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1	Introduction
In RAN3#96, proposals for enhancing X2-UP flow control for LTE-NR dual connectivity were contributed [1-2]. Detailed discussions on these flow control enhancements are expected in this RAN3 NR#2 Adhoc meeting. Further, the Chairman suggested in RAN3#96 [3], that it may be beneficial to discuss flow control enhancements for X2, F1 and Xn in a single agenda item.
In this contribution, potential issues of LTE dual connectivity flow control and possible enhancements to resolve those issues are explained.
NOTE: This contribution is submitted to Agenda Item 10.8 as it relates to LTE-NR DC, but this contribution is also applicable to F1 and in that sense would also belong to AI 10.10.1.
2	Discussion
2.1 		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 [4]. However we think that there are the following potential issues to the LTE dual connectivity flow control mechanism, which may limit performance and therefore might be beneficial to consider enhancements for:
· Issue 1: MeNB cannot acquire SeNB’s information timely.
· Issue 1-1: DDDS feedback timing is up to SeNB’s implementation.
· Issue 1-2: Updating frequency of Acked PDCP PDUs is limited by the RLC-ACK reception rate from UE.
Both of the above 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).
· Issue 2: Delay until first flow control packet
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.
· Issue 3: Small packets
With DDDS feedback using Acked PDCP PDUs, achievable throughput cannot be obtained for the packet sizes of the data transferred in the past are small (since throughput estimation will be Acked PDCP PDU data amount divided by the time period, but the Acked PDCP PDU data amount will be limited due to the small packet size).
· Issue 4: Definition of “Desired buffer size” is ambiguous
The definition and how to calculate Desired buffer size is ambiguous. E.g. it is not clear whether it is “available buffer size” or “allocated buffer size”; it may or may not consider the backhaul delay. Considering multi-vendor operation, flow control based on “Desired buffer size” may become sub-optimal due to this ambiguity.
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
2.2 		Possible enhancements for flow control
Possible enhancements are described below for the Issues 1-4 mentioned in the previous section.
· Possible enhancement for Issue 1-1
A possible solution is to define the trigger when SgNB reports the flow control feedback. Two robust and simple mechanisms are possible, i.e. Polling based feedback or Periodic feedback.
· Possible enhancement for Issue 1-2
A possible solution is to define DDDS based on Transmitted data amount (e.g. transmitted PDCP PDUs) instead of Acked data amount. This will remove the limitation from RLC-Ack reception rate and allow for faster tracking based on actual throughput. This may be efficient for full buffer type of traffic.
· Possible enhancement for Issue 2&3
A possible solution is to define exchange of parameters related to channel quality, channel capacity and resource usage/availability which allow for the calculation of “achievable throughput”, or the “estimated achievable throughput” itself from the SgNB (or gNB-CU) to the MeNB (or gNB-DU). In other words, SgNB (or gNB-DU) can provide information/parameters to allow the MeNB (or gNB-CU) to estimate “achievable” throughput, or SgNB (or gNB-DU) can estimate “achievable throughput” directly and provide it to MeNB (or gNB-CU). This will resolve Issues 2&3 as throughput estimation is no longer based on past data transmissions. With this solution, such information exchange should be supported over C-plane to ensure its availability from the start of LTE-NR dual connectivity (or the start of F1 setup), but it may be also beneficial to support such information exchange over U-plane (FFS).
· Possible enhancement for Issue 4
A possible solution is to clarify the definition of “Desired buffer size”.
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)
· Enhancement 4: Clarify the definition of “Desired buffer size” (addresses Issue 4)
3	Summary
In this contribution, potential issues of LTE dual connectivity flow control and possible enhancements to resolve those issues and the followings are proposed:
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)
· Enhancement 4: Clarify the definition of “Desired buffer size” (addresses Issue 4)
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