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Introduction

During the past RAN3 meetings, whether UL AMBR performed at PDCP or DU under CU/DU architecture  and how to enhance existing AMBR mechanism  to  avoid unnecessarily restricting the bit rate have been discussed much, and there is no conclusion until now.

At the latest RAN3#99bis, some solutions on AMBR has been summarized in [1] after offline discussion. This paper analyzes these solutions and provides our proposals.

Discussion
In [1], for proposed solution A1 and enhanced solutionA2, the AMBR is performed at DU under CU/DU split architecture, and the LTE DC AMBR solution is reused for EN-DC as below.

----------------------------------------------------------------------------------------------------------------------------------------------
Solution A1: Existing method

No changes to the principles of the existing solution.

Only enhancement needed is the information on the UL AMBR quota to be transferred to the DU from the CU.

Expected changes:

CR to F1AP: UL AMBR quota

Solution A2: Existing method, with event trigger reporting (overload condition indicator over CP or UP)

UL AMBR quota transferred to DU (as A1)

DU sends\ indication and/or current throughput info (F1 CP, possibly UP) when quota is close to being exceeded over time window, CU adjusts if possible 

CU may need to request changes of the quota from the MN (X2 CP, possibly UP)

In order to enable the CU to be able to offer more AMBR quota to the DU: 

SN sends indication and/or throughput info when overall quota is close to being exceeded; MN adjusts if possible; or

MN and SN exchange “consumed” UL throughput information and each node may use the AMBR quota not used by the other node (DL may be included too, to help solving problem 1 in DL).

Expected changes:

CR to F1AP: UL AMBR quota;

CR to F1AP or NR UP: quota limit reached and/or throughput information

CR to X2AP and/or NR UP: 

quota limit reached and/or throughput information; or

UL / DL “consumed” throughput information

----------------------------------------------------------------------------------------------------------------------------------------------

In the CU/DU split architecture, DU performs uplink scheduling,  in order to accurately enforce the UL AMBR shared by the corresponding NG-RAN nodes, we propose that DU enforces UL UE AMBR limits. For single-DU connectivity scenario, CU can  indicate the UL UE AMBR(e.g. received by SgNB node) to the corresponding DU via F1 interface. 

Proposal 1: In order to accurately enforce the UL AMBR shared by the corresponding NG-RAN nodes, UL AMBR enforcement shall be performed at DU.  RAN3 is kindly asked to approve Solution A1 as the basic AMBR solution.

For the AMBR mechanism enhancement, in R13, the UE-AMBR coordination solutions over X2 to optimize the overall throughput were discussed in RAN3 and captured into TR36.875. For these captured solutions, the SeNB would provide some information, either the new recommended SeNB AMBR or the assistance information to MeNB, then, the MeNB would decide to update the split of UE AMBR limits among the MN and the SN respectively and signal the SeNB with the new SeNB UE-AMBR. From our point of view, the “reporting assistance information to MN” solution is better to cope with the dynamic channel quality changes and the bandwidth changes. However, the“throughput information” mentioned in above ENDC solution A2 can be regarded as such reported assistance information in TR36.875. 

Proposal 2: The UE-AMBR enhanced coordination solutions over X2 to optimize the overall throughput had discussed and captured into TR36.875 in R13. Since there has not too much difference for the principles of AMBR between LTE DC and ENDC.  RAN3 is kindly asked to approve Solution_A2 as the ENDC AMBR enhancement solution.

Proposal 3:  RAN3 is kindly asked to approve the corresponding stage2 CR for TS38.401 and TS37.340 provided in [2][3].

In [1], For solution B1 and B2, the AMBR is performed at PDCP entity as below.

----------------------------------------------------------------------------------------------------------------------------------------------
Solution B1: UL enforcement at the PDCP level

No changes in DL enforcement (the same as existing solution for enforcing DL AMBR).
In UL, the AMBR eliminates overflowing traffic by discarding selected PDUs.

Expected changes:

CR to stage-2: change of the UL enforcement from the scheduler to the PDCP

Solution B2: UL enforcement at the PDCP level, with enforcement at the scheduler
No changes in DL enforcement (the same as existing solution for enforcing DL AMBR).
In UL, the AMBR monitors traffic;

If UL traffic exceeds the limit, the hosting node notifies the assisting node and/or the DU over CP or UP;
FFS: can the scheduler throttle single DRB?

Optionally, MN and SN exchange “consumed” UL & DL throughput information and each node may use the AMBR quota not used by the other node

Expected changes:

CR to stage-2: change of the UL enforcement from the scheduler to the PDCP

CR to F1AP or NR UP: enforcement indication

Optionally: CR to X2AP and/or NR UP: 

quota limit reached and/or throughput information; or

UL / DL “consumed” throughput information
----------------------------------------------------------------------------------------------------------------------------------------------
In the solution B2, it is not clear what is the meaning of “UL enforcement at PDCP level, with enforcement at scheduler”. If UL enforcement at PDCP level, it is obviously that the CU can not accurately enforce UL AMBR limits due to the UL resource are granted at DU, so the breach of  UL AMBR may often happen. 

Observation 1 :  Because PDCP entity can not accurately enforce the UL AMBR limits, the breach of UL AMBR may often happen.

If we consider such breach of UL AMBR is as overflowing or congestion, PDCP only can discard some PDUs to decrease the sender traffic bit rate (e.g. TCP sender can respond to the congestion/packet loss by decreasing CWND window).  But dropping packets will cause negative performance impact to the end user, and whenever the sender traffic rate is growing, the breach of UL AMBR and dropping packets will happen again. 

Observation 2:
Dropping packets by PDCP will cause negative performance impact to the end user. Furthermore, dropping packets by PDCP can not avoid the breach of UL AMBR. 
Furthermore, if we consider that PDCP enforces the UL AMBR limit by discarding some packets, it should be specified in TS38.323. The PDCP AMBR enforcement solution should be discussed and confirmed in RAN2 firstly.

From the above observations and analysis, we give below proposal.

Proposal 4:  PDCP AMBR enforcement solution by discarding packets should be discussed and confirmed in RAN2 firstly.
Conclusion
The following  proposals and observations are provided:

Proposal 1: In order to accurately enforce the UL AMBR shared by the corresponding NG-RAN nodes, UL AMBR enforcement shall be performed at DU.  RAN3 is kindly asked to approve Solution A1 as the basic AMBR solution.

Proposal 2: The UE-AMBR enhanced coordination solutions over X2 to optimize the overall throughput had discussed and captured into TR36.875 in R13. Since there has not too much difference for the principles of AMBR between LTE DC and ENDC.  RAN3 is kindly asked to approve Solution_A2 as the ENDC AMBR enhancement solution.

Proposal 3:  RAN3 is kindly asked to approve the corresponding stage2 CR for TS38.401 and TS37.340 provided in [2][3].

Observation 1 :  Because PDCP entity can not accurately enforce the UL AMBR limits, the breach of UL AMBR may often happen.

Observation 2:
Dropping packets by PDCP will cause negative performance impact to the end user. Furthermore, dropping packets by PDCP can not avoid the breach of UL AMBR. 
Proposal 4:  PDCP AMBR enforcement solution by discarding packets should be discussed and confirmed in RAN2 firstly.
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