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1
Introduction

At RAN3#85 discussions took place on the “Available buffer size” indication within the “DL DATA DELIVERY STATUS” PDU.

A Working Assumption has been taken to indicate both, a per-UE and a per-bearer indication. This WA is not challenged by this paper.

The main topic discussed was whether and how far the “Available buffer size” indication can be set (at SeNB) and interpreted (by the MeNB) in an implementation specific manner. This documents aim at discussing this open topic. 
As a further topic, the relation between the per-bearer and per-UE buffer size feedback is discussed.

2
Discussion

2.1
Basics of the agreed flow control mechanism

The flow control mechanism is based on two feedback items:

-
Highest successfully delivered PDCP Sequence Number
-
Available buffer size (considering the “per bearer” indication only for now)

Both feedback items help the MeNB to adjust the proper data flow over X2-U considering X2 backhaul delay, the currently available radio resources at the SeNB (i.e. the admittable data rate in the SCG).

In the optimum case, the user data flow matches exactly the queue characteristics.
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Figure: Principles of X2-U flow control mechanism for split bearers, a snapshot
The aim of the flow control mechanism is to

-
keep the admittable data-rate at the SeNB in balance with the queue properties, the X2 backhaul delay and available buffer space.
(By this, the maximum benefit in terms of aggregated throughput for the concerned E-RAB would be achieved.)

-
avoid congestion.
It is crucial to provide the MeNB with meaningful information in order to fulfil the aims of flow control.

The figure above depicts a snapshot of the X2-U data flow:

-
from an MeNB point of view
-
data is “in flight” from the last reported PDCP PDU SN (“LM”) up to that PDU that was sent over X2-U according to the feedback of the buffer available in the SeNB (“RM”)

-
there might be still data incoming from S1-U or already being buffered within the MeNB.

-
on the SeNB side, at the point in time the SeNB would deliver feedback of the current situation, 

-
the sequence number of the last successfully delivered PDCP PDU would be (“LS”), which, under normal operational conditions, has advanced compared to the sequence number within the last feedback frame.

-
data is buffered in the SeNB from “LS“ up to “HS”, whereas “HS“ corresponds to the sequence number of the PDCP PDU last received via X2-U.
-
“RS” corresponds to the place within the E-RAB specific SeNB buffer, up to which the SeNB wishes to receive data via X2-U in order to keep data transmission for the split bearer flowing, bearing in mind the basic aims of flow control mentioned above.

2.2
How much freedom would the involved eNBs have in setting / interpreting the buffer size feedback items?
2.2.1
Setting the per-bearer buffer size feedback at the SeNB
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Figure: DL buffer at SeNB for a specific E-RAB.

The Figure above depicts a data queue for an E-RAB at the SeNB: 

-
From the last PDCP PDU SN positively acknowledged, there are still PDCP PDUs in the buffer waiting for transmission.
-
Within the E-RAB specific buffer, there might be still room for receiving additional user data that would still match the radio resource situation at the SeNB, which is both, dependent on the UE’s radio conditions and on the SeNB’s willingness to provide resources to the UE.

-
Both items above give the total buffer space which corresponds to the current data rate the SeNB is able and willing to serve.

-
The Figure also shows the (dynamic) extendibility of the queue up to a theoretical maximum (which is quite implementation dependent). 

One might have observed that we tried to avoid the term “available” in the figure above, although this would be aligned with the current terminology used in the latest draft version of TS 36.425 [1]. But “available” could be confused with e.g. HW resources disposable for buffering in general without taking into account the momentary data flow situation of a certain E-RAB.

All these goals can only be achieved if the MeNB has an exact idea on how much additional data can be sent to the SeNB.
If the exact meaning of the available buffer space indication is not specified, the SeNB may set the feedback information differently, e.g.:

1.
The SeNB reports the “Total Buffer Space corresponding to the data-rate determined by the SeNB”, like depicted in the figure above

2.
The SeNB reports the “Additional Buffer Space corresponding to the data-rate determined by the SeNB” like depicted in the figure above

3.
The SeNB reports something (implementation specific) in between the two possibilities above.

4.
Some obscure implementations might even decide to report the theoretical available maximum buffer space.
Observation 1 There are several interpretations possible on how the SeNB could set the buffer size feedback if this is not clearly specified.

Observation 2 The way how the SeNB determines the buffer size feedback shall serve the goals of the flow control mechanism, i.e. balancing the admittable data-rate and the queue properties, avoiding congestion, achieving maximum possible throughput.

Observation 3 Using the term “available” for the buffer size feedback item might be misleading.

2.2.2
Interpreting the Available Buffer Size per Bearer at the MeNB
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Figure: receiving feedback at MeNB

How is the MeNB supposed to interpret the buffer space feedback in order to not destroy the sensitive balance necessary to achieve throughput aggregation gain?

If the semantics of the buffer size feedback are not specified, the MeNB wouldn’t know how to interpret the received data. The figure above shows two possibilities only – there exist more variants in interpreting the feedback.

Note that for the second alternative, the MeNB would need to estimate the last received PDU SN at the time the SeNB reported the additional buffer space, which requires some knowledge on the current backhaul characteristics.
As the MeNB and the SeNB could have implemented the semantics of the buffer size feedback differently it is important to clearly specify the meaning of the feedback items.

Observation 4 If the MeNB doesn’t know how to interpret the buffer size indication received from the SeNB wrong decisions may disturb the sensitive balance necessary for keeping the data of a split bearer flowing in an optimum way. Obviously there is no freedom at all in specifying the per-bearer feedback item.
Proposal 1 Specify the exact semantics of the per-bearer buffer size feedback indication.
2.2.3
Setting and interpreting the Available Buffer Size per UE at the SeNB and the MeNB
We should have the common understanding that the buffer size indication per UE only indirectly influences the split bearer data flow, meaning it only influences decisions at the MeNB on how to distribute data among the established (MCG/SCG/split) bearers. It should not have direct influence to the momentary split bearer data flow.
Proposal 2 The per-UE buffer size indication does not directly influence the momentary downlink data flow of split bearers.
2.3
Specifying the semantics of the feedback items

Out of the many possibilities to specify the per-bearer buffer size indication (see section 2.2.1 and 2.2.2) the most natural way would be to use data available and well interpretable within both eNBs. It would be also preferable to avoid ambiguities within our specifications to avoid the eNB to face uncertainties and perform “guesses”.
The possibility to introduce a definition of the per-bearer feedback item to count from the last reported PDCP PDU SN being successfully transmitted to the UE wouldn’t create any overhead and be a natural choice, as we already indicate it in the feedback frame.
Following Observation 3, we also tried to solve the ambiguity of the term “available buffer size” and propose the term “optimum buffer size”.
Proposal 3 It is proposed to change the specification text within the current draft TS 36.425 [1] as outlined in section 2.3.
Note: proposed changes highlighted in cyan.

<<<<<<<<<< Begin of Changes >>>>>>>>>>
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 SeNB to the MeNB to allow the MeNB to control the downlink user data flow via the SeNB for the respective E-RAB. The SeNB may also transfer uplink user data for the concerned E-RAB to the MeNB together with a DL DATA DELIVERY STATUS frame within the same GTP-U PDU.
When the SeNB 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 MeNB;

b)
the optimum  buffer size in bytes for the concerned E-RAB, counted from the first PDCP PDU after the one for which the sequence number is reported under a) above;


c)
the optimum buffer size in bytes for the UE, counted from the first PDCP PDU after the one for which the sequence number is reported as described under a) above for the concerned E-RAB and most recently reported for all other relevant E-RABs established for the UE;


d)
the X2-U packets that were declared as being "lost" by the SeNB and have not yet been reported to the MeNB within the DL DATA DELIVERY STATUS frame.

Editor’s Note:
It is FFS, whether the DL DATA DELIVERY STATUS frame should also include an indication that the frame is the last DL status report received in the course of bearer release. Relation of this topic to handling of release of UL X2-U bearer data is FFS as well.
The MeNB, when receiving the DL DATA DELIVERY STATUS frame: 

-
can 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.

-
decides to send further PDCP PDUs according to the feedback received on the optimum buffer size for the concerned E-RAB and the optimum buffer size for the UE.
After being reported to the MeNB, the SeNB removes the respective PDCP sequence numbers.

<<<<<<<<<< Next Change >>>>>>>>>>
5.5.2.2
DL DATA DELIVERY STATUS (PDU Type 1)

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

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=1)
	Spare
	Lost Packet Report
	1

	Highest successfully delivered PDCP Sequence Number
	2

	Optimum  buffer size for the E-RAB
	4

	Optimum  buffer size for the UE
	4

	Number of lost X2-U Sequence Number ranges reported
	1

	Start of lost X2-U Sequence Number range
	4* (Number of reported lost X2-u SN ranges)

	End of lost X2-U Sequence Number range 
	

	Spare extension
	0-4



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

<<<<<<<<<< Next Change >>>>>>>>>>
5.5.3.6
Optimum  buffer size for the E-RAB

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

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

Field length: 4 octets.

5.5.3.7
Optimum  buffer size for the UE

Description: This parameter indicates the optimum  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.

<<<<<<<<<< End of Changes >>>>>>>>>>
3
Proposal
Observation 1
There are several interpretations possible on how to set the buffer size feedback if this is not clearly specified.
Observation 2
The specific interpretation of the feedback shall serve the goals of the flow control mechanism, i.e. balancing the admittable data-rate and the queue properties, avoiding congestion, achieving maximum possible throughput.
Observation 3
Using the term “available” for the buffer size feedback item might be misleading.
Observation 4
If the MeNB doesn’t know how to interpret the buffer size indication received from the SeNB wrong decisions may disturb the sensitive balance necessary for keeping the data of a split bearer flowing in an optimum way. Obviously there is no freedom at all in specifying the per-bearer feedback item.


Proposal 1
Specify the exact semantics of the per-bearer buffer size feedback indication.
Proposal 2
The per UE buffer size indication does not directly influence the momentary downlink data flow of split bearers.
Proposal 3
It is proposed to change the specification text within the current draft TS 36.425 [1] as outlined in section 2.3.
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