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1 Introduction

RAN3 has made the working assumption that per-bearer flow control is supported in Xw-UP [1]

 REF _Ref434326612 \r \h 
[2][4]. A skeleton for the new Xw-UP TS was agreed . The two open issues on flow control are currently:
1. Whether to use Xw SNs or PDCP SNs in flow control messages;

2. The detailed definition of parameters and messages.

In this paper we continue the discussion and propose a way forward for Xw flow control.

2 Discussion
2.1 Brief Summary of LWA Architecture
According to [5], LWA protocol architecture should be based on Rel-12 LTE Dual Connectivity (DC), with the WT taking the role of the SeNB (see Figure 1). In this architecture model, the role of the Xw interface is identical to the role of the X2 interface in DC.
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Figure 1 LWA architecture.

Observation 1: The role of Xw in LWA is identical to the role of X2 in DC.
It follows from the above that also for flow control, it seems appropriate to look at the DC case for similarities.

The role of flow control in DC was already discussed in [3], where it was observed that in order to reuse the same UP mechanisms as for DC, the WT needs to have knowledge of necessary input parameters to operate flow control like an SeNB does for DC, e.g. radio conditions, queue states, QoS parameters for all UEs served by its connected APs and possibly others.

With the current working assumptions to have QoS mapping in the WT and at least per-bearer flow control [2], most of the above is verified. 

Observation 2: In order to be able to reuse the same UP mechanisms as for DC, we only need to assume that the WT implementation has sufficient knowledge of necessary input parameters from the AP to operate flow control, like an SeNB does for DC.
2.2 Xw-UP General Aspects, Description, and Services
A side-by-side comparison of Xw UP and X2 UP general aspects was already presented in [3]. It seems now appropriate and in line with the WA to adopt the same general aspects for Xw. The same can be said for the UP protocol layer services: they are in line with the current WA and should be captured. A text proposal is given in Sec. 5.
2.3 Per-Bearer and Per-UE Flow Control in the WT

At the last meeting there was some offline discussion about per-bearer vs. per-UE flow control in the WT. Currently only per-bearer flow control is part of the working assumption.
It is worth noting that DC foresees to have both a per-bearer and a per-UE flow control operating simultaneously. As can be seen in TS 36.425 §5.4.2.1, the SeNB shall report the desired buffer size for the concerned E-RAB and the minimum desired buffer size in bytes for the UE.
Observation 3: It should be possible to implement a DC-like scheme that foresees to run a per-bearer and per-UE flow control simultaneously.
One obvious way to implement a per-UE-only flow control, i.e. without the need to implement a per-bearer flow control would be that the WT supports only a single bearer. Any WT ADDITION REQUEST message from the eNB containing more than one E-RAB would then be failed, and per-bearer flow control would trivially become per-UE flow control for that WT. Of course, in order to avoid failure cases, the eNB would need to avoid requesting multiple bearers to that WT. Notice that the same eNB could interoperate with different WT implementations at the same time, thereby retaining a good degree of flexibility.
Observation 4: With the current WA, it is possible for a WT implementation that only supports per-UE flow control to comply with per-bearer flow control by supporting a single bearer per UE.
Observation 5: With the current WA, it is even possible for an eNB to interwork with different WT implementations at the same time, including those that only support per-UE flow control.
We notice that in DC per-bearer mechanisms are currently “mitigated” with at least one per-UE mechanism [6]: the SeNB signals the currently desired minimum buffer size for a UE for all E-RABs.
We think it is beneficial to maintain such “mitigation” in Xw UP.

Proposal 1: Capture the Xw UP general aspects, description, and services as appropriate from the corresponding X2 UP sections.
2.4 Xw UP Elementary Procedures

Similarly to [6], the Xw UP should contain the following procedures:

1. Transfer of DL user data – to provide Xw-U specific SN information at the transfer of user data carrying a DL PDCP PDU from the eNB to the WT via the Xw-U interface;

2. DL data delivery status – to provide feedback from the WT to the eNB, allowing the eNB to control DL data flow via the WT for the specific E-RAB.

2.5 Sequence Numbers

Similarly to what is discussed above, it seems appropriate to reuse the same paradigm for sequence numbers as for X2 UP. 
Proposal 2: Capture the Xw UP elementary procedures from the corresponding X2 UP sections.

2.6 Frame Format, Coding, Further Details

It seems appropriate to reuse the same frame format, coding and other details for Xw UP as for X2 UP.

Proposal 3: Capture the Xw UP frame format, coding and other details from the corresponding X2 UP sections.
Proposal 4: Capture the text proposal in the appropriate sections of [6].
3 Observations and Proposals
Our observations and proposals are summarized below.
Observation 1: The role of Xw in LWA is identical to the role of X2 in DC.
Observation 2: In order to be able to reuse the same UP mechanisms as for DC, we only need to assume that the WT implementation has sufficient knowledge of necessary input parameters from the AP to operate flow control, like an SeNB does for DC.

Observation 3: It should be possible to implement a DC-like scheme that foresees to run a per-bearer and per-UE flow control simultaneously.
Observation 4: With the current WA, it is possible for a WT implementation that only supports per-UE flow control to comply with per-bearer flow control by supporting a single bearer per UE.
Observation 5: With the current WA, it is even possible for an eNB to interwork with different WT 

Proposal 1: Capture the Xw UP general aspects, description, and services as appropriate from the corresponding X2 UP sections.
Proposal 2: Capture the Xw UP elementary procedures from the corresponding X2 UP sections.

Proposal 3: Capture the Xw UP frame format, coding and other details from the corresponding X2 UP sections.
Proposal 4: Capture the text proposal in the appropriate sections of [6].
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5 Text Proposal

START OF CHANGE
4.1
General Aspects

The Xw user plane (Xw UP) protocol is located in the User Plane of the Radio Network layer over the Xw interface.

The Xw UP protocol is used to convey control information related to the user data flow management of E-RABs.

Each Xw UP protocol instance is associated to one E-RAB only.

This version of the present document defines the Xw UP protocol in the context of LTE-WLAN aggregation; more specifically, for an Xw user data bearer corresponding to an E-RAB.

Xw UP protocol instances exist at an eNB and a WT between which the Xw user data bearers are set up for LTE-WLAN aggregation.

In this version of the present document, Xw UP protocol data is conveyed by GTP-U protocol means, more specifically, by means of the "RAN Container" GTP-U extension header as defined in TS 29.281 [3].
NEXT CHANGE
5.1
General

The Xw UP protocol layer is using services of the transport network layer in order to allow flow control of user data packets transferred over the Xw interface.

5.2
Xw User Plane Protocol Layer Services
The following functions are provided by the Xw UP protocol:

-
Provision of Xw UP specific sequence number information for user data transferred from the eNB to the WT for a specific E-RAB;

-
Information of successful in sequence delivery of PDCP PDUs to the UE from WT for user data associated with a specific E-RAB;

-
Information of PDCP PDUs that were not delivered to the UE;

-
Information of the currently desired buffer size at the WT for transmitting to the UE user data associated with a specific E-RAB;

-
Information of the currently minimum desired buffer size at the WT for transmitting to the UE user data associated with all E-RABs.

5.3
Services Expected from the Xw Transport Network Layer

The Xw user plane protocol layer expects the following services from the Transport Network Layer:

-
Transfer of user data.
5.4
Elementary procedures

5.4.1
Transfer of Downlink User Data

5.4.1.1
Successful operation

The purpose of the Transfer of Downlink User Data procedure is to provide Xw-U specific sequence number information at the transfer of user data carrying a DL PDCP PDU from the eNB to the WT via the Xw-U interface.

An Xw user plane instance making use of the Transfer of Downlink User Data procedure is associated to a single E-RAB only. The Transfer of Downlink User Data procedure is invoked whenever user data for that particular E-RAB needs to be sent across the Xw-U interface.

The eNB shall assign consecutive Xw-U sequence numbers to each transferred Xw-U packet.

The SeNB shall detect whether an Xw-U packet was lost and memorize the respective sequence number after it has declared the respective Xw-U packet as being "lost".

The WT shall transfer the remaining PDCP PDUs towards the UE and memorize the highest PDCP PDU sequence number of the PDCP PDU that was successfully delivered in sequence towards the UE.

NOTE:
The Transfer of Downlink User Data procedure and the associated feedback of lost Xw-U packets assist the eNB in avoiding PDCP HFN de-synchronisation. If an E-UTRAN deployment decides to not use the Transfer of Downlink User Data procedure, PDCP HFN synchronization should be ensured by other means.
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Figure 5.4.1.1-1: Successful Transfer of Downlink User Data

5.4.1.2
Unsuccessful operation

Void.

5.4.2
Downlink Data Delivery Status

5.4.2.1
Successful operation

The purpose of the Downlink Data Delivery Status procedure is to provide feedback from the WT to the eNB to allow the eNB to control the downlink user data flow via the WT for the respective E-RAB. The WT may also transfer uplink user data for the concerned E-RAB to the eNB together with a DL DATA DELIVERY STATUS frame within the same GTP-U PDU.

When the WT decides to trigger the Feedback for Downlink Data Delivery procedure it shall report:

a)
the highest PDCP PDU sequence number successfully delivered in sequence to the UE among those PDCP PDUs received from the eNB;

b)
the desired buffer size in bytes for the concerned E-RAB;

c)
the minimum desired buffer size in bytes for the UE;

d)
the Xw-U packets that were declared as being "lost" by the WT and have not yet been reported to the eNB within the DL DATA DELIVERY STATUS frame.

NOTE:
If an E-UTRAN deployment has decided not to use the Transfer of Downlink User Data procedure, d) above is not applicable.
The DL DATA DELIVERY STATUS frame shall also include an indication whether the frame is the last DL status report received in the course of releasing a bearer from the WT. When receiving such indication, if applicable, the eNB considers that no more UL data is to be expected from the WT.

The eNB, when receiving the DL DATA DELIVERY STATUS frame:

-
regards the desired buffer size under b) and c) above as the amount of data desired from the WT being declared

-
from the PDCP sequence number reported under a) above within the same frame, as well as from the most recently reported PDCP sequence number(s) of all other E-RABs established for the UE;

-
as the momentary desired buffer sizes, independent of buffer sizes indicated in the past.
-
is allowed to remove the buffered PDCP PDUs according to the feedback of successfully delivered PDCP PDUs;

-
decides upon the actions necessary to take for PDCP PDUs reported other than successfully delivered.

After being reported to the eNB, the WT removes the respective PDCP sequence numbers.
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Figure 5.4.2.1-1: Successful Downlink Data Delivery Status

5.4.2.2
Unsuccessful operation

Void.

5.5
Elements for the Xw user plane protocol

5.5.1
General

In the present document the structure of frames are specified by using figures similar to figure 5.5.1-1.

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	Field 1
	Field 2
	1
	Octet 1

	Field 3
	Field 4
	2
	Octet 2

	Field 4 continue
	Spare
	
	Octet 3

	Field 6
	2
	Octet 4

Octet 5

	Field 6 continue
	Padding
	
	

	Spare extension
	0-m
	



Figure 5.5.1-1: Example frame format

Unless otherwise indicated, fields which consist of multiple bits within an octet have the most significant bit located at the higher bit position (indicated above frame in figure 5.5.1-1). In addition, if a field spans several octets, most significant bits are located in lower numbered octets (right of frame in figure 5.5.1-1).

On the Xw interface, the frame is transmitted starting from the lowest numbered octet. Within each octet, the bits are sent according decreasing bit position (bit position 7 first).

Spare bits should be set to "0" by the sender and should not be checked by the receiver.

The header part of the frame is always an integer number of octets. The payload part is octet aligned (by adding 'Padding' when needed).

The receiver should be able to remove an additional spare extension field that may be present at the end of a frame. 
See description of Spare extension field.

5.5.2
Frame format for the Xw user plane protocol

5.5.2.1
DL USER DATA (PDU Type 0)

This frame format is defined to allow the WT to detect lost Xw-U packets and is associated with the transfer of a Downlink PDCP PDU over the Xw-U interface.

The following shows the respective DL USER DATA frame.

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=0)
	spare
	1

	Xw-U Sequence Number
	2

	
	

	Spare extension
	0-4



Figure 5.5.2.1-1: DL USER DATA (PDU Type 0) Format

5.5.2.2
DL DATA DELIVERY STATUS (PDU Type 1)

This frame format is defined to transfer feedback to allow the receiving eNB to control the downlink user data flow via the WT.

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=1)
	Spare
	Final Frame Ind.
	Lost Packet Report
	1

	Highest successfully delivered PDCP Sequence Number
	2

	Desired buffer size for the E-RAB
	4

	Minimum desired buffer size for the UE
	4

	Number of lost Xw-U Sequence Number ranges reported
	1

	Start of lost Xw-U Sequence Number range
	4* (Number of reported lost Xw-U SN ranges)

	End of lost Xw-U Sequence Number range 
	

	Spare extension
	0-4



Figure 5.5.2.2-1: DL DATA DELIVERY STATUS (PDU Type 1) Format

5.5.3
Coding of information elements in frames

5.5.3.1
PDU Type

Description: The PDU Type indicates the structure of the Xw UP frame. The field takes the value of the PDU Type it identifies; i.e. "0" for PDU Type 0. The PDU type is in bit 4 to bit 7 in the first octet of the frame.

Value range: {0=DL USER DATA, 1=DL DATA DELIVERY STATUS, 2-15=reserved for future PDU type extensions}

Field length: 4 bits

5.5.3.2
Spare

Description: The spare field is set to "0" by the sender and should not be interpreted by the receiver. This field is reserved for later versions.
Value range: (0–2n-1).

Field Length: n bits.

5.5.3.3
Xw-U Sequence Number

Description: This parameter indicates the X2-U sequence number as assigned by the respective eNB.
Value range: {0..216-1}.

Field length: 2 octets.

5.5.3.4
Lost Packet Report

Description: This parameter indicates the presence of a list of lost Xw-U packets in the respective X2 UP frame.

Value range: {0=Lost Frame List not present, 1=Lost Frame List present}.

Field length: 1 bit.

5.5.3.5
Final Frame Indication

Description: This parameter indicates whether the frame is the last DL status report as described in clause 5.4.2.1.

Value range: {0=Frame is not final, 1= Frame is final}.

Field length: 1 bit.

5.5.3.6
Highest successfully delivered PDCP Sequence Number

Description: This parameter indicates feedback about the in-sequence delivery status of PDCP PDUs at the WT towards the UE.

Value range: {0..215-1}.

Field length: 2 octets.

5.5.3.7
Desired buffer size for the E-RAB

Description: This parameter indicates the desired buffer size for the concerned E-RAB as specified in clause 5.4.2.1.

Value range: {0..232-1}.

Field length: 4 octets.

5.5.3.8
Minimum desired buffer size for the UE

Description: This parameter indicates the minimum desired buffer size for all E-RABs established for the UE as specified in clause 5.4.2.1.

Value range: {0..232-1}.

Field length: 4 octets.

5.5.3.9
Number of lost Xw-U Sequence Number ranges reported

Description: This parameter indicates the number of Xw-U Sequence Number ranges reported to be lost.

Value range: {1..256}.

Field length: 1 octet.

5.5.3.10
Start of lost Xw-U Sequence Number range

Description: This parameter indicates the start of an Xw-U sequence number range.
Value range: {0..216-1}.

Field length: 2 octets.

5.5.3.11
End of lost Xw-U Sequence Number range

Description: This parameter indicates the end of an Xw-U sequence number range.
Value range: {0..216-1}.

Field length: 2 octets.

5.5.3.12
Spare extension

Description: The spare extension field shall not be sent. The receiver should be capable of receiving a spare extension. The spare extension should not be interpreted by the receiver, since in later versions of the present document additional new fields might be added in place of the spare extension. The spare extension can be an integer number of octets carrying new fields or additional information; the maximum length of the spare extension field (m) depends on the PDU type.

Value range: 0–2m*8-1.

Field Length: 0–m octets. For the PDU Types defined in the present document m=4.

5.5.4
Timers

Not applicable.

5.6
Handling of unknown, unforeseen and erroneous protocol data

Void.

END OF CHANGES
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