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1	Introduction
This contribution discusses the new layer-2 measurements that might be required to realize some of the MDT related measurements in Rel-17. 
[bookmark: _Ref178064866]2	Discussion
As the DC scenario is associated to connected mode, the immediate MDT configurations in (NG)EN-DC, NR-DC and NE-DC shall be supported in Rel-17. Further, it has already been agreed [1] that the M5/M6/M7 measurements for the split bearers will be studied and standardized in Rel-17.
=>	Study the support of logged and Immediate MDT in MR-DC scenario. For M5/M6/M7, it is proposed to apply them for EN-DC/MR-DC cases with different bear types. FFS on details. 

One aspect of delay measurement usage is to report the for the QoS assurance functions running in the core network. As part of this, in Rel-16 a framework is built to standardize the interface related enhancements to include the total RAN delay measurement reporting from the RAN to the CN. As of Rel-16, only MN terminated MCG bearer related total RAN delay and SN terminated SCG bearer related total RAN delay are considered to the reported from the RAN to the SN. In Rel-17, Split bearer related total RAN delay shall also be considered. Associated to this, total RAN delay needs to be calculated in MN terminated split bearer and SN terminated split bearer scenarios. 
1. [bookmark: _Toc54281296]Delay measurement calculation for split bearer (MN terminated split bearer and SN terminated split bearer) will be handled in Rel-17.
In a split bearer deployment, the UE receives the data on a DRB using both the MCG and the SCG. hence multiple delay values are needed to be aggregated in RAN to compute the total delay. In the following, we discuss this aggregation for the computation of total RAN delay for split bearer with PDCP duplication and without PDCP duplication scenarios separately.
Split bearers with PDCP duplication
In the case of split bearer with PDCP duplication, the same packet is sent over both the MCG and the SCG. 
In such a scenario, the actual delay experienced by a DL packet as perceived by the UE would be the minimum of the delay experienced by the packet on each of the paths. The only common part is the delay experienced at the CU-UP (D4). 
A packet sent by CU-UP over MN further experiences the D1+D2+D3 delay before the UE receives this packet and this delay is measured on the MN side. A packet sent by CU-UP over SN further experiences the D1+D2+D3 delay before the UE receives this packet and this delay is measured on the SN side. Therefore, when the same packet is sent over both MN and SN, then the overall delay experienced will be the minimum of the delay experienced by the packet on the MN leg (D1+D2+D3 as measured by MN) and on the SN leg (D1+D2+D3 as measured by SN).
[bookmark: _Toc54281298]In MN/SN terminated split bearer scenarios with PDCP duplication in the DL, the total RAN delay is the sum of the following components:
a. [bookmark: _Toc54281299]CU-UP delay (D4)
b. [bookmark: _Toc54281300]Minimum of [MCG associated (D1+D2+D3), SCG associated(D1+D2+D3)]
Similarly, for the UL, there is an additional D1 measurement that is reported by the UE. A packet sent by the UE over MN further experiences the D1+D2.1+ D2.2+D2.3 delay before the CU-UP receives this packet and this delay is measured on the MN side. A packet sent by the UE over SN further experiences the D1+D2.1+ D2.2+D2.3 delay before the CU-UP receives this packet and this delay is measured on the SN side. Therefore, when the same packet is sent over both MN and SN, then the overall delay experienced will be the minimum of the delay experienced by the packet on the MN leg (D1+D2.1+D2.2+D2.3 as measured by MN) and on the SN leg (D1+D2.1+D2.2+D2.3as measured by SN).
[bookmark: _Toc54281301]In MN/SN terminated split bearer scenarios with PDCP duplication in the UL, the total RAN delay is the sum of the following components:
c. [bookmark: _Toc54281302]CU-UP delay (D2.4)
d. [bookmark: _Toc54281303]Minimum of [MCG associated (D1+D2.1+D2.2+D2.3), SCG associated(D1+D2.1+D2.2+D2.3)]

Split bearers without PDCP duplication
In the case of split bearer without PDCP duplication, different packets associated to the DRB are sent over the MCG and the SCG.
In such a scenario, the actual delay experienced by different packets during a measurement period would depend on whether the packet was sent over MN or over SN as the delay experienced by these packets could be very different.  Further, as a single measurement KPI needs to be derived for all the packets sent from the CU-UP during the said measurement period, this further depends on the number of packets sent over MCG and SCG. Consider the following example.
Example scenario with split bearer related DL transmission without PDCP duplication
	Number of packets sent over MCG during the measurement period
	100 

	Total delay experienced on MN side (other than CU-UP delay): D1+D2+D3
	15ms

	Number of packets sent over SCG during the measurement period
	20

	Total delay experienced on SN side (other than CU-UP delay): D1+D2+D3
	3ms


If a simple averaging of the above measurements are used, then the total RAN delay would be (15 + 3)/2 i.e., 9 ms.  So, the CN is reported that the average packet delay in the RAN is 9ms. However, this is misleading.
1. [bookmark: _Toc54281297]Using simple averaging of total MN delay and total SN delay would result is misleading total RAN delay in the case of split bearers without PDCP duplication where different number of packets are sent over MCG and SCG.
Therefore, there is a need for introducing the weighted averaging the total delay wherein the weightage used is based on the number of packets sent over MCG and SCG during the measurement period for the associated DRB. 
For the associated example given above, the total RAN delay (without CU-UP part) when the weighted averaging delay is used would be:

Based on the above example, it is clear that the weighted average based total RAN delay computation provides the ‘correct’ value of total RAN delay. This principle is equally applicable for UL packets as well.
[bookmark: _Toc54281304]In MN/SN terminated split bearer scenarios without PDCP duplication in the DL, the total RAN delay is the sum of the following components:
e. [bookmark: _Toc54281305]CU-UP delay (D4)
f. [bookmark: _Toc54281306]Weighted average of [MCG associated (D1+D2+D3), SCG associated(D1+D2+D3)] wherein the weightage depends on the number of DL packets sent over MCG and SCG during the measurement period.
[bookmark: _Toc54281307]In MN/SN terminated split bearer scenarios without PDCP duplication in the UL, the total RAN delay is the sum of the following components:
g. [bookmark: _Toc54281308]CU-UP delay (D2.4)
h. [bookmark: _Toc54281309]Weighted average of [MCG associated (D1+D2.1+D2.2+D2.3), SCG associated(D1+D2.1+D2.2+D2.3)] wherein the weightage depends on the number of UL packets sent over MCG and SCG during the measurement period.
Based on the above, there is a need to standardize the measurements associated to the number of packets sent over MCG and the number of packets sent over SCG during the delay measurement related measurement period.
[bookmark: _Toc54281310]Associated to a split bearer, the CU-UP shall log the number of packets sent to the MN DU and the number of packets sent to the SN DU during the measurement period (separately for UL and DL).
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Conclusion
In the previous sections we made the following observations: 
Observation 1	Delay measurement calculation for split bearer (MN terminated split bearer and SN terminated split bearer) will be handled in Rel-17.
Observation 2	Using simple averaging of total MN delay and total SN delay would result is misleading total RAN delay in the case of split bearers without PDCP duplication where different number of packets are sent over MCG and SCG.

Based on the discussion in the previous sections we propose the following:
Proposal 1	In MN/SN terminated split bearer scenarios with PDCP duplication in the DL, the total RAN delay is the sum of the following components:
a.	CU-UP delay (D4)
b.	Minimum of [MCG associated (D1+D2+D3), SCG associated(D1+D2+D3)]
Proposal 2	In MN/SN terminated split bearer scenarios with PDCP duplication in the UL, the total RAN delay is the sum of the following components:
a.	CU-UP delay (D2.4)
b.	Minimum of [MCG associated (D1+D2.1+D2.2+D2.3), SCG associated(D1+D2.1+D2.2+D2.3)]
Proposal 3	In MN/SN terminated split bearer scenarios without PDCP duplication in the DL, the total RAN delay is the sum of the following components:
a.	CU-UP delay (D4)
b.	Weighted average of [MCG associated (D1+D2+D3), SCG associated(D1+D2+D3)] wherein the weightage depends on the number of DL packets sent over MCG and SCG during the measurement period.
Proposal 4	In MN/SN terminated split bearer scenarios without PDCP duplication in the UL, the total RAN delay is the sum of the following components:
a.	CU-UP delay (D2.4)
b.	Weighted average of [MCG associated (D1+D2.1+D2.2+D2.3), SCG associated(D1+D2.1+D2.2+D2.3)] wherein the weightage depends on the number of UL packets sent over MCG and SCG during the measurement period.
Proposal 5	Associated to a split bearer, the CU-UP shall log the number of packets sent to the MN DU and the number of packets sent to the SN DU during the measurement period (separately for UL and DL).
[bookmark: _In-sequence_SDU_delivery]
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