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Introduction

The UE‑AMBR limits the aggregate bit rate for all Non‑GBR bearers of the UE. During the latest RAN3 AH meeting, how to handle UL AMBR under CU/DU architecture  and how to enhance the current fixed UL AMBR mechanism  to improve throughput  and avoid unnecessarily restricting the bit rate have been discussed, and two solutions are given in WF [3] as below : 

Solution 1: UL AMBR is split between MN (MeNB) and SN (SgNB) so that each portion applies to the aggregate of bearers served by MN or SN low layers.

Solution 2: UL AMBR is split between MN (MeNB) PDCP and SN (SgNB) PDCP so that each portion applies to the aggregate of bearers served by MN PDCP or SN PDCP.

In this contribution, we give further analysis on UL AMBR, and provide the proposals. The corresponding text proposal for TS37.340 and TS38.401 are also provided in Annex1 and Annex2.

Discussion
UL AMBR enforcement at disaggregated node 

At the RAN3 #98 meeting, the principles on UE-AMBR for EN-DC were agreed in [4] , and captured into TS37.340 as below :

---------------------------------------------------------TS37.340--------------------------------------------------------

The MN decides the split of DL UE AMBR limits and UL UE AMBR limits among the MN and the SN respectively, and indicates DL UE AMBR limits and UL UE AMBR limits to be respected by the SN;

-
The node that hosts the PDCP entity enforces the respective DL UE AMBR limits;

-
Each node enforces the respective UL UE AMBR limits. For SN terminated bearers, if the node is not configured to serve the uplink, it ignores the indicated UL UE-AMBR.

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

The LTE DC AMBR solution is reused for EN-DC. In [2], there is concern that the text“Each node enforces the respective UL UE AMBR limits”in 37.340 is ambiguous.  On our understanding, the descriptions in 37.340 is quite clear. In TS38.300, the NG-RAN node is either a gNB or an ng-eNB . So, in 37.340 , “Each node”is either an SN node or a MN node, and the internal  CU/DU architecture within the SN node is not exposed. 

Proposal 1:  The descriptions of UE-AMBR on EN-DC in 37.340 is clear, UL AMBR is split between MN (MeNB) and SN (SgNB) node, no more changes is needed but some text for disaggregated SgNB node with CU-DU architecture should be added.

On the other hand, it can been seen the main principle on DC UL AMBR is that different uplink scheduling nodes enforces the respective ULAMBR. In the CU/DU architecture, DU performs uplink scheduling, in order to align with the captured ENDC principles, for the disaggregated gNB node, the UL AMBR enforcement is performed at DU.

Observation 1 :  The main principle on DC UL AMBR is that different uplink scheduling nodes enforces the respective UL AMBR. To align with the captured DC principles, for the disaggregated node, the UL AMBR is performed at DU. 

There are some services like uploading the material to the cloud storage consuming a lot of UL bandwidth, so it is important to ensure the UL AMRB will not be exceed.  In case of UL AMBR enforcement is performed at the PDCP entity  (e.g. at the CU),  when the CU detects the breach of its UL AMBR, only some RRC level solutions can be used to limit the UL AMBR, e.g., removal of some specific DRBs, signalling of recommended bit rate in  logicalChannelConfig info to one or more DRBs. The above solutions initiated by CU to limit UL resource have impact on UE and should not be happened frequently, therefore the enforcement of UL AMBR at CU can not adapt to the dynamic changes of channel quality and bandwidth. On the other hand, considering the UL scheduling is performed at DU, there is no guarantee on the CU side that the UL AMBR will not exceed at DU while the approximate value of the limited UL resource is difficult to be calculated and set. 

Observation 2 :  For those services which will consume a lot of UL bandwidth, it is important to assure the UL AMRB will not be exceed, however CU can not accurately enforce UL AMBR limits due to the UL resource are granted at DU. 


Observation 3:  RRC level procedure initiated by CU to limit UL resource has impact on UE and should not be happened frequently, therefore the enforcement of UL AMBR at CU  can not adapt to the dynamic changes of channel quality and bandwidth. 


Form the above observations, 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. But for multiple-DU connectivity scenario, the same principle as "The MN decides the split of UL UE among the MN and the SN" may be used, that is to say, CU decides and indicates the split of UL UE AMBR limits shared by the gNB among the served gNB-DUs of the UE, each DU enforces the respective indicated UL UE AMBR.

However, it is not allowed that EN-DC supports the SgNB with multiple gNB-DUs to serve the UE, so , for EN-DC cases, we give proposal as below :

Proposal 2:  In EN-DC case , for disaggregated SN node with CU-DU high layer split architecture , the gNB-CU enforces the DL UE AMBR shared by the SN, the gNB-CU also indicate UL UE AMBR limits shared by the SN to the gNB-DU. gNB-DU enforces the UL UE AMBR limits.  The corresponding text proposal for TS37.340 is provided in Annex1.

For multiple DU connectivity within one gNB-CU cases, we give proposal as below:

Proposal 3:  In multiple DU connectivity within one gNB-CU cases, the gNB-CU enforces the DL UE AMBR limits shared by the gNB, the gNB-CU also decides the split of UL UE AMBR limits shared by the gNB among the multiple gNB-DUs served the UE respectively. Each gNB-DU enforces the respective UL UE AMBR limits. The corresponding text proposal for TS38.401 is provided in Annex1.

Enhancement on fixed UL AMBR enforcement
The  problem caused by each node enforcing respective fixed UL AMBR is identified in the latest RAN3 meeting[3] as following: “The inherent feature of EN-DC, i.e. operation over two different RATs, may lead to the need of dynamic balancing between the MCG and SCG parts of the connection. Having fixed threshold for each RAN node limits the possibility for effective usage of full AMBR.”

In the Release13 DC enhancement, the similar issues discussed. the UE-AMBR coordination over X2 to optimize the overall throughput for the UE and to avoid unnecessarily restricting the bit rate has been discussed. As a result, two solutions has been captured into TR36.875 as below:
---------------------------------------------------------TR36.875--------------------------------------------------------

Solution 1) 

The SeNB may propose a new SeNB UE AMBR value based on information available at the SeNB within the SENB MODIFICATION REQUIRED message. The MeNB may decide to take it into account and provide a new SeNB UE AMBR value. Whether the MeNB additionally provides the Total UE AMBR in the SeNB Addition Request and in the SeNB Modification Request or the SeNB Modification Confirm message needs to be further evaluated.

Solution 2)
The MeNB requests to the SeNB to report assistance information by the Report Characteristic e.g. event trigger report, report only one time, report periodically.
The SeNB provides“assistance information” to the MeNB.
Examples for possible assistance information are aggregated instantaneous,averaged arriving bitrate, at the SeNB for uplink and downlink. Other factors such as load status and buffer status of SeNB may be assisted for the decision in MeNB. It is still FFS which assistance information would be necessary to enable the MeNB to make a proper decision.

The MeNB decides to modify the SeNB UE AMRB based on the Assistance Information and provides the new SeNB UE AMBR within the SENB MODIFICATION REQUEST message.

------------------------------------------------------------------------------------------------------------------------------
For these two solutions, the SeNB would provide some information, either the new recommended SeNB AMBR or the assistance information,  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. For our point of view, the “reporting assistance information” solution is better to cope with the dynamic channel quality changes and the bandwidth changes.

The principles of the above solutions can also be considered in current enhanced mechanism in EN-DC. Here we focus on UL UE AMBR, the SN provides the assistance information to the MN, and The MN decides to modify the SN UL UE AMRB based on it, the “throughput information ” mentioned in WF[3] is regarded as such reported assistance information. Similarly, the DU reports“throughput information”to the CU, then CU makes the decision on updating the DU UL UE AMBR based on the throughput usage information provided by the corresponding DU.

Proposal 4:  As an enhancement to the current fixed UL AMBR mechanism,  the SN may report“throughput information” to the MN, the MN decides to update the split of the UL UE AMBR among the MN and the SN respectively and signals the SN with the updated SN UL UE AMBR. 

Proposal 5:  As an enhancement to the current fixed UL AMBR mechanism,  the gNB-DU may report“throughput information” to the gNB-CU, the gNB-CU decides to update the split of the UL UE AMBR  among the gNB-DUs which serve the UE  and signals the gNB-DUs with the updated UL UE AMBR to each DU. 
Conclusion
The following observations and proposals are provided:

Proposal 1:  The descriptions of UE-AMBR on EN-DC in 37.340 is clear, UL AMBR is split between MN (MeNB) and SN (SgNB) node, no more changes is needed but some text for disaggregated SgNB node with CU-DU architecture should be added.

Observation 1 :  The main principle on DC UL AMBR  is  that different uplink scheduling nodes  enforces the respective UL AMBR. To align with the captured DC principles, for the disaggregated node, the UL AMBR is performed at DU. 

Observation 2 :  For those services which will consume a lot of UL bandwidth, it is important to assure the UL AMRB will not be exceed, however CU can not accurately enforce UL AMBR limits due to the UL resource are granted at DU. 


Observation 3:  RRC level procedure initiated by CU to limit UL resource has impact on UE and should not be happened frequently, therefore the enforcement of UL AMBR at CU  can not adapt to the dynamic changes of channel quality and bandwidth. 


Proposal 2:  In EN-DC case , for disaggregated SN node with CU-DU high layer split architecture , the gNB-CU enforces the DL UE AMBR shared by the SN, the gNB-CU also indicate UL UE AMBR limits shared by the SN to the gNB-DU. gNB-DU enforces the UL UE AMBR limits.  The corresponding text proposal for TS37.340 is provided in Annex1.

Proposal 3:  In multiple DU connectivity within one gNB-CU cases, the gNB-CU enforces the DL UE AMBR limits shared by the gNB, the gNB-CU also decides the split of UL UE AMBR limits shared by the gNB among the multiple gNB-DUs served the UE respectively. Each gNB-DU enforces the respective UL UE AMBR limits. The corresponding text proposal for TS38.401 is provided in Annex1.

Proposal 4:  As an enhancement to the current fixed UL AMBR mechanism,  the SN may report“throughput information” to the MN, the MN decides to update the split of the UL UE AMBR among the MN and the SN respectively and signals the SN with the updated SN UL UE AMBR. 

Proposal 5:  As an enhancement to the current fixed UL AMBR mechanism,  the gNB-DU may report“throughput information” to the gNB-CU, the gNB-CU decides to update the split of the UL UE AMBR  among the gNB-DUs which serve the UE  and signals the gNB-DUs with the updated UL UE AMBR to each DU. 
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Annex1 : Text Proposal to TS 37.340
<<<<<<<<<<<<<<<<<<<< Begin of Changes to TS 37.340 >>>>>>>>>>>>>>>>>>>>

8.1
QoS aspects

In EN-DC, the E-UTRAN QoS framework defined in TS 36.300 [2] applies:

-
An S1-U bearer is established between the EPC and the SN for SN terminated bearers;
-
An X2-U bearer is established between the MN and the SN for split bearers, MN terminated SCG bearers and SN terminated MCG bearers;
-
MN terminated and SN terminated bearers may have either MCG or SCG radio resources or both, MCG and SCG radio resources, established;

-
The MN decides the split of DL UE AMBR limits and UL UE AMBR limits among the MN and the SN respectively, and indicates DL UE AMBR limits and UL UE AMBR limits to be respected by the SN. The SN may report throughput information to the MN, the MN decides to update the split of the UL UE AMBR among the MN and the SN respectively and signals the SN with the updated SN UL UE AMBR.
-
The node that hosts the PDCP entity enforces the respective DL UE AMBR limits;

-
Each node enforces the respective UL UE AMBR limits. For SN terminated bearers, if the node is not configured to serve the uplink, it ignores the indicated UL UE-AMBR.
-  For disaggregated SN node with CU-DU high layer split architecture, the gNB-CU enforces the DL UE AMBR shared by the SN, the gNB-CU also indicates UL UE AMBR shared by the SN to the gNB-DU. The gNB-DU enforces the UL UE AMBR.
<<<<<<<<<<<<<<<<<<<< End Changes to TS 37.340 >>>>>>>>>>>>>>>>>>>>
Annex2 : Text Proposal to TS 38.401
<<<<<<<<<<<<<<<<<<<< Begin of Changes to TS 38.401 >>>>>>>>>>>>>>>>>>>>

8
Overall procedures in gNB-CU/gNB-DU Architecture

8.x UE AMBR Enforcement
The UE AMBR enforcement targets the multi-connectivity scenario, where a UE is served by multiple data radio bearers established at least on two gNB-DUs.

The gNB-CU enforces the DL UE AMBR, the gNB-CU also decides the split of UL UE AMBR among the served gNB-DUs of the UE respectively. Each gNB-DU enforces the respective UL UE AMBR.The gNB-DU may report throughput information to the gNB-CU, the gNB-CU decides to update the split of the UL UE AMBR  among the gNB-DUs which serve the UE  and signals the gNB-DUs with the updated UL UE AMBR to each DU.
<<<<<<<<<<<<<<<<<<<< End Changes to TS 38.401 >>>>>>>>>>>>>>>>>>>>
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