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1   Introduction
In RAN2#97bis, the following agreements regarding to RLC status report were achieved:

	1 
RLC status report format is byte-aligned

2  Introduce a new field(s) “NACK SN range” in the status report format. 
FFS the details of this field and how the status report is coded

	3 PDCP SN length should be up to at least up 18 bits (for data bearer). FFS if there are use cases in which larger value is needed and which value for AM/UM.

4 -
PDCP SN length 12 bits is supported for RLC UM and AM and for both DRB(s) and SRB(s)


As agreed, the new 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 new field and try to give appropriate formats of RLC status report PDU. 
2   Discussion
2.1 Form of the new field
Although a new field is agreed to be introduced, the form of the new field is pending. According to the discussion in last meeting [1-3], there can be three options to indicate the consecutively lost RLC PDUs.
· Option 1: Use a starting NACK_SN field and a NACK_SN range field to indicate the consecutively missing SNs.
· Option 2: Use a NACK_SN range field and an ending NACK_SN field to indicate the consecutively missing SNs.
· Option 3: Use a starting NACK_SN field and an ending NACK_SN field to indicate the consecutively missing SNs.
All the three options can indicate the consecutively missing RLC SNs. From overhead point of view, Option 1 or 2 is better than Option 3 as the consecutive NACK_SN range field is likely to be smaller than NACK_SN field. As for Option 1 and Option 2, there is not much difference and either can be adopted.
Proposal 1: Use a NACK_SN range field and a NACK_SN field to indicate the consecutively missing SNs.
2.2 Size of NACK_SN range field
There are several options to set the NACK_SN range field size as follows.

· Option 1: fixed in the specification
The NACK_SN range size may be fixed in the specification. For example, it could be set as 4 bits or 8 bits to indicate the missing RLC PDUs up to 16, or 256. This option is simple and is beneficial for the design of byte-aligned RLC status PDU format. However, it lacks of flexibility especially when the number of lost PDUs are far more or far less than the fixed range size. 

· Option 2: configured by the network
The gNB may configure the exact NACK_SN range field size per RLC entity from a set of candidate sizes. Compared with opiton1, it brings more system flexibility.  

· Option 3: dynamically indicated in the header
This option requires one bit in the RLC header to indicate the exact Range size used in the RLC status PDU. One example is given in Table I, 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_SN range field to a proper value based on its receiving window status, and thus has the highest flexibility. However, it may complex the byte-aligned RLC status PDU with not-fixed format. 
Table 1: Example of NACK_SN 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. As above three options hold their own pros and cons, we have the following proposal. 

Proposal 2: The NACK_SN range field size may be fixed in the specification, configured by the network, or dynamically indicated in the header. Further down selection is needed.
2.3 Indication of NACK_SN range field
If proposal 1 is agreed, it has to be indicated whether the NACK_SN range field is present in the format. Two options can be considered.

· Option 1: Introduce a new field.

A 1-bit field, i.e. E3 field, is introduced to indicate the presence of NACK_SN range field. The interpretation of the E3 field is provided in Table 2.
Table 2: E3 field interpretation

	Value
	Description

	0
	The NACK_SN field is not present in the following set of fields

	1
	The NACK_SN field is present in the following set of fields


· Option 2: Use CPT field 

One example is given in Table2, the CPT filed is enhanced to indicate whether the NACK_SN range field is included in the Status PDU. When CPT=000, the Status PDU is similar to the one in LTE system (note that byte-aligned is agreed in NR). When CPT=001, the NACK_SN range field is always included in the Status PDU. 
Table 3: CPT field interpretation

	Value
	Description

	000
	STATUS PDU without Range field

	001
	STATUS PDU with Range field

	010-111
	Reserved

(PDUs with this coding will be discarded by the receiving entity for this release of the protocol)


Option 2 needs the NACK_SN range field to be always inlcuded in the PDU and limits the reservation of CPT field for future use. Considering the flexibility of option 1, option 1 is preferred.

Proposal 3: Introduce a one-bit field to indicate the presence of the NACK_SN range field.
2.4 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. How to organize the RLC status report when the missing SN range contains SN for segments. Two cases should be considered.

· Case 1: One MAC PDU with one or two segments is missing.
In this case, the format has to indicate four situations as illustrated in Fig.1:

a) No segments, which means no need of SOstart field or SOend field. 

b) One segment which is located in the front of the MAC PDU.

c) One segment which is located at the end of the MAC PDU.

d) Two segments: one in the front and one at the end of the MAC PDU 


[image: image1.emf]Complete RLC PDUs Segment

Lost MAC PDU 2 

Complete RLC PDUs Segment

Lost MAC PDU 3 

Complete RLC PDUs Segment

Lost MAC PDU 4 

Segment

Only SOend field needed

Only SOstart field needed

SOstart field needed SOend field needed

Complete RLC PDUs

Lost MAC PDU 1 

Neither of SOend or 

SOstart field needed


Fig.1 Four cases about whether SOstart or SOend field is needed
To indicate the four situations, E2 field can be enhanced to 2 bits with the following functions:
Table 4: E2 field interpretation 
	Value
	Description

	00
	Neither of SOstart or SOend field exists

	01
	Only SOstart field exists and is for the first NACK_SN of the range

	10
	Only SOend field exists and is for the last NACK_SN of the range

	11
	Both SOstart field and SOend field exist. And if the range exists, the SOstart field is for the first NACK_SN of the range and the SOend field is for the last NACK_SN of the range.


With enhanced 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.  
Proposal 4: If the range contains segments, a two-bit field (E2 field) is used to indicate whether the SOstart and SOend field exist and the SOstart or/and SOend field is/are for which NACK_SN(s) of this range.
· Case 2: Two or more consecutive MAC PDUs with segments are missing and the segments belong to the same RLC SDU.
In this case, if the range contains all segments of the same RLC SDU, the status report will contain only one NACK_SN and no SOstart or SOend field for the missing segments. Then the complete RLC SDU will be retransmitted.

Proposal 5: If the missing range contains all segments of the same RLC SDU, the status report will contain the NACK_SN in the range, and no SOstart or SOend field is needed.
2.5 Other fields in the format

In LTE, an RLC status PDU may include D/C field, CPT field, ACK_SN field, E1 field, E2 field, NACK_SN field and SOstart field and SOend field. The detailed functions are specified in [4].
In NR, some fields are discussed above: 
· The NACK_SN field, NACK_SN range field, SOstart field and SOend field are used to indicate the lost RLC SDU or the lost SDU segments. 

· The E2 field is enhanced to indicate the presence of SOstart field and SOend field and the SOstart or/and SOend field is/are for which NACK_SN(s) of this range. 

· The E3 field is introduced to indicate the presence of NACK_SN range field.
Besides, some other fields can be reused in NR:

· The E1 field is used to indicate the presence of NACK_SN field in the following set of fields.
Table 5: E1 field interpretation

	Value
	Description

	0
	NACK_SN field is not present in the following set of fields.

	1
	NACK_SN field is present in the following set of fields.


· The CPT field indicates the type of the RLC control PDU.

· The D/C field indicates whether the RLC PDU is a RLC data PDU or RLC control PDU.
· The ACK_SN field indicates the SN of the next not received RLC Data PDU which is not reported as missing in the STATUS PDU.
Proposal 6: The E1 field, CPT field, D/C field and ACK_SN field are reused in NR. 
2.6 Detailed format design
In LTE, the format of RLC status report is showed in Fig. 2.
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Fig. 2: STATUS PDU with 16 bit SN and with 16 bit SOstart and SOend fields in LTE
In NR, when designing the formats, all the above proposals should be taken into consideration. According to [5], the RLC SN field should be aligned with PDCP SN field. And according to the RAN2#97bis agreements, 12bit SN and at least up to 18 bit SN are agreed in NR. Therefore we take 12 bit RLC SN as an example in the design. Besides, considering the large numbers of RLC PDUs multiplexed in one MAC PDU and in order to keep the byte aligned structure, the size of NACK_SN range field is set to one byte.  
According to the above analysis, a possible byte aligned format of RLC status report is showed in Fig. 3. 
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Fig. 3: STATUS PDU with 12 bit SN and with 16 bit SOstart and SOend fields in NR
Proposal 7: Consider all the above proposals when design the detailed RLC status PDU format and adopt the format designed above.
3   Conclusion
By discussing the format of RLC status report PDU, we have the following proposals:

Proposal 1: Use a NACK_SN range field and a NACK_SN field to indicate the consecutively missing SNs.

Proposal 2: The NACK_SN range field size may be fixed in the specification, configured by the network, or dynamically indicated in the header. Further down selection is needed.
Proposal 3: Introduce a one-bit field to indicate the presence of the NACK_SN range field.
Proposal 4: If the range contains segments, a two-bit field (E2 field) is used to indicate whether the SOstart and SOend field exist and the SOstart or/and SOend field is/are for which NACK_SN(s) of this range.
Proposal 5: If the missing range contains all segments of the same RLC SDU, the status report will contain the NACK_SN in the range, and no SOstart or SOend field is needed.

Proposal 6: The E1 field, CPT field, D/C field and ACK_SN field are reused in NR. 
Proposal 7: Consider all the above proposals when design the detailed RLC status PDU format and adopt the format designed above.
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