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1
Introduction

A new study item has been approved in [1]. 
This contribution discusses and proposes way forward of the following study topic.
4.4
Other enhancement or optimization
6
4.4.1
UE-AMBR coordination over X2
6
4.4.2
X2-UP flow control
6
More specifically, we propose standardization of enhanced X2 signalling for the purpose of flow control over X2 in case of split bearers.
2
Discussion

Beginning of Text Proposal
4.4.2
X2-UP flow control
4.4.2.1
UE throughput history information
Exchange of UE throughput history information between SeNB and MeNB can improve the packet scheduler performance in presence of split bearers, and consequently enhance the user throughput experience. Figure 1 and Figure 2 show the overall user throughput performance with different packet schedulers in case of split bearers: 
· Scheduling without exchange of history throughput information: The MeNB and the SeNB schedulers do not exchange UE/bearer history throughput information. Therefore the MeNB (SeNB) scheduler is not aware of the throughput being scheduled by the SeNB (MeNB) for one specific UE/split bearer.
· Scheduling with exchange of history throughput information: The MeNB and the SeNB schedulers periodically exchange history throughput information. In this case the MeNB (SeNB) scheduler is aware of the throughput being scheduled by the SeNB (MeNB) for one specific UE/split bearer and can take this information into account when allocating resources to the corresponding UE (as well as to other UEs).
In the simulations, it is assumed that only UEs with an RSRQ in the small cell frequency layer higher than -15 dB are configured with dual connectivity, resulting in approximately 90% of the UEs being configured with dual connectivity. The X2 latency is 5 ms, and the MeNB and the SeNB are assumed to exchange UE history throughput information every 50 ms.
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Figure 1: User throughput performance with different packet schedulers
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Figure 2: Throughput performance of users that are not configured with dual connectivity and assuming different packet schedulers.
As shown in Figure 1, exchange of UE throughput history information between SeNB and MeNB improves the UE throughput performance, especially for the 5%-ile user throughput. More specifically, Figure 2 shows how the user throughput of users that are not (or cannot be) configured with dual connectivity significantly improves when assuming exchange of UE throughput history information over X2. That is because without exchange of UE throughput history information users that are not (or cannot be) configured with dual connectivity gets a lower share of the radio resources overall available at both macro and small cell layer, which then results in a lower 5%-ile user throughput performance.
Observation 1: Exchanging UE throughput history information between SeNB and MeNB for split bearers can significantly improve the experienced user throughput, especially for users that are not (or cannot be) configured with dual connectivity.
Solution for UE throughput history information support

The straight forward of solutions is to introduce UE throughput history information in DL USER DATA and DL DATA DELIVERY STATUS defined in TS36.425. This parameter indicates the UE throughput history at eNB. This parameter is provided in a certain period with average UE throughput scheduled by the eNB only when there is data to be transmitted in the corresponding UE buffer (i.e. average user throughput should only be updated when there is data to be scheduled to the UE otherwise “zero” value is included).
5.5.2.1
DL USER DATA (PDU Type 0)

This frame format is defined to allow the SeNB to detect lost X2-U packets and is associated with the transfer of at least one Downlink PDCP PDU over the X2-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

	X2-U Sequence Number
	2

	UE Throughput History
	4

	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 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
	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 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 
	

	UE Throughput History
	4

	Spare extension
	0-4



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

4.4.2.2
Timestamp information
In case of GBR supported as a split bearer, the SeNB should know when the downlink data has arrived in PDCP of MeNB in order to enforce the delay target in the MAC-PS scheduler. Otherwise, it seems not possible to guarantee the delay target of GBR bearers. 
Observation 2: Timestamp information to indicate when the downlink data has arrived in PDCP of MeNB will help to support GBR split bearer.
Solution for timestamp information support

One solution is to introduce timestamp within the DL USER DATA (PDU Type 0) frame under assumption of synchronized network. As for the timestamp format itself, it could be set to below.
PDCP_SDU_arrival_time = 10*SFN + eSFN
End of Text Proposal
3
Conclusions
Observation 1: Exchanging UE throughput history information between SeNB and MeNB for split bearers can significantly improve the experienced user throughput, especially for users that are not (or cannot be) configured with dual connectivity.
Observation 2: Timestamp information to indicate when the downlink data has arrived in PDCP of MeNB will help to support GBR split bearer.

Proposal: As dual connectivity enhancements it is proposed to agree on TP provided in section 2 for the TR, and support signalling over X2-UP protocol of UE throughput history information and timestamp information.
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