunity indicated by lower layer after t-StatusProhibit expires, construct a single STATUS PDU even if status reporting was triggered several times while t-StatusProhibit was running and deliver it to lower layer;

When a STATUS PDU has been delivered to lower layer, the receiving side of an AM RLC entity shall:

-
start t-StatusProhibit.

When constructing a STATUS PDU, the AM RLC entity shall:

-
for the AMD PDUs with SN such that RX_Next <= SN < RX_Highest_Status that has not been completely received yet, in increasing SN order of SDUs and increasing byte segment order within SDUs, starting with SN = RX_Next up to the point where the resulting STATUS PDU still fits to the total size of RLC PDU(s) indicated by lower layer:

-
for an RLC SDU for which no byte segments have been received yet:

-
include in the STATUS PDU a NACK_SN which is set to the SN of the RLC SDU;

-
for a continuous sequence of byte segments of a partly received RLC SDU that have not been received yet:

-
include in the STATUS PDU a NACK_SN, optionally an SOstart and optionally an SOend

-
for a continuous sequence of RLC SDUs that have not been received yet:

-
include in the STATUS SDU a NACK_SN which is set to the SN of the first RLC SDU or RLC SDU segment of the sequence, a NACK range, optionally an SOstart and optionally an SOend
-
set the ACK_SN to the SN of the next not received RLC SDU which is not indicated as missing in the resulting STATUS PDU.
6.2.1.5
STATUS PDU

STATUS PDU consists of a STATUS PDU payload and a RLC control PDU header.
RLC control PDU header consists of a D/C and a CPT field.
The STATUS PDU payload starts from the first bit following the RLC control PDU header, and it consists of one ACK_SN, zero or more sets ofan E1, an E2, an E3 and a NACK_SN, and optionally one or both of a SOstart and a SOend or a NACK range field for each NACK_SN.
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Figure 6.2.1.5-1: STATUS PDU with 12 bit SN
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Figure 6.2.1.5-2: STATUS PDU with 18 bit SN
6.2.2.11
Extension bit 1 (E1) field

Length: 1 bit.

The E1 field indicates whether or not a set of NACK_SN, E1, E2 and E3 follows. The interpretation of the E1 field is provided in Table 6.2.2.11-1.
Table 6.2.2.11-1: E1 field interpretation

	Value
	Description

	0
	NACK_SN field does not follow 

	1
	NACK_SN field follows 


6.2.2.13
Extension bit 2 (E2) field

Length: 2 bits.

The E2 field indicates whether none, one or both of SOstart and SOend follows. The interpretation of the E2 field is provided in Table 6.2.2.13-1.
Table 6.2.2.13-1: E2 field interpretation

	Value
	Description

	00
	Neither of SOstart nor SOend field follows

	01
	Only SOstart field follows and is for the first NACK_SN of the NACK range if the NACK range exists;

Only SOstart field follows and is for the NACK_SN if the NACK range does not exist 

	10
	Only SOend field follows and is for the last NACK_SN of the NACK range if the NACK range exists;
Only SOend field follows and is for the NACK_SN if the NACK range does not exist

	11
	Both SOstart field and SOend field follow. The SOstart field is for the first NACK_SN of the NACK range and the SOend field is for the last NACK_SN of the NACK range If the NACK range exists;
Both SOstart field and SOend field are for the NACK_SN if the NACK range does not exist


6.2.2.17
NACK range field
Length: 8 bits
This NACK range field is the number of consecutively lost RLC SDUs starting from and including NACK_SN.
——————————————————————END————————————————————
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