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1	Introduction
Immediate MDT measurements M5, M6 and M7 measurements were discussed as part of RAN2#113 – 853 email discussion. In that email discussion, there was consensus on PDCP duplication status indication to the OAM. 
Summary proposal 3: For the accuracy of the result, the M6 result with data marker (duplication indicator) could be sent to the OAM by CU.


In this contribution, we discuss further details associated to such data markers that could be sent from the CU-UP to the OAM which further enhances the immediate MDT feature.
[bookmark: _Ref178064866]2	Discussion
The duplication status indicator enables the OAM to identify how many packets were duplicated during the measurement interval. We would like highlight that the CU-UP could dynamically enable/disable PDCP duplication during the measurement interval of MDT. This could be done for robustness reason or enhancing the throughput etc. Therefore, just a flag (PDCP duplication ON or PDCP duplication OFF) cannot be the correct data marker associated to the M6 measurement that is sent to the OAM.
[bookmark: _Toc78986629]The CU-UP could dynamically enable/disable PDCP duplication during the measurement interval of MDT. Therefore, the PDCP duplication data marker associated to the M6 measurement that is sent to the OAM cannot be just a ON/OFF flag.
To ensure that the dynamicity of PDCP duplication is handled during the measurement period, the CU-UP could include further detailed counters with the OAM. The following has already been in agreed in RAN2#113 meeting in January for the total RAN delay computation that needs to be reported to the Core network for end-to-end QoS monitoring purposes.
For QoS monitoring related delay reporting to CN, ‘weighted average (consider the number of packets) over MN and SN’ is used to calculate the total delay measurement M6 over MCG/SCG for split bearers WITHOUT PDCP duplication. 

In this agreement, it is already indicated that the total RAN delay calculation requires one to know the number of packets sent over MN and the number of packets sent over SN when the PDCP duplication is not enabled. Therefore, the same information can be conveyed to the OAM as well. 
[bookmark: _Toc78986630]OAM could benefit from knowing the number of packets sent over MN and the number of packets sent over SN when the PDCP duplication is not enabled do that the OAM can compute the total RAN delay, if required.
We believe that the same information is also useful for M5 and M7 measurements as well. We provide the reasoning for the inclusion of such measurements and some additional measurements as well.
2.1	Overall packet loss rate calculation by OAM for split bearer scenarios
Packet loss rate measurement includes the following two packet loss rate components.
1) Uu packet loss rate which is the total number of packets that were not sent/received to/from the UE in DL/UL by the DU. In a split bearer deployment, packets are sent from both MN and SN. 
2) F1-U/X2/Xn packet loss rate. Again, here also there will be two components one each for MN and SN.
Based on the above, 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: _Toc78986631]To calculate the overall Uu packet loss rate in a split bearer scenario, the OAM would require the following measurements:
1) [bookmark: _Toc78986632]MN gNB-DU Uu packet loss rate
2) [bookmark: _Toc78986633]SN gNB-DU Uu packet loss rate 
3) [bookmark: _Toc78986634]Number of duplicated packets during the measurement period
4) [bookmark: _Toc78986635]Number of non-duplicated packets sent over MN
5) [bookmark: _Toc78986636]Number of non-duplicated packets sent over SN.

2.2	Overall throughput calculation by OAM for split bearer scenarios
For split-bearer scenario, MN DU and SN DU could forward the individual throughput 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 three information, OAM can calculate total throughput for the 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 percentage of duplicated packet reported by CU-UP.
 is the percentage of non-duplicated packet reported by CU-UP i.e., these packets were sent either via MN or via SN only.


We provide examples below to exemplify how throughput can be computed using the above formula.
Consider a scenario where MN-DU has reported throughput to be 100 bits/s and SN-DU has reported it as 50 bits/s i.e.:



1) Case 1: No duplication.
In this case .
= 150 bits/s
This is reasonable as the UE receives unique packets from both MN and SN. Therefore, the overall throughput on this split bearer is the sum of the throughput on the MN side and the throughput on the SN side.

2) Case 2: Full duplication
This case ,
And the calculated throughput
= 100 bits/s
This is reasonable as the UE receives duplicated packets from both MN and SN. Therefore, the overall throughput on this split bearer is the best of the throughput on the MN side or the throughput on the SN side. 

3) Case 3: Some duplication
Assume 25% duplication, i.e. ,
And the calculated throughput
= 137.5 bits/s
This is also reasonable as the UE receives few duplicated packets from both MN and SN. Therefore, the overall throughput on this split bearer is the best of the throughput on the MN side or the throughput on the SN side for the duplicated packets and for the rest, it is the sum of the throughputs on the MN leg and SN leg. 

Based on the above, OAM would require the following parameters to compute the overall throughput in the case of split bearer deployments.
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 packet duplication enabled during the measurement period as reported by CU-UP.

[bookmark: _Toc78986637]Total throughput can be computed by the OAM with the following information.
a. [bookmark: _Toc78986638]Throughput during the measurement period as reported by MN DU.
b. [bookmark: _Toc78986639]Throughput during the measurement period as reported by SN DU.
c. [bookmark: _Toc78986640]Percentage of packet duplication enabled during the measurement period as reported by CU-UP.

Based on the above descriptions in section 2.1 and 2.2, we propose the following.
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc78986641]Introduce new layer-2 measurements to be performed by the CU-UP in association to M5, M6 and M7 measurements in split bearer scenarios.
[bookmark: _Toc78986642]1) Number of duplicated packets during the measurement period
[bookmark: _Toc78986643]2) Number of non-duplicated packets sent over MN during the measurement period
[bookmark: _Toc78986644]3) Number of non-duplicated packets sent over SN during the measurement period

Conclusion
In the previous sections we made the following observations: 
Observation 1	The CU-UP could dynamically enable/disable PDCP duplication during the measurement interval of MDT. Therefore, the PDCP duplication data marker associated to the M6 measurement that is sent to the OAM cannot be just a ON/OFF flag.
Observation 2	OAM could benefit from knowing the number of packets sent over MN and the number of packets sent over SN when the PDCP duplication is not enabled do that the OAM can compute the total RAN delay, if required.
Observation 3	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.
Observation 4	Total throughput can be computed by the OAM with the following information.
a.	Throughput during the measurement period as reported by MN DU.
b.	Throughput during the measurement period as reported by SN DU.
c.	Percentage of packet duplication enabled during the measurement period as reported by CU-UP.
 Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce new layer-2 measurements to be performed by the CU-UP in association to M5, M6 and M7 measurements in split bearer scenarios.
1) Number of duplicated packets during the measurement period
2) Number of non-duplicated packets sent over MN during the measurement period
3) Number of non-duplicated packets sent over SN during the measurement period
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