
3GPP TSG-RAN WG2 Meeting #98                                                                      R2-1704260
Hangzhou, China, 15th - 19th May 2017	

Source:	CATT 
[bookmark: Title]Title:	NR RLC PDU format
[bookmark: Source]Agenda Item:	10.3.2.3
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
In the last RAN2#97bis meeting, the following agreements regarding to RLC PDU were reached [1]:
Agreements on RLC PDU format
-	NR RLC PDU and NR RLC PDU header should be byte-aligned.
-	NR RLC PDU will not include Length Indicator (LI) field.
-	NR RLC PDU will use 2-bits “FI-like” field to distinguish the complete RLC SDU, the first SDU segment, the middle SDU segment and the last SDU segment and SO field is needed just in the case of the middle SDU segment or the last SDU segment.  
-	NR RLC TMD PDU only consists of a Data field and does not consist of any RLC headers.
-  FFS if NR RLC UMD SDU should not include SN field and only NR RLC UMD SDU segment should carry SN field
-	NR RLC AMD PDU includes a 1-bit D/C field, 1-bit P field
-	RLC status report format is byte-aligned
-	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
In this contribution, we will discuss the detailed formats of RLC AM PDU, RLC UM PDU and RLC status PDU. And our proposals will be given accordingly.
Discussion
In the last RAN2#97bis meeting,  the length of PDCP SN was discussed, resulting in the following agreements:
-	PDCP SN length should be up to at least 18 bits (for data bearer). FFS if there are use cases in which larger value is needed and which value for AM/UM.
-	PDCP SN length 12 bits is supported for RLC UM and AM and for both DRB(s) and SRB(s).
In NR, PDCP PDU and RLC PDU are 1-to-1 mapping. Hence the length of RLC SN should also support at least 12 bits and 18 bits for RLC AM.
Proposal 1: RLC SN length 12 bits and 18 bits are supported for NR RLC AM.
In our other document [2], we discuss whether complete RLC UM PDU needs an SN and our conclusion is that it does not, resulting in a short UMD SN for segmented PDUs only.
Furthermore, in the last meeting, the agreements about jumbo frames were as follows:
-	NR should support jumbo frame (9KB)
-	FFS NR UE can support super jumbo frame (65KB) and is optional.
These jumbo frames will have impacts on SO length of RLC UM and AM. According to NR PDU organization procedure, the required SO length is decided by the maximum size of upper layer packets, e.g. 11 bits SO for 1.5Kbytes packets, 14 bits SO for 9Kbytes packets and 16 bits SO for 65Kbytes packet, which are shown in the following table.
	Packet size
	1.5 Kbytes (legacy)
	9 Kbytes (jumbo frame)
	65 Kbytes (super jumbo frame)

	Maximum SO length
	11 bits
	14 bits
	16 bits


From our understanding, the maximum packet size is related to network capability, UE capability and service types. Hence the maximum length of SO decided by maximum packet size can be semi-statically configured per DRB by RRC signaling.
Proposal 2: The maximum length of SO is per-DRB configured, e.g. 11 bits or 14 bits, or 16 bits.
The field of SO is optional, which is present only for middle segments or last segments. Hence SO field and mandatory RLC header fields can be separately byte-aligned. 
Proposal 3: The optional SO field and mandatory RLC header fields can be separately byte-aligned.
Whatever the maximum length of SO is, i.e. 11 bits, 14 bits or even 16 bits, it will need two-bytes header. But for some small packets or the segments closed to the beginning of a large PDU, a small SO length, e.g. 1 byte overhead, may be enough. Hence RLC header should support a dynamic SO length within the maximum range configuration. For example, with a configuration of maximum length of SO 14 bits, RLC transmitter can decide to use a long or short SO length according to current segmentation situation. And an explicit indicator (e.g. E field) is introduced to show which SO length is used in this PDU segment.
	

Figure 1 Short SO field
	

Figure 2 Long SO field



Proposal 4: NR RLC AM and UM should support two SO lengths within a specific maximum SO length configuration, i.e. a short 7 bits SO length and a long configured maximum SO length. And an explicit indicator is introduced to show which SO length is used in the current PDU segment.
In the following subsections, detailed PDU formats design will be discussed.
RLC AM PDU
The header of RLC AM PDU should include the following fields:
· D/C field – 1 bit;
· P field – 1 bit;
· FI field – 2 bits;
· SN field – 12 bits or 18 bits, semi-statically configured;
· SO field – 11 bits or 14 bits, maximum value is semi-statically configured.
Among them SN length and SO length are all related to the maximum data rate. When data rate is not high, 12bits SN length can be chosen and there is no need to support 14 bits SO length in this case. But when high date rate is needed and 18 bits SN length is chosen, according to the network capability, 14 bits SO length may not be supported. Hence for the case of 18 bits SN length, both 11 bits SO length and 14 bits SO length all need to support. In the following table, we list the combination of SN length and SO length and give our preference. 
	
	12 bits SN length
	18 bits SN length

	11 bits SO length
	Supported
	Supported

	14 bits SO length
	Not supported
	Supported



In the following figures we give the detailed AMD PDU format of different field lengths.

	

Figure 4 AMD PDU with 12 bit SN and 11 bit SO
	

Figure 5 AMD PDU with 18 bit SN and 11 bit SO

	No need to support AMD PDU with 12bit SN and 14 bit SO
	

Figure 6 AMD PDU with 18 bit SN and 14 bit SO




Proposal 5: NR RLC AMD PDU should support the above three formats: 
· 12 bit SN and 11 bit SO;
· 18 bit SN and 11 bit SO;
· [bookmark: _GoBack]18 bit SN and 14 bit SO. 
RLC Status PDU
In the last meeting, RAN2 agreed to introduce a new field “NACK SN range” in the status report format. Introducing a field of NACK_NUM is a simple way to indicate the number of continuous missing PDUs. And in the case of continuous missing RLC PDUs carried in one MAC PDU, if there are some segments, only the first PDU and the last PDU of the queue can be segmented. Furthermore the first PDU segment of the queue will be always last segment of original PDU and the last PDU segment of the queue will be always first segment of original PDU. Hence only use a pair of SOstart and SOend is also enough for the case of continuous missing PDUs. The following figure gives an example:


Figure 7 Continuous missing PDUs with segments
The length of NACK_NUM is decided by the maximum number of RLC PDUs in one MAC PDU. With the assumption that minimum RLC RTT can be 16ms or 32ms and window size equals to the half of SN space, when we use a 12-bit SN, we need a 6-7 bits NACK_NUM length and a 12-13bits NACK_NUM length for 18-bit SN size.


For RLC AM control PDU, status report may include the following fields: 
· D/C field: 1 bit;
· CPT field: 3 bits
· ACK_SN: 12 bits or 18 bits; 
· NACK_SN: 12 bits or 18 bits;
· NACK_NUM: 6 bits (for 12-bit SN) or 12 bits (for 18-bit SN);
· SOstart and SOend: 11bits or 14 bits. 
In the following figure gives an example of 12 bit SN and 11 bit SO. In the format, the E1 field indicates whether or not a set of NACK_SN, E1, E2 and E3 follows. The E2 field indicates whether or not a NACK_NUM field follows. The E3 field indicates whether or not a set of SOstart and SOend follows.


Figure 8 Status PDU Format with 12 bit SN and 11 bit SO
Proposal 6: NR RLC STATUS PDU should support a new field, NACK_NUM, to indicate the number of continuous missing PDU, which has the length of 6 bit for 12 bit SN and 12 bit for 18 bit SN.
Proposal 7: When NACK_NUM field is present, if needed there is only a set of SOstart and SOend to indicate start offset of first segment and end offset of last segment in the queue.

Conclusion
Based on the analysis in section 2, these are proposed:
Proposal 1: RLC SN length 12 bits and 18 bits are supported for NR RLC AM.
Proposal 2: The maximum length of SO is per-DRB configured, e.g. 11 bits or 14 bits, or 16 bits.
Proposal 3: The optional SO field and mandatory RLC header fields can be separately byte-aligned.
Proposal 4: NR RLC AM and UM should support two SO lengths within a specific maximum SO length configuration, i.e. a short 7 bits SO length and a long configured maximum SO length. And an explicit indicator is introduced to show which SO length is used in the current PDU segment.
Proposal 5: NR RLC AMD PDU should support the above three formats: 
· 12 bit SN and 11 bit SO;
· 18 bit SN and 11 bit SO;
· 18 bit SN and 14 bit SO. 
Proposal 6: NR RLC STATUS PDU should support a new field, NACK_NUM, to indicate the number of continuous missing PDU, which has the length of 6 bit for 12 bit SN and 12 bit for 18 bit SN.
Proposal 7: When NACK_NUM field is present, if needed there is only a set of SOstart and SOend to indicate start offset of first segment and end offset of last segment in the queue.
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