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1 Introduction
During RAN3 AD-HOC#1801 meeting, AMBR was discussed with a way forward summarizing the latest progress during the meeting, in RAN3#99 meeting, AMBR was not discussed, this paper tried to have further discussions based on this way forward, and CR for EN-DC operations and text proposals for SA operation were proposed. 
2 Discussion

2.1 Current progress
During past RAN3 meetings, some initial discussions were happened on this AMBR issue for both EN-DC and SA operation [1][2][3][5], and two solution options for UL AMRB were list in the way forward in [4], see 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.

· MeNB: In this approach the MeNB has inherently knowledge of the aggregate bit rate served by its low layers (as an eNB is not split). 

· If the MeNB detects breach of its portion of UE AMBR, MeNB can limit UL resource allocation via its own scheduler’s policy.
· SgNB: In this approach the SgNB-CU needs to acquire information from the SgNB-DU about the served UL throughput for the UE 
· SgNB-DU signals to SgNB-CU its share of UL throughout served for the UE, either periodically or based on a pre-set threshold (if UP is not connected to the SgNB).

· SgNB-CU checks that the aggregated throughput is within the portion of UL AMBR allocated to SgNB

· If the aggregate throughput breaches the portion of UL AMBR allocated to SgNB, SgNB-CU signals to one or more SgNB-DU to limit UL throughput to a given limit. The latter ensures that the UE UL throughput is within enabled limits

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.

· MeNB: In this approach the MeNB has inherently knowledge of the aggregate bit rate monitored at its PDCP 

· If the MeNB detects breach of its portion of UE AMBR, MeNB can limit UL resource allocation via its own scheduler’s policy and it can signal over X2 an indication to SgNB to limit UL Throughput to a given value X for the affected UE 

· If the signalling is done over UP, then it may be delivered directly to the SgNB-DU;

· If the signalling is done over CP, then once receiving the indication, SgNB-CU signals to one or more SgNB-DU to limit UL throughput to a given limit;

· SgNB: In this approach the SgNB-CU has inherently knowledge of the aggregate bit rate monitored at its PDCP 

· If the SgNB detects breach of its portion of UE UL AMBR, SgNB can limit UL resource allocation via signalling to SgNB DUs to limit UL throughput to a given limit

SgNB also signals over X2 an indication to MeNB to limit UL Throughput to a given value X for the affected UE
From the descriptions, we could see that solution 1 is Node basis, while solution 2 is PDCP basis, and the common point is that the master node will be in charge of the split, the difference is the handling behavior of different bearer type, the below table tried to list the difference.
	
	MCG bearer
	SCG bearer
	MCG split bearer
	SCG split bearer

	Solution 1
	No split, MN will be allocated the up limit rate
	No split, SN will be allocated the up limit rate
	MN will decide the split, both MN and SN will be allocated an up limit rate.
	MN will decide the split, both MN and SN will be allocated an up limit rate.

	Solution 2
	No split, MN PDCP will be allocated the up limit rate
	No split, SN PDCP will be allocated the up limit rate
	No split, MN PDCP will be allocated the up limit rate, then additional mechanisms are needed for MN PDCP to control SgNB-DU.
	No split, SN PDCP will be allocated the up limit rate, then additional mechanisms are needed for SN PDCP to control MeNB or MgNB-DU.


As we could see from the table above, for both solution 1 and solution 2, it is the MN to make allocation of the up-limit rate for each leg if there is a split. Then, for solution 1, whether for MCG/SCG bearer or split bearer, existing mechanisms were already there for the up limit rate allocation to MN or SN, i.e. through SN addition procedure to allocate SN and UE context management procedure to allocate SgNB-DU for disaggregated SgNB; while for solution 2, additional mechanisms are needed for split bearer handling. 

If we take a step further, for the case that when there was a MCG/SCG bearer ongoing, then MN decides to add a split bearer, for solution 1, network could just use reconfiguration procedure to re-allocate the up limit rate, while for solution 2, new update/reconfiguration mechanisms are needed for MN to control SgNB-DU or SN to MeNB or MgNB-DU.
Observation 1: For both solution 1 and 2, it is MN to make allocation of the up-limit rate for each leg if there is a split.

2.2 Whether AMBR should be transmitted over F1

As we could see from the descriptions for solution 1, it just mentioned MN or SN, but for disaggregated architecture, it also requires gNB-DU to report its throughput to gNB-CU if breach is detected by gNB-CU, gNB-CU may need to further update the up limit rate. For solution 1, information exchange over F1 is needed for UL throughput monitoring and control, for solution 2, gNB-CU may need to send further UL rate limit to gNB-DU if breach is detected. 
Observation 2: For both solution 1 and 2, info exchange over F1 is needed;
Observation 2bis: For both solution 1 and 2, the two mechanisms rely on gNB-DU to control the UL date rate.
Since gNB-DU, as the entity who is in charge of scheduling, could control the transmission rate through scheduling, if a clear up-limit rate is configured, this could be used as part of the input to scheduling algorithm. Technically, for both DL and UL, the MAC scheduler could control the data rate through the control of radio resource scheduling.

Observation 3: For both DL and UL, the MAC scheduler could control the data rate through the radio resource scheduling.

Based on observation 2, we think for both UL and DL, AMBR related information should be transferred to F1 for disaggregated gNB architecture. In LTE system, MME only provides UE Aggregate Maximum Bit Rate. However in NR system, AMF provides both UE Aggregate Maximum Bit Rate and PDU Session Resource Aggregated Maximum Bit Rate to the gNB. Specifically, UE and PDU AMBR informations are also needed by the gNB-DU to make sure UE and PDU session data rate will not exceed the thresholds. One solution is not to provide UE AMBR, but provide the PDU session AMBR which is determined based on both UE AMBR and PDU session AMBR provided by the AMF. Alternatively, gNB-CU could provide both UE AMBR and PDU session AMBR to the gNB-DU, which remains more flexibility for gNB-DU to divide UE AMBR for different PDUs. Similarly, UE AMBR may not be the same as the one provided by AMF. But if PDU session info should not be visible to gNB-DU as some companies suggested in last meeting, then it might be difficult or not precise to control PDU session level AMBR.
Observation 4: If PDU session info is invisible to gNB-DU, it might be difficult or not precise to control PDU session level AMBR.

Proposal 1

It is proposed the gNB-CU provide UE Aggregate Maximum Bit Rate to the gNB-DU for both SA operation and EN-DC operation.

Proposal 1bis
It is proposed RAN3 discuss if PDU session AMBR should be sent to gNB-DU FOR SA operation. 

Currently, UE context setup message and UE context modification message could be used to include AMBR info, since the two messages are used to establish DRB in gNB-DU side; for UE context modification, the main use case here is to add SgNB when the service is already ongoing, here we should note that the concrete value of AMBR allocated to gNB-DU may not be the same as the one received from core network, since for EN-DC or NR-NR DC operation, there will be two node involved, the detailed value calculation is up to network implementation.
Proposal 2

It is proposed to include UE Aggregate Maximum Bit Rate IE into both F1AP message: UE CONTEXT SETUP REQUEST and UE CONTEXT MODIFICATION REQUEST for SA operation. 
Proposal 2bis
It is proposed to include UE Aggregate Maximum Bit Rate IE into both F1AP message: UE CONTEXT SETUP REQUEST and UE CONTEXT MODIFICATION REQUEST for EN-DC operation.
As we could see from both solution 1 and 2 that, both require the exchange between gNB-CU and gNB-DU when breach is detected, this implies that both solution think gNB-DU could control the data rate, yet both solutions rely on PDCP entity to check the data rate. Here we think there is no need to have such kind of exchange, if we rely on gNB-DU scheduler to control data rate. Still, we could sue UE context modification procedure to update the up limit value.  
Observation 5
There is no need for further info exchange between gNB-CU and gNB-DU, if it is up to gNB-DU to control the up limit rate, although UE context modification could be used to update the up limit rate.
3 Conclusion and Proposals
Based on the discussion, we have the following observations and proposals:
Observation 1: For both solution 1 and 2, it is MN to make allocation of the up-limit rate for each leg if there is a split.

Observation 2: For both solution 1 and 2, info exchange over F1 is needed;

Observation 2bis: For both solution 1 and 2, the two mechanisms rely on gNB-DU to control the UL date rate.

Observation 3: For both DL and UL, the MAC scheduler could control the data rate through the radio resource scheduling.
Observation 4: 
If PDU session info is invisible to gNB-DU, it might be difficult or not precise to control PDU session level AMBR.

Observation 5
There is no need for further info exchange between gNB-CU and gNB-DU, if it is up to gNB-DU to control the up limit rate, although UE context modification could be used to update the up limit rate.

Proposal 1

It is proposed the gNB-CU provide UE Aggregate Maximum Bit Rate to the gNB-DU for both SA operation and EN-DC operation.

Proposal 1bis
It is proposed RAN3 discuss if PDU session AMBR should be sent to gNB-DU FOR SA operation. 

Proposal 2

It is proposed to include UE Aggregate Maximum Bit Rate IE into both F1AP message: UE CONTEXT SETUP REQUEST and UE CONTEXT MODIFICATION REQUEST for SA operation. 

Proposal 2bis
It is proposed to include UE Aggregate Maximum Bit Rate IE into both F1AP message: UE CONTEXT SETUP REQUEST and UE CONTEXT MODIFICATION REQUEST for EN-DC operation.
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