3GPP TSG RAN WG3 Meeting #98
R3-174639
Reno, Nevada, USA, November 27 – December 1, 2017
Agenda item:

10.8.3.1
Source:
Intel Corporation
Title:
Unified and Flexible Flow Control
Document for:

Discussion and Decision
1
Introduction

This contribution proposes a unified and flexible user plane protocol structure, which can support flow control procedures on multiple interface and can be easily extended to new interfaces and new functionalities.
2

Discussion

There has been significant RAN3 efforts to define and enhance flow control (FC) mechanisms: started over X2 interface, then extended to Xw (used for LWA), and recently having been discussed for Xn and F1 interfaces. It is also likely to be introduced for V1 interface and potentially other features in the future, e.g. NR/non-3GPP interworking. From the high level principle that RAN3 has agreed: “Same FC mechanism and procedures in F1, X2, Xn; possible enhancements for F1-U are not precluded”, it is clear that flow control mechanisms are supported on multiple interfaces, with significant commonality between them and largely semantical differences ([1], [2], [3] and [4]).

As we can see, flow control solutions have evolved and are likely to continue evolving in the future. But the current frame structures are observed to be quite rigid, not easy to be extended. For example, we have defined whole separate frames for different PDCP SN lengths (e.g. DDDS and DDDS Extended), even if other non-PDCP-related information are kept the same. And there is no well-defined mechanism to signal optional presence of a certain information. Optional information elements are always present even if they carry no information and their optionality is indicated using separate bits. Since spare bits space is limited, as the number of optional information elements keep increasing as the system evolves, it is likely to be exhausted eventually. 

Therefore, it is beneficial to consider a unified and flexible user plane protocol structure which can support FC in any interface and can be easily extended to new functionalities. Moreover, this new approach is better to be considered before the first NR freeze of multiple different interfaces.
Observation 1: It is beneficial to consider a unified and flexible protocol structure which can support FC in any interface and can be easily extended to new functionalities in the future.

Observation 2: Such new approach is better to be considered before the first NR freeze.
Proposal 1: For FC, RAN3 to work on a new interface-agnostic and easy-to-extend user plane protocol structure.

2.1
Alternative A:  Type-Length-Value approach

We believe that the Type-Length-Value (TLV) (also known as tag-length-value) approach can serve our purpose, where a message (i.e. frame) can be constructed by a sequence of type-length-value triples for each information included. There are clearly several advantages with this new approach:

·  A message can be constructed by including only necessary information (defined per type basis), thus flexibility and optional presence are easily achieved.  

·  A type can be defined to be used for all or some interfaces, or exclusively for one interface (enabling interface-specific enhancement).

·  A length and a value can be optimized per type basis. A length or a value can be omitted for a certain type. Moreover, a length does not have to indicate the actual length of a value that follows. It can be defined to represent a set of different lengths for the value (e.g. with 1-bit length, 0 = 2 Octets and 1 = 3 Octets). 

·   It facilitates backwards compatibility, as older nodes can easily ignore unknown type.

The exemplary TLV format supporting the latest FC enhancements is shown below, where the constructed message is assumed to be always bytes aligned by zero padding at the end:

	Type
	Length
	Value Length
	Semantic description

	Name
	ID (4 bits)
	
	
	

	NG-RAN-U Sequence Number
	0 (0000)


	1 bit:

0 = 2 Octets;

1 = 3 Octets;
	OCTET STRING (2) or 

OCTET STRING (3)
	SN = 0 to 2^Value Length-1;

Applicable to any interface;

	Final Frame Indicator
	1 (0001)
	None
	None
	Final Frame if present

	Highest successfully delivered PDCP SN
	2 (0010)
	None
	Either BIT STRING (12) or BIT STRING (15) or BIT STRING (18) or others
	SN = 0 to 2^Value Length-1;

Value Length depending on the concerned data bearer of the respective NG-RAN-U message;

	Desired buffer size for the data bearer
	3 (0011)
	1 bit:

0 = 3 Octets;

1 = 4 Octets;
	OCTET STRING (3) or 

OCTET STRING (4)
	Buffer Size = 0 to 2^Value Length-1;

	Minimum desired buffer size for the UE
	4 (0100)
	1 bit:

0 = 3 Octets;

1 = 4 Octets;
	OCTET STRING (3) or 

OCTET STRING (4)
	Buffer Size = 0 to 2^Value Length-1;

	Lost NG-RAN-U Sequence Number List
	5 (0101)
	None
	OCTET STRING (1)
	Applicable to any interface;
Indicates number of Lost NG-RAN-U Sequence Number ranges reported if present;

Number =  1 to 2^Value Length;

	Start of lost NG-RAN-U Sequence Number range
	None
	1 bit:

0 = 2 Octets;

1 = 3 Octets;
	OCTET STRING (2) or 

OCTET STRING (3)
	SN = 0 to 2^Value Length-1;

Can be included only if Lost NG-RAN-U Sequence Number List present;

	End of lost NG-RAN-U Sequence Number range
	None
	1 bit:

0 = 2 Octets;

1 = 3 Octets;
	OCTET STRING (2) or 

OCTET STRING (3)
	SN = 0 to 2^Value Length-1;

Can be included only if Lost NG-RAN-U Sequence Number List present;

	Highest transmitted PDCP SN
	6 (0110)
	None
	Either BIT STRING (12) or BIT STRING (15) or BIT STRING (18) or others
	SN = 0 to 2^Value Length-1;

Value Length depending on the concerned data bearer of the respective NG-RAN-U message;

	Report polling
	7 (0111)
	None
	None
	Report triggered if present

	Spare
	9-15
	
	
	


Table 1. The exemplary Type-Length-Value format

Based on Table 1, we can observe that a message for DL User Data frames or DDDS frames in any UP interface specifications can be simply constructed by putting the related types together. For example, a DL User Data frame can be constructed by putting Type-0 and/or Type-7 together. For ease of exposition, the following Table 2 shows the comparisons between a typical DL User Data frame with 2-Octet and 3-Octet NG-RAN-U sequence numbers (left) and the ones represented by the TLV format in Table 1 (right):

	Bits

	Octets


	7

	6

	5

	4

	3

	2

	1

	0

	
	PDU Type (=0)

	spare

	RP=0

	1


	NG-RAN-U Sequence Number

	2


		3



	
	Bits

Octets

7

6

5

4

3

2

1

0

0

0

0

0

0

1

NG-RAN-U Sequence Number

2

PAD

3




	Bits

	Octets


	7

	6

	5

	4

	3

	2

	1

	0

	
	PDU Type (=3)

	spare

	RP=1

	1


	NG-RAN-U Sequence Number

	2


		3


		4



	
	Bits

Octets

7

6

5

4

3

2

1

0

0

1

1

1

0

0

0

0

1

1

2

NG-RAN-U Sequence Number

3

4

PAD

5




Table 2. Comparison between the existing DL User Data frame and the new TLV structure based on Table 1

Another exemplary TLV format, which is more tailored to the existing frame structures, is also shown in Appendix A. 

2.1
Alternative B:  ASN.1 approach

ASN.1 can also be considered as an alternative solution. This is perhaps the most extreme approach, however, feasible as it has been agreed that all relevant NG-RAN network nodes need to support ASN.1 functionality. The exemplary tabular ASN.1 format supporting the latest FC enhancements is shown. 

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	Enumerated (DL User Data, DDDS, …)
	Whether the message is DL User Data or DDDS
	YES
	reject

	NG-RAN-U Sequence Number
	O
	
	Octet String

(see below)
	NG-RAN-U sequence number assigned
	
	

	Final Frame Indicator
	O
	
	Trigger

(see below)
	Final Frame if present
	YES
	reject

	Highest successfully delivered PDCP SN
	O
	
	PDCP SN Length
(see below)
	Feedback about the in-sequence delivery status of PDCP PDUs at the node transmitting this message towards the UE
	YES
	reject

	Desired buffer size for the data bearer
	O
	
	Octet String
(see below)
	Desired buffer size for the concerned bearer
	YES
	reject

	Minimum desired buffer size for the UE
	O
	
	Octet String
(see below)
	Minimum desired buffer size for all bearers established for the UE
	YES
	reject

	Lost NG-RAN-U Sequence Number List
	O
	1..
<maxnoofLostNGRANUlist>
	
	Number of NG-RAN-U Sequence Number ranges reported to be lost
	YES
	reject

	  >Lost NG-RAN-U Sequence Number Range Item
	
	
	
	
	EACH
	reject

	  >>Start
	M
	
	Octet String

(see below)
	Start of an NG-RAN-U sequence number range
	
	

	  >>End
	M
	
	Octet String

(see below)
	End of an NG-RAN-U sequence number range
	
	

	Highest transmitted PDCP SN
	O
	
	PDCP SN Length

(see below)
	Feedback about PDCP PDUs transferred to RLC at the node transmitting this message
	YES
	reject

	Report polling
	O
	
	Triggered

(see below)
	Report triggered if present
	YES
	reject


with the following IE references:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE Octet String
	M
	
	
	

	>2 Octets
	M
	
	OCTET STRING (2)
	

	>3 Octets
	M
	
	OCTET STRING (3)
	

	>4 Octets
	M
	
	OCTET STRING (4)
	

	Trigger
	M
	
	ENUMERATED (Set, ...)
	

	CHOICE PDCP SN Length
	M
	
	
	

	>12 Bits
	M
	
	BIT STRING (12)
	

	>15 Bits
	M
	
	BIT STRING (15)
	

	>18 Bits
	M
	
	BIT STRING (18)
	


Table 3. The exemplary ASN.1 format

Proposal 2: RAN3 to adopt Type-Length-Value (TLV) or ASN.1 approach for unified and flexible flow control.

3

Conclusions and proposals

In the present contribution we make the following observations:

Observation 1: It is beneficial to consider a unified and flexible protocol structure which can support FC in any interface and can be easily extended to new functionalities in the future.

Observation 2: Such new approach is better to be considered before the first NR freeze.
Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: For FC, RAN3 to work on a new interface-agnostic and easy-to-extend user plane protocol structure.
Proposal 2: RAN3 to adopt Type-Length-Value (TLV) or ASN.1 approach for unified and flexible flow control.
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Appendix A

In addition to the advantages described in Section 2.1 above, the Type-Length-Value (TLV) format can also be defined to support more flexible and hierarchical structure based on the followings:
·  A type can be defined to be nested under a certain type.

·  A type can be defined to immediately follow after a certain type if the presence is always with that type. 

·  A type can be defined to be always in the start of a message.
This further enables us to design a user plane protocol structure to be more tailored to the existing frames as follows:
	Type
	Length
	Value Length
	Semantic description

	Name
	ID
	
	
	

	Frame Type (FT)
	None
	None
	BIT STRING (3)
	FT = 0 to 2^Value Length-1;

Always in the starting position;
000 = DL User Data;

001 = DDDS;

Spare for others

	NG-RAN-U Sequence Number
	00 (2-bit) 

if FT=000
	1 bit:

0 = 2 Octets;

1 = 3 Octets;
	OCTET STRING (2) or 

OCTET STRING (3)
	SN = 0 to 2^Value Length-1;

Can be included only if FT=000

	Final Frame Indicator
	None
	None
	BIT STRING (1)
	Immediately follows after FT=001 (DDDS);

0 = Not Final Frame;

1 = Final Frame

	Highest successfully delivered PDCP SN
	000 (3-bit)

if FT=001
	None
	Either BIT STRING (12) or BIT STRING (15) or BIT STRING (18) or others
	SN = 0 to 2^Value Length-1;

Value Length depending on the concerned data bearer of the respective NG-RAN-U message; 

Can be included only if FT=001;

	Desired buffer size for the data bearer
	001 (3-bit)

if FT=001
	1 bit:

0 = 3 Octets;

1 = 4 Octets;
	OCTET STRING (3) or 

OCTET STRING (4)
	Buffer Size = 0 to 2^Value Length-1;

Can be included only if FT=001;

	Minimum desired buffer size for the UE
	010 (3-bit)

if FT=001
	1 bit:

0 = 3 Octets;

1 = 4 Octets;
	OCTET STRING (3) or 

OCTET STRING (4)
	Buffer Size = 0 to 2^Value Length-1;

Can be included only if FT=001;

	Lost NG-RAN-U Sequence Number List
	011 (3-bit)

if FT=001
	None
	OCTET STRING (1)
	Indicates number of Lost NG-RAN-U Sequence Number ranges reported if present;
Number =  1 to 2^Value Length;

Can be included only if FT=001;

	Start of lost NG-RAN-U Sequence Number range
	None
	1 bit:

0 = 2 Octets;

1 = 3 Octets;
	OCTET STRING (2) or 

OCTET STRING (3)
	SN = 0 to 2^Value Length-1;

Can be included only if Lost NG-RAN-U Sequence Number List present;

	End of lost NG-RAN-U Sequence Number range
	None
	1 bit:

0 = 2 Octets;

1 = 3 Octets;
	OCTET STRING (2) or 

OCTET STRING (3)
	SN = 0 to 2^Value Length-1;

Can be included only if Lost NG-RAN-U Sequence Number List present;

	Highest transmitted PDCP SN
	100 (3-bit)

if FT=001
	None
	Either BIT STRING (12) or BIT STRING (15) or BIT STRING (18) or others
	SN = 0 to 2^Value Length-1;

Value Length depending on the concerned data bearer of the respective NG-RAN-U message;

Can be included only if FT=001;

	Report polling
	None
	None
	BIT STRING (1)
	Immediately follows after FT=000 (DL User Data); 

0 = Report polling not triggered;

1 = Report polling triggered;

	Spare
	00, 01, 10 if FT=000;  101, 110, 111 if FT=001;

FT = 010, 011, 100, 101, 110, 111;


Table 4. Another exemplary Type-Length-Value format

For example, a typical DL User Data with 2-Octet and 3-Octet NG-RAN-U sequence numbers (left) can be represented by the TLV format in Table 4 (right) as follows:

	Bits

	Number of Octets


	7

	6

	5

	4

	3

	2

	1

	0

	
	PDU Type (=0)

	spare

	RP=0

	1


	NG-RAN-U Sequence Number

	2


		3



	
	Bits

Number of Octets

7

6

5

4

3

2

1

0

0

0

0

0

0

0

0

1

NG-RAN-U Sequence Number

2

PAD

3




	Bits

	Number of Octets


	7

	6

	5

	4

	3

	2

	1

	0

	
	PDU Type (=0)

	spare

	RP=1

	1


	NG-RAN-U Sequence Number

	2


		3


		4



	
	Bits

Number of Octets

7

6

5

4

3

2

1

0

0

0

0

1

0

0

1

1

NG-RAN-U Sequence Number

2

3

PAD

4




Table 5. Comparison between the existing DL User Data frame and the new TLV structure based on Table 4
