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1 Introduction

RAN#102 has agreed the SI to further investigate the new AI/ML based use cases and identify the enhancement to support AI/ML functionality in NG-RAN as RP-234054.
There are three RAN3 related objectives:

· Study two new AI/ML based use cases, i.e., Network Slicing and CCO, with existing NG-RAN interfaces and architecture (including non-split architecture and split architecture). 
· Rel-18 leftovers as candidates for normative work, based on the Rel-18 principles, as follows:
-   Mobility optimization for NR-DC
-   Split architecture support for Rel-18 use cases based on the conclusions from Rel-18 WI 
-   Energy Saving enhancements, e.g., Energy Cost Prediction

-   Continuous MDT collection targeting the same UE across RRC states
-   Multi-hop UE trajectory across gNBs
Note: RAN3 should take the Rel-18 discussions into account.
In the paper we discuss the potential interface impact for AI/ML for NG-RAN in split architecture. 

2 Discussion
2.1 Energy cost
Energy cost is one of the factors for the energy saving decision setting and evaluation, which is represented as an index. The way to exchange it in Xn interface is defined in R18. For the split architecture, the energy consumption of gNB DU, gNB CU-UP and gNB CU-CP need to be considered, as they may in three physical-separated equipment. Based on that, the F1 and E1 impacts should be discussed to support gNB DU and gNB CU-UP to report their energy consumption to gNB CU-CP. Without such enhancement, the gNB CU-CP can only collect its own energy consumption. gNB DU are equipped with antennas, encoding/decoding modules, etc. gNB CU-UP is responsible for the data transmission such as PDCP functionality. So both gNB DU and gNB CU-UP are energy-consumed. The solely energy consumption in gNB CU-CP can not present the actual status. So propose to report the energy consumption of gNB DU and gNB CU-UP to gNB CU-CP via F1 and E1 interface respectively.
Proposal 1: 
F1 should be enhanced to support the energy cost reporting from gNB DU to gNB CU.
Proposal 2: 
E1 should be enhanced to support the energy cost reporting from gNB CU-UP to gNB CU-CP.
Regarding to the procedure, there are two options: reusing the current F1 procedure or defining an Xn-like new procedure. For F1 interface, there is only one metric identified so far. To minimize the standard impact, as energy cost can be regarded as a type of resource status, the resource status reporting procedure can be reused to exchange the energy cost of gNB DU.
Proposal 3: 
The existing resource status reporting procedure in F1 can be reused to carry the energy cost of gNB DU to gNB CU.
For the E1 interface, apart from energy cost, the UE performance is also needed as analysis below. As there are more than one type of information to be carried in E1 interface, a new procedure can be used to carry all the identified information to support AI/ML for NG-RAN. Same as the F1 interface, for energy cost only, it can be regarded as a type of resource status, so the alternative way is to use the existing E1 resource status reporting procedure to exchange the energy cost of gNB CU-UP.
Proposal 4: 
Energy cost of gNB CU-UP can be included in a new procedure or the existing E1 resource status reporting procedure to gNB CU-CP.
2.2 UE performance
R18 agrees to exchange the UE performance to monitor the decision or as the input of mode inference/training, where the UE performance includes throughput, delay and packet loss. All three information are the data transmission related. The gNB CU UP is responsible for the data transmission. In split architecture, based on the existing mechanism, these information are not available at gNB CU-CP. The gNB CU-UP has the knowledge of such parameters. 

For the throughput, gNB CU-UP knows the PDCP SN and the packet size of the PDCP SDU. It can get the transmission status from gNB DU via DDDS. The definition of the throughput is the number of bits delivered by NG-RAN in UL or to NG-RAN in DL or by the UE in sidelink within a period of time, divided by the duration of the period. The gNB CU-UP can get the number of bits based on the size of PDCP SDU and transmitted/delivered PDCP SN in DDDS. So it is feasible for gNB CU-UP to report the throughput and packet loss.
For the delay, in the existing QoS monitoring, gNB CU-UP can report the delay in NG-RAN to UPF. So gNB CU-UP has the ability to collect the delay in the NG-RAN as 

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=1)
	QMP
	DL Delay Ind.
	UL Delay Ind.
	SNP
	1

	N3/N9 Delay Ind.
	New IE Flag
	QoS Flow Identifier 
	1

	DL Sending Time Stamp Repeated
	0 or 8

	DL Received Time Stamp
	0 or 8

	UL Sending Time Stamp
	0 or 8

	DL Delay Result
	0 or 4

	UL Delay Result
	0 or 4

	UL QFI Sequence Number
	0 or 3

	N3/N9 Delay Result
	0 or 4

	New IE flag 7(E)
	New IE Flag 6
	New IE Flag 5
	New IE Flag 4
	New IE Flag 3
	New IE Flag 2
	New IE Flag 1
	New IE Flag 0
	0 or 1

New IE

Flags

Octet

	Spare
	D1 UL PDCPDelay  Result Ind
	0 or 1

	Padding 
	0-3


The delay results in gNB CU-UP include
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The RAN sends both DL and UL delay in RAN to UPF via UL PDU SESSION INFORMATION. 

DL delay = D1+D2+D3+D4

UL delay = D1+D2.1+D2.2+D2.3+D2.4

In AI/ML, based on the discussion to define the delay, the conclusion is follows the QoS monitoring ones. Thus gNB CU-UP can get the delay results.

In summary, all three parameters for UE performance are available at gNB CU-UP. So the E1 interface should be enhanced to transfer the UE performance from gNB CU-UP to gNB CU-CP.

Proposal 5: 
E1 interface should be enhanced to transfer the UE performance from gNB CU-UP to gNB CU-CP.

Proposal 6: 
There is no need to involve F1 interface to report the UE performance.

3 Conclusion

Based on the discussion, we have the following proposals. It is proposed to agree the proposals.
Proposal 1: 
F1 should be enhanced to support the energy cost reporting from gNB DU to gNB CU.
Proposal 2: 
E1 should be enhanced to support the energy cost reporting from gNB CU-UP to gNB CU-CP.
Proposal 3: 
The existing resource status reporting procedure in F1 can be reused to carry the energy cost of gNB DU to gNB CU.
Proposal 4: 
Energy cost of gNB CU-UP can be included in a new procedure or the existing E1 resource status reporting procedure to gNB CU-CP.
Proposal 5: 
E1 interface should be enhanced to transfer the UE performance from gNB CU-UP to gNB CU-CP.

Proposal 6: 
There is no need to involve F1 interface to report the UE performance.
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5.2
Split architecture support for Rel-18 use cases
In split architecture, to support AI/ML for NG-RAN, the following mechanisms are required:

· gNB DU provides its energy cost to gNB CU for the energy saving use case.

· gNB CU-UP provides its energy cost to gNB CU-UP for energy saving use case.

· gNB CU-UP provides the UE performance to gNB CU-UP for energy saving, load balancing and mobility use cases.
The RAN part of DL packet delay measurement comprises:


-	D1 (DL delay in over-the-air interface), referring to Average delay DL air-interface in TS 28.552 [2] 5.1.1.1.1.


-	D2 (DL delay on gNB-DU), referring to Average delay in RLC sublayer of gNB-DU in TS 28.552 [2] 5.1.3.3.3.


-	D3 (DL delay on F1-U), referring to Average delay on F1-U in TS 28.552 [2] 5.1.3.3.2.


-	D4 (DL delay in CU-UP), referring to Average delay DL in CU-UP in TS 28.552 [2] 5.1.3.3.1.


The RAN part (including UE) of UL packet delay measurement comprises:


-	D1 (UL PDCP packet average delay, as defined in clause 4.3.1.1).


-	D2.1 (average over-the-air interface packet delay, as defined in 4.2.1.2.2).


-	D2.2 (average RLC packet delay, as defined in 4.2.1.2.3).


-	D2.3 (average delay UL on F1-U, it is measured using the same metric as the average delay DL on F1-U defined in TS 28.552 [2] clause 5.1.3.3.2).


-	D2.4 (average PDCP re-ordering delay, as defined in 4.2.1.2.4).











