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1	Introduction
In RAN3 NR AH#2, many proposals for enhancing X2-UP flow control for LTE-NR dual connectivity were contributed [1-6]. And due to time limitation, only some of proposals were discussed well and following principle was agreed [7].
“Same FC mechanism and procedures in F1, X2, Xn; possible enhancements for F1-U are not precluded”
So, further detailed discussions on these flow control enhancements are expected in this RAN3#97 meeting. In this contribution, potential issues of LTE dual connectivity flow control and possible enhancements to resolve those issues are explained reviewing proposals in RAN3 NR AH#2 by updating [1].
NOTE: This contribution is submitted to Agenda Item 10.8 as it relates to all LTE-NR DC, but this contribution is also applicable to F1 and in that sense would also belong to AI 10.10.1based on the above agreement.
NOTE: following terminology is assumed in this contribution considering last RAN3 discussion
· Splitting node: MN on MCG split bearer and SN on SCG split bearer
· Anchor node: SN on MCG split bearer and MN on SCG split bearer
2	Discussion
2.1 		Issues and enhancements in previous contribution [1]
Following issues and enhancements were proposed in [1]
“Proposal 1: RAN3 is requested to confirm the following potential issues with respect to LTE DC flow control, for which it might be beneficial to consider possible enhancements for:
	Issue 1-1: DDDS feedback timing is up to SeNB’s implementation.
	Issue 1-2: Updating frequency of Acked PDCP PDUs is limited by RLC-ACK reception rate from UE
	Issue 2: Delay until first flow control packet
	Issue 3: Small packets
	Issue 4: Definition of “Desired buffer size” is ambiguous
Proposal 2:  Provided that RAN3 confirms the potential issues (Issues 1-4), RAN3 is requested to discuss possible enhancements for flow control including the followings:
	Enhancement 1: Defining triggers for flow control feedback (addresses Issue 1-1)
	Enhancement 2: Define DDDS based on Transmitted PDCP PDUs (addresses Issue 1-2)
	Enhancement 3: Define information exchange for “achievable throughput” (or parameters to derive it) over C-plane messages (addresses Issues 2&3)”
However, reviewing proposals in RAN3 NR AH#2, we see further potential issues to be addressed. In next section, potential issues are listed.
NOTE: “DDDS” is “DL DATA DELIVERY STATUS” defined in TS 36.425.

2.2 		Potential issues of LTE dual connectivity flow control
LTE dual connectivity defines DDDS, which contains Acked PDCP PDUs and Desired buffer size for the bearer / UE, as the feedback information for X2-UP flow control [8]. However, there are the potential issues shown in table 1 to the LTE dual connectivity flow control mechanism, which may limit performance and therefore might be beneficial to consider enhancements:
Table 1 Potential issues of LTE dual connectivity flow control
	Issue
Number
	Issue
	Detail
	Related 
Tdocs

	1
	Feedback timing of DDDS is left up to implementation of anchor node
	Both may lead to sub-optimal flow control tracking during active data transmissions, especially when throughput variations are large (e.g. due to channel quality and/or cell traffic dynamicity).
	[1-6]

	2
	Updating frequency of “Highest successfully delivered PDCP Sequence Number” in DDDS is limited by RLC-ACKing rate
	
	[1], [6]

	3
	Feedback of first DDDS at (re)start of data transmissions might be too slow
	With DDDS feedback using Acked PDCP PDUs, it could take time until the first flow control packet is received. This may lead to sub-optimal flow control at the (re)start of data transmissions.
	[1], [6]

	4
	“Highest successfully delivered PDCP Sequence Number” in DDDS is not enough to estimate “achievable throughput” when packet sizes are small
	With DDDS feedback using Acked PDCP PDUs, achievable throughput cannot be obtained when packet sizes of the data transferred in the past are small (throughput estimation will be limited by packet size).
	[1]

	5
	“Desired buffer size” in DDDS is not clearly defined
	The definition of “desired buffer size” is ambiguous.
	[1]

	6
	DDDS currently (i.e. LTE DC baseline) is not defined to support SCG split bearer
	Currently specification only defines that DDDS is transferred from MN to SN.
	[2]



Proposal 1: RAN3 is requested to confirm the following potential issues with respect to the LTE DC flow control baseline, for which it might be beneficial to consider possible enhancements for:
· Issue 1: Feedback timing of DDDS is left up to implementation.
· Issue 2: Updating frequency of “Highest successfully delivered PDCP Sequence Number” in DDDS is limited by RLC-ACKing rate
· Issue 3: Feedback of first DDDS at (re)start of data transmissions might be too slow
· Issue 4: “Highest successfully delivered PDCP Sequence Number” in DDDS is not enough to estimate “achievable throughput” when packet sizes are small
· Issue 5: “Desired buffer size” in DDDS is not clearly defined
· Issue 6: DDDS currently (i.e. LTE DC baseline) is not defined to support SCG split bearer

2.3  		Possible enhancements for flow control
Possible enhancements are described below for the Issues 1-6 mentioned in the previous section.
Table 2 Possible enhancements to LTE dual connectivity flow control
	Issue
Number
	Issue
	Possible enhancements
	Detail

	1
	Feedback timing of DDDS is left up to implementation of anchor node
	Define Polling based feedback or Periodic timer based feedback.
	A possible solution is to define the trigger of transferring DDDS. Either polling from the peer, or by configuring periodic feedback timers.

	2
	Updating frequency of “Highest successfully delivered PDCP Sequence Number” in DDDS is limited by RLC-ACKing rate
	Add “Highest transmitted PDCP Sequence Number” IE to DDDS.

	A possible solution is to define DDDS based on Transmitted data amount (e.g. “Highest transmitted PDCP Sequence Number”) instead of Acked data amount (i.e. “Highest successfully delivered PDCP Sequence Number”). This will remove the limitation from RLC-ACKing rate and allow for faster tracking based on achievable throughput. This may be efficient for full buffer type of traffic.

	3
	Feedback of first DDDS at (re)start of data transmissions might be too slow
	Define information exchange for “achievable throughput” over both C-plane and U-plane messages

	A possible solution is to report “achievable throughput” from the anchor node to the  splitting node. This will resolve Issue 3 and issue 4 as throughput estimation is no longer based on past data transmissions. 
For the start of data transmission, “achievable throughput” should be included in the relevant C-plane messages (e.g. SN addition request (for SCG split) and acknowledge (for MCG split) over X2/Xn; Beaerer setup request over F1).
For the restart of data transmission, “achievable throughput” should be included in DDDS so that it can be transferred immediately at the re-start of data transmission and sudden change of packet sizes.

	4
	“Highest successfully delivered PDCP Sequence Number” in DDDS is not enough to estimate “achievable throughput” when packet sizes are small
	
	

	5
	“Desired buffer size” in DDDS is not clearly defined
	At least clarify how “buffer full status” is indicated by “desired buffer size”
	It is necessary for splitting node to at least identify “buffer full status” of anchor node to avoid buffer overflow (basic function of flow control). It should at least be defined that “desired buffer size = ‘0’” means “buffer full.”

	6
	DDDS currently (i.e. LTE DC baseline) is not defined to support SCG split bearer
	Define transfer of DDDS also from MN to SN
	Current specification [8] assumes DDDS transfer from SN to MN only. Considering SCG split bearer, DDDS should also be transferred from MN to SN.



Proposal 2:  Provided that RAN3 confirms the potential issues, RAN3 is requested to discuss possible enhancements for flow control including the followings:
· Enhancement 1: Define Polling based feedback or Periodic timer based feedback. (addresses Issue 1)
· Enhancement 2: Add “Highest transmitted PDCP Sequence Number” IE to DDDS (addresses Issue 2)
· Enhancement 3: Define information exchange for “achievable throughput” over both C-plane and U-plane messages (addresses Issues 3&4)
· Enhancement 4: At least clarify how “buffer full status” is indicated by “desired buffer size”. (addresses Issue 5)
· Enhancement 5: Define transfer of DDDS also from MN to SN (addresses Issue 6)

3	Summary
In this contribution, potential issues of LTE dual connectivity flow control and possible enhancements to resolve those issues were addressed, and the followings are proposed:
Proposal 1: RAN3 is requested to confirm the following potential issues with respect to the LTE DC flow control baseline, for which it might be beneficial to consider possible enhancements for:
· Issue 1: Feedback timing of DDDS is left up to implementation.
· Issue 2: Updating frequency of “Highest successfully delivered PDCP Sequence Number” in DDDS is limited by RLC-ACKing rate
· Issue 3: Feedback first DDDS at (re)start of data transmissions might be too slow
· Issue 4: “Highest successfully delivered PDCP Sequence Number” in DDDS is not enough to estimate “achievable throughput” when packet sizes are small
· Issue 5: “Desired buffer size” in DDDS is not clearly defined
· Issue 6: DDDS currently (i.e. LTE DC baseline) is not defined to support SCG split bearer
Proposal 2:  Provided that RAN3 confirms the potential issues, RAN3 is requested to discuss possible enhancements for flow control including the followings:
· Enhancement 1: Define Polling based feedback or Periodic timer based feedback. (addresses Issue 1)
· Enhancement 2: Add “Highest transmitted PDCP Sequence Number” IE to DDDS (addresses Issue 2)
· Enhancement 3: Define information exchange for “achievable throughput” over both C-plane and U-plane messages (addresses Issues 3&4)
· Enhancement 4: At least clarify how “buffer full status” is indicated by “desired buffer size”. (addresses Issue 5)
· Enhancement 5: Define transfer of DDDS also from MN to SN (addresses Issue 6)
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