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1.	Introduction
In the RAN2#98 meeting, the following agreements were made for RLC STATUS PDU format. 
	Agreements:
· The SO field should be included in the last SDU segment as well as the middle SDU segment. 
· One SO size is supported for NR. SO field should be able to indicate the largest PDCP PDU size we intend to support.  
· NACK range field indicating the number of consecutively lost RLC SNs starting from and including NACK_SN.  
· FFS the number of bits required
· E3 indicates the presence of NACK range 
· Several NACK range fields can be included in the RLC Status PDU 
· The rest of the fields can follow LTE baseline



According to the above agreement, E3 bit is newly added to introduce NACK_SN range in a RLC STATUS PDU format and a couple of fields for RLC STATUS PDU will be fixed soon. Now we can talk about the more detailed RLC STATUS PDU format. In this contribution, we discuss on each field of RLC STATUS PDU and propose the RLC STATUS PDU format accordingly.

2.	Discussion
In LTE, E1 field indicates whether or not a set of NACK_SN, E1 and E2 follows. This implies that the NACK_SN field should be included to indicate every missing AMD PDU segment even though all missing AMD PDU segments come from a same AMD PDU. This means that same NACK_SN should be included multiple times to indicate each missing AMD PDU segment but actually this is unnecessary radio resource consumption. In figure 1, NACK_SN #10 is included twice in the STATUS PDU. 
Observation1.	In LTE, the E1 field definition may cause unnecessary radio resource consumption.

Extension bits are placed in the middle of a chuck of missing information as shown in figure 1. More specifically, extension bit fields are placed between NACK_SN field and SOstart field. And E1 field indicates whether or not a set of NACK_SN, E1 and E2 fields follow after the current chunk of missing information, i.e., E1 field is not about the current chunk of missing information. On the other hand, E2 field indicates whether or not the current chunk of missing information has SOstart and SOend fields. For example, in figure 1, the red dotted box has E1 and E2 fields, and E1 field is used to indicate a set of NACK_SN, E1 and E2 fields for the green dotted box, but E2 field is used to indicate SOstart and SOend fields inside of the red dotted box. 
Observation2.	In LTE, the E1 field indicates the next chunk of missing information but the E2 field indicates the current chunk of missing information in the STATUS PDU.

This different direction of indication by E1 and E2 fields makes the STATUS PDU have more complicated structure as shown in figure 1. We think that if E3 field is added for NACK_SN range field in NR, it will be even worse. However, if E1 and E2 fields are relocated at the front of each chunk of missing information and E1 field is redefined to indicate only whether or not NACK_SN field follows, the STATUS PDU would have more simple structure and easy to interpret compared with the current LTE STATUS PDU because every chunk of missing information starts with extension bit fields and these fields are only used for the same chuck of missing information. 
Proposal1. 	In STATUS PDU, Extension bit fields should be placed at the front of each chunk of missing information. 

Another weak point of the current definition for E1 field is that E1 field can be zero only if no more set of NACK_SN, E1 and E2 fields follows, i.e., zero of E1 can exist only once to indicate end of STATUS PDU with start of padding, if needed. However, if E1 field is redefined to indicate only whether or not NACK_SN field follows, zero of E1 can be used multiple times with not meaning of end of a STATUS PDU. 
If we redraw the figure 1 according to the above explanation, the figure 2 is achieved, i.e., the figure 1 and 2 contain totally same missing information. As shown in figure 2, one NACK_SN field can be omitted and it results in reducing the required bytes to describe same missing information compared to a STATUS PDU format in LTE.  
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Figure 1. The STATUS PDU format in LTE	   Figure 2. The suggested STATUS PDU format

In NR, same concerns are still remained with current E1 definition as explained above. Therefore, we think that E1 field should be redefined to give more flexibility to the STATUS PDU format. 
Proposal2. 	In NR, three extension bit fields, which are E1, E2, and E3, should be defined like below: 
- The E1 field indicates whether or not NACK_SN field follows;
- The E2 field indicates whether or not SOstart and SOend fields follow;
- The E3 field indicates whether or not NACK_SN range field follows.

Based on the above definition, the following combinations of extension bit fields can be used to indicate missing events. In case 2, only one NACK_SN is used to indicate all missing RLC SDU segments from one RLC SDU, i.e., the first missing information should have both NACK_SN field and SOstart/SOend fields but the following missing information only includes SOstart/SOend fields and does not need to have same NACK_SN field because E1=0 can indicate extended SOstart/SOend fields and refer to the latest NACK_SN field. 
In case 3 and 4, assuming that NACK_SN range is 6bits, if the number of consecutively missing RLC SDUs is bigger than 64, extended NACK_SN range fields can be added. The NACK_SN range field can be extended with E1=0 until all combined NACK_SN range can cover all missing RLC SDUs. Each extended NACK_SN range field is associated the latest NACK_SN field. In addition, if the missing starts from a RLC SDU segment and ends to a RLC SDU segment, the SOstart is used to indicate the start RLC SDU segment and the SOend is used to indicate the last RLC SDU segment and then NACK_SN range field is used to indicate all missing RLC SDUs as explained in [1, 2]. 

	
	E1
	E2
	E3
	Type

	Case 1
	1
	0
	0
	Only one complete RLC SDU

	Case 2
	1
	1
	0
	One RLC SDU segment of NACK_SN i

	
	0
	1
	0
	Another RLC SDU segment from NACK_SN i

	Case 3
	1
	0
	1
	Consecutive complete RLC SDUs

	
	0
	0
	1
	Extended NACK_SN range

	Case 4
	1
	1
	1
	Consecutive complete RLC SDUs with RLC SDU segments at the begin and end part

	
	0
	0
	1
	Extended NACK_SN range

	
	0
	0
	0
	Indicate end of STATUS PDU



Figure 3 shows how to configure a STATUS PDU with above all combinations when given following values of each field [3]:
- E1, E2, and E3 field: 1 bit;
- D/C field: 1 bit;
- CPT field: 3 bits
- ACK_SN: 12 bits or 18 bits; 
- NACK_SN: 12 bits or 18 bits;
- NACK_SN range: 6 bits;
- SOstart and SOend: 16bits.


Figure 3 STATUS PDU with 12 bit ACK_SN and 12 bit NACK_SN

3.	Conclusion
In this document, we discussed about detailed RLC PDU format and proposed followings: 
Observation1.	In LTE, the E1 field definition may cause unnecessary radio resource consumption.
Observation2.	In LTE, the E1 field indicates the next chunk of missing information but the E2 field indicates the current chunk of missing information in the STATUS PDU.
Proposal1. 	In STATUS PDU, Extension bit fields should be placed at the front of each chunk of missing information. 
Proposal2. 	In NR, three extension bit fields, which are E1, E2, and E3, should be defined like below: 
- The E1 field indicates whether or not NACK_SN field follows;
- The E2 field indicates whether or not SOstart and SOend fields follow;
- The E3 field indicates whether or not NACK_SN range field follows.
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