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1	Introduction
In RAN3#115e meeting, for M6 measurements, discussions regarding forwarding additional information, namely Number of packets sent through MN and SN and number of duplicated packets towards TCE, for the case when PDCP duplication is switched within a delay measurement period for a split DRB in DC scenario was discussed. The below text captures the agreement taken by RAN3:
RAN3 to agree to support Solution 2a
Where solution 2a in this discussion was:
	· Solution 2: Sending individual delay components to TCE
· 2a: sending further detailed measurements to TCE for M6 calculation
· Number of PDCP PDUs sent via MN or SN within a measurement period, when PDCP duplication is enabled.
· Number of PDCP PDUs sent over MN within a measurement period, when the PDCP duplication is not enabled.
· Number of PDCP PDUs sent over SN within a measurement period, when the PDCP duplication is not enabled.



In R2-220331 [1], we proposed the same in RAN2 and provided with detailed explanations and formulae supporting the proposal.
In this contribution, according to the above agreements in RAN3, we  provide a TP to include the information as a L2 measurement in TS 38.314. In addition, we propose to extend the same measurements for the M5 and M7 measurements as needed to calculate the total throughput and packet error rate at the OAM.

[bookmark: _Ref178064866]2	Discussion
In order to forward the detailed information as agreed in RAN3 to TCE, RAN (CU-UP in split architecture) needs to measure them per DRB per UE. Thus, they can be introduced as L2 measurement counters in 38.314.
[bookmark: _Toc101790164]Calculation of number of packets sent through MN and SN per UE per DRB, and number of duplicated packets are introduced as new L2 measurements in 38.314.
[bookmark: _Toc101790165]RAN2 is kindly requested to accept the annexed TP capturing the agreed measurement counters per UE for split DRBs required for total RAN delay calculation at the TCE/OAM.

2.1	M5 measurements related
In RAN2#116-e meeting it was agreed that the M5 measurements (i.e., throughput measurements) would be performed by the DU and sent to TCE. It was also agreed that duplication status indicator would also be sent to the TCE.
3	At least for OAM observability, MN and SN can calculate  M5 measurement in the DU respectively when split bearer is used. 
7   From RAN2’s perspective, indication of duplication status is beneficial to be included for M5/M7 measurement in split bearer


If the CU-UP shares the same L2 measurements as defined for M6 measurements with the OAM in split bearer scenario, the OAM can use these L2 measurements to calculate the overall throughput based on the individual throughput measurements received from the MN DU and the SN DU. In the following, we provide an example of how the total throughput can be calculated at the OAM given the proposed L2 measurements are provided.
For split-bearer scenario, MN DU and SN DU forwards the individual throughput measured per corresponding leg to the TCE. At the same time, CU-UP could forward the packet duplication information (percentage of overall duplicated packets for the measurement period) to the TCE. 
Equipped with these L2 measurements on the duplicated and non-duplicated packets, OAM can calculate total throughput for the split bearer using below formula:


Where,  is the total calculated throughput for a split-bearer,
 is MN throughput reported by MN-DU,
 is SN throughput reported by SN-DU,
 is the rate of duplicated packet reported by CU-UP in the range of [0,1] with respect to the total number of packets
 is the ratio of non-duplicated packet reported by CU-UP in the range of [0,1] with respect to the total number of packets i.e., the packets sent only either via MN or via SN only.
We provide examples below to illustrate how the total throughput can be calculated using the above formula.
Consider a scenario where MN-DU has reported throughput to be 100 Mbits/s over MSG and SN-DU has reported it as 50 Mbits/s over SCG i.e.:



1) Case 1: No duplication.
In this case .
= 150 Mbits/s
In this scenario the UE receives unique/non-duplicated packets from both MN and SN. Therefore, the total throughput on this split bearer is the sum of the throughput on the MN (or MCG) and the throughput on the SN (or SCG).

2) Case 2: Full duplication
This case ,
And the calculated throughput
= 100 Mbits/s
In this scenario the UE receives duplicated packets from both MN and SN. Therefore, the overall throughput on this split bearer is the maximum throughput on the MN and SN. 

3) Case 3: Some duplication
Assume 25% duplication, i.e. ,
And the calculated throughput
= 137.5 Mbits/s
In this scenario the UE receives few duplicated packets (25% of the total packets) from both MN and SN. Therefore, the overall throughput on this split bearer is the maximum throughput on the MN and SN for the duplicated packets and for the rest, it is the sum of the throughputs on the MN leg and SN leg time to the ratio of the non-duplicated packets. 

Based on the above, OAM would require the following parameters to calculate the total throughput in the case of split bearer configuration in dual connectivity scenarios.
1) Throughput during the measurement period as reported by MN DU.
2) Throughput during the measurement period as reported by SN DU.
3) Percentage of packets for which duplication was enabled during the measurement period as reported by CU-UP.

[bookmark: _Toc85559689][bookmark: _Toc95136082][bookmark: _Toc101790168]For total throughput calculation at the OAM, the L2measurements agreed for M6 measurement, (i.e., number of non-duplicated packets through MN and SN, and total number of duplicated packets along with the individual MN and SN throughput components) are needed to be shared with TCE beside the individual throughput per leg.
2.2	M7 measurements
Packet loss rate measurements comprise of both Uu and F1 packet loss rates for DL and UL transmissions. For UL transmissions, packet loss rates can be calculated at CU-UP. However, for DL packets, CU-UP lacks the knowledge of transmitted/lost packets and hence this is calculated in DUs. Each DU can calculate packet loss rate and send individual values to TCE along with some indication of duplication information. Like M5 measurements, TCE can calculate packet loss rates with the provided information.
If the CU-UP shares same L2 measurements agreed for M6 measurement with the TCE in the case of M7 measurements, the TCE can use the measurements to calculate the overall packet loss rate based on the packet loss rate components received from the MN and SN DUs (in case of downlink data transmission).
In following, we provide an example of how packet loss rate can be calculated in OAM given that the proposed information (percentage of duplicated and non-duplicated packets) are provided by CU-UP to the OAM.
The OAM receives four different measurements associated to packet loss rate for a split bearer scenario and on top of this the OAM can receive additional information from the CU-UP using which the OAM can derive the overall packet loss rate for the split bearer. Consider the following example.
In total 1000 packets were sent by the CU-UP of which 100 packets were duplicated. Amongst the 900 remaining packets, 50 packets were sent over MN (low band cell with small bandwidth) and 850 packets were sent over SN (high band cell with large bandwidth). Now, MN reports a Uu packet loss rate of 2% and the SN reports a Uu packet loss rate of 1% during the measurement period. 
Based on all the above information, one could calculate the total packet loss rate as follows.
· Probability of losing a duplicated packet = 2%*1% =  0.02%

Therefore, the overall packet loss rate is (9.502/1000)*100%= 0.9502%
Thus, to calculate the overall Uu packet loss rate in a split bearer scenario, the OAM would require the following measurements.

1) MN gNB-DU Uu packet loss rate
2) SN gNB-DU Uu packet loss rate 
3) Number of duplicated packets during the measurement period
4) Number of non-duplicated packets sent over MN
5) Number of non-duplicated packets sent over SN 

[bookmark: _Toc85559683][bookmark: _Toc95136086][bookmark: _Toc101790169]To calculate the overall Uu packet loss rate in a split bearer scenario, the OAM would require the following measurements:
1) [bookmark: _Toc85559684][bookmark: _Toc95136087][bookmark: _Toc101790170]MN gNB-DU Uu packet loss rate
2) [bookmark: _Toc85559685][bookmark: _Toc95136088][bookmark: _Toc101790171]SN gNB-DU Uu packet loss rate 
3) [bookmark: _Toc85559686][bookmark: _Toc95136089][bookmark: _Toc101790172]Number of duplicated packets during the measurement period
4) [bookmark: _Toc85559687][bookmark: _Toc95136090][bookmark: _Toc101790173]Number of non-duplicated packets sent over MN
5) [bookmark: _Toc85559688][bookmark: _Toc95136091][bookmark: _Toc101790174]Number of non-duplicated packets sent over SN.

Thus, for both M5 and M7 measurements, we propose the following
[bookmark: _Toc101790166]Duplication information for M6 measurements in case of split bearer, i.e., number of packets sent through MN and SN, and number of duplicated packets are measured for M5 and M7 measurements. Thus, the newly introduced measurement counters in 38.314 are also applicable for M5 and M7.
[bookmark: _Ref189046994]3	Conclusion
In the previous sections we made the following observations: 
Observation 1	For total throughput calculation at the OAM, the  L2measurements agreed for M6 measurement, (i.e., number of non-duplicated packets through MN and SN, and total number of duplicated packets along with the individual MN and SN throughput components) are needed to be shared with TCE beside the individual throughput per leg.
Observation 2	To calculate the overall Uu packet loss rate in a split bearer scenario, the OAM would require the following measurements:
1)	MN gNB-DU Uu packet loss rate
2)	SN gNB-DU Uu packet loss rate
3)	Number of duplicated packets during the measurement period
4)	Number of non-duplicated packets sent over MN
5)	Number of non-duplicated packets sent over SN.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Calculation of number of packets sent through MN and SN per UE per DRB, and number of duplicated packets are introduced as new L2 measurements in 38.314.
Proposal 2	RAN2 is kindly requested to accept the annexed TP capturing the agreed measurement counters per UE for split DRBs required for total RAN delay calculation at the TCE/OAM.
Proposal 3	Duplication information for M6 measurements in case of split bearer, i.e., number of packets sent through MN and SN, and number of duplicated packets are measured for M5 and M7 measurements. Thus, the newly introduced measurement counters in 38.314 are also applicable for M5 and M7.
 

[bookmark: _In-sequence_SDU_delivery]Text Proposal
4.2.1.x Number of PDCP Packets in Split-DRB Scenario
4.2.1.x.1 Number of PDCP Non-duplicated Packets per cell group per Split-DRB per UE
The objective of this measurement is to calculate number of PDCP non-duplicated packets sent per cell group per UE per split DRB, for OAM performance observability.
Protocol layer: PDCP
Table 4.2.1.x.1-1: Definition for total number of PDCP non-duplicated packets per CG per Split-DRB per UE
	[bookmark: _Hlk23109125]Definition
	Total number of PDCP non-duplicated packet sent over per cell groups per DRB per UE. This measurement is applicable for EN-DC and SA. This measurement provides the total number of PDCP non-duplicated packets sent over per cell groups. 

Detailed Definition:
| P(T, drbid)|, where  
explanations can be found in the table 4.2.1.x.1-2 below.



Table 4.2.1.x.1-2: Parameter description for total number of PDCP non-duplicated packets per CG per Split-DRB per UE
	
	Total number of PDCP non-duplicated packets sent per CG per DRB per UE during the time period .

	 P(T, drbid)
	A set of PDCP non duplicated packets sent per CG per UE per split DRB during the time period T.

	|P(T, drbid)|
	Cardinality of the set P.



4.2.1.x.2 Number of PDCP duplicated Packets per Split-DRB per UE

The objective of this measurement is to calculate number of PDCP duplicated packets per cell group per UE per split DRB, for OAM performance observability.
Protocol layer: PDCP
Table 4.2.1.x.1-1: Definition for total number of PDCP duplicated packets per Split-DRB per UE
	Definition
	Total number of PDCP duplicated packet sent per Split-DRB per UE. This measurement is applicable for EN-DC and SA. This measurement provides the total number of PDCP duplicated packets sent over per DRB.

Detailed Definition:
|P(T, drbid)|, where
explanations can be found in the table 4.2.1.x.1-2 below.



Table 4.2.1.x.1-2: Parameter description for total number of PDCP duplicated packets per Split-DRB per UE
	
	Total number of PDCP duplicated packets sent per Split-DRB per UE during the time period .

	 P(T, drbid)
	A set of PDCP duplicated packets sent per split DRB per UE during the time period T.

	|P(T, drbid)|
	Cardinality of the set P.
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