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1	Introduction
This is a summary for R17 L2M. 4 contributions are submitted to AI 8.13.4. [1] is the report of email discussion. This contribution only summarized [2-4], which mainly focused on delay measurement. 
[1] R2-2100703	Report of [Post112-e][852][NR R17 SONMDT]  R17 L2M enhancement (vivo)	vivo
[2] R2-2100288	Discussion on L2 measurements for split bearers	China Telecommunication
[3] R2-2101417	On layer-2 measurements	Ericsson
[4] R2-2101698	Discussion on L2M	Huawei, HiSilicon
2	Delay measurement
2.1	Total RAN Delay measurement calculation in split bearer without PDCP duplication
In the email discussion[1], companies expressed their opinion on the total delay calculation for the configuration without PDCP duplication.
Q13.2: Which option do you support for the total delay measurement M6 over MCG/SCG for split bearers without PDCP duplication?
Option 1: the maximum value between two legs;
Option 2: the minimum value between two legs;
Option 3: no differentiation;
Option 4: other (please specify).
Here are companies’ views on the solutions during the email discussion [1]. But no consensus is achieved.
	Method
	Couting

	Option 1
	2 companies (vivo, Nokia)

	Option 3
	1 company (KDDI)

	Option 4a (weighted average)
	3 companies (QC,E///,OPPO)

	Option 4b (simply by average)
	1 companies (HW)

	Option 4c (raw data)
	1 company (ZTE)


In the contributions [2~4], companies further discuss on which solution is applied for split bearers without PDCP duplication.
2.1.1 Solution-1: Raw measurements’ reporting
Here is Ericsson’s observations on solution 1 [3].
[bookmark: _Toc61532272]Observation 1: There is no need to compute the total RAN delay for split bearer with PDCP duplication for the immediate MDT related purposes.
[bookmark: _Toc61532273]Observation 2: Solution-1 (raw measurements as received over individual legs) is not applicable for CN related reporting as the CN needs to know a single total RAN delay to use for the QoS monitoring purposes.

2.1.2 Solution-2: Maximum value between two legs
Here is Ericsson’s observations on solution 2 [3].
[bookmark: _Toc61532274]Observation 3: In the case of split bearer with PDCP duplication, MN terminated MCG bearer, SN terminated SCG bearer etc., the average RAN delay reported to the CN is the average delay experienced by the packets that were transmitted/received for DL/UL respectively during the measurement period.
[bookmark: _Toc61532275]Observation 4: The method captured in Solution-2 results in uneven weighting of the packets and thus results in ‘wrong’ average value for the delay measurement. 
However, Huawei see the following 3 benefits to collect both min and max value for delay measurement monitoring [4]:
1) Both min and max values are also useful for delay measurement monitoring, the maximum and minimum values can be used for network layer delay demarcation and locating. For example, the network requires a total delay of 20 ms. According to the reported data, the average delay of a network segment is 3 ms, but the maximum delay is 200 ms. In this way, the problem occurs on the network segment.
2) For delay measurement, we think it is important to track the ‘bad’ packets, i.e. the packets with long delay, otherwise there may be gaps between real QoS and the reported delay measurements.
3) operators may want to see such extreme values for more information
And Huawei proposed RAN2 to discuss on the max and min value for delay measurement.
Proposal 1: It is proposed RAN2 to discuss maximum and minimum values for delay measurement.

2.1.3 Solution-3: Simple average between two legs
Here is Ericsson’s observations on solution 3 [3].
[bookmark: _Toc61532276]Observation 5: The method captured in Solution-3 results in uneven weighting of the packets and thus results in ‘wrong’ average value for the delay measurement. 
[bookmark: _Toc61532277]Observation 6: The method captured in Solution-3 fails for the scenarios when the number of packets sent over the MCG and the number of packets sent over the SCG are different for the measurement period. 

2.1.4 Solution-4: Weighted average between two legs
Ericsson [3] and China Telecom [2] both support solution 4. Both companies thought that for QoS monitoring related delay reporting to CN, weight average considering the number of packets over MN and SN (i.e. option b) can reflect accurately the average total delay of all the packets of the same split bear over MN and SN. Here are the observation and proposals:
[bookmark: _Toc61532278]Observation 7: Using simple averaging (solution-3) 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.

[bookmark: _Toc61532280]Proposal 2: 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. [bookmark: _Toc61532281]CU-UP delay (D4)
b. [bookmark: _Toc61532282]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: _Toc61532283]Proposal 3: 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) [bookmark: _Toc61532284]CU-UP delay (D2.4)
b) [bookmark: _Toc61532285]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.
[bookmark: _Toc61532286]Proposal 4: 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).

2.2 Coordination between MN and SN for total Delay computation associated to CN reporting 
For MN terminated SCG bearer and SN terminated MCG bearer, regarding to which node sends the D1 measurement configuration to UE China Telecom proposed that the terminated node should send the D1 configuration to UE [2].
Proposal 5: For MN terminated SCG bearer and SN terminated MCG bearer, the terminated node, e.g., MN in case of MN terminated SCG bearer, configures the configuration to UE.
For MN terminated split bearer and SN terminated split bearer, regarding to which node sends the D1 measurement configuration to UE, China Telecom proposed that it should be the node hosting the PDCP entity [2].
Proposal 6: Only the node hosting the PDCP entity configures the D1 measurement for MN terminated split bearer and SN terminated split bearer. UE reports two D1s to the node hosting the PDCP entity in one RRC message.

Delay measurement report for QoS purpose towards CN is left out of the above discussion. Total RAN delay needs to be calculated in this scenario; hence multiple delay values are needed to be aggregated in RAN. 
In the following section, Ericsson [3] proposed the solutions for aggregation and reporting of total RAN delay towards CN.

2.2.1 MN terminated SCG bearer
Ericsson [3] proposed the following solutions for aggregation and reporting for MN terminated SCG bearer.
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[bookmark: _Ref53479052]Figure 10: Report transfer between UE and network elements (MN terminated SCG bearer)
[bookmark: _Toc59531013][bookmark: _Toc61532287]Proposal 7: For RAN delay measurement reporting to CN, different RAN delay components in a MN terminated SCG bearer scenario are aggregated at MN CU-UP as follows:
a) [bookmark: _Toc59531014][bookmark: _Toc61532288]MN CU-UP performs D2.3 and D2.4 measurements
b) [bookmark: _Toc59531015][bookmark: _Toc61532289]UE sends D1 measurement to SN CU-CP which is then forwarded to MN CU-CP which in turn forwards it to MN CU-UP.
c) [bookmark: _Toc59531016][bookmark: _Toc61532290]SN DU performs D2.1 and D2.2 measurements and reports it to the MN CU-UP. 
d) [bookmark: _Toc59531017][bookmark: _Toc61532291]MN CU-UP combines these measurements and reports it to the CN.


2.2.2 SN terminated MCG bearer
[bookmark: _Hlk54102020]Ericsson [3] proposed the following solutions for aggregation and reporting for SN terminated MCG bearer.
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Figure 11: Report transfer between UE and network elements (SN terminated MCG bearer)
[bookmark: _Toc59531018][bookmark: _Toc61532292]Proposal 8: For RAN delay measurement reporting to CN, different RAN delay components in a SN terminated MCG bearer scenario are aggregated at SN CU-UP as follows:
a) [bookmark: _Toc59531019][bookmark: _Toc61532293]SN CU-UP performs D2.3 and D2.4 measurements
b) [bookmark: _Toc59531020][bookmark: _Toc61532294]UE sends D1 measurement to MN CU-CP which is then forwarded to SN CU-CP which in turn forwards it to SN CU-UP.
c) [bookmark: _Toc59531021][bookmark: _Toc61532295]MN DU performs D2.1 and D2.2 measurements and reports it to the SN CU-UP. 
d) [bookmark: _Toc59531022][bookmark: _Toc61532296]SN CU-UP combines these measurements and reports it to the CN.

2.2.3 MN terminated Split bearer
[bookmark: _Ref53480447]Ericsson [3] proposed the following solutions for aggregation and reporting for MN terminated split bearer.
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Figure 12: Report transfer between UE and network elements (MN terminated Split bearer)
[bookmark: _Toc59530988][bookmark: _Toc61532279]Observation 8: In Split bearer deployments, UE observes different D1 measurement values for MN and SN
[bookmark: _Toc59531023][bookmark: _Toc61532297]Proposal 9: For RAN delay measurement reporting to CN, different RAN delay components in a MN terminated split bearer scenario are aggregated at MN CU-UP as follows:
a) [bookmark: _Toc59531024][bookmark: _Toc61532298]MN CU-UP performs two D2.3 measurements and a D2.4 measurement
b) [bookmark: _Toc59531025][bookmark: _Toc61532299]UE sends one D1 measurement to MN CU-CP which is then forwarded to MN CU-UP.
c) [bookmark: _Toc59531026][bookmark: _Toc61532300]UE sends another D1 measurement to SN CU-CP which is then forwarded to MN CU-CP which is then further forwarded to MN CU-UP.
d) [bookmark: _Toc59531027][bookmark: _Toc61532301]MN DU performs D2.1 and D2.2 measurements and reports it to the MN CU-UP.
e) [bookmark: _Toc59531028][bookmark: _Toc61532302]SN DU performs D2.1 and D2.2 measurements and reports it to the MN CU-UP. 
f) [bookmark: _Toc59531029][bookmark: _Toc61532303]MN CU-UP combines these measurements and reports it to the CN.

2.2.4 SN terminated Split bearer
Ericsson [3] proposed the following solutions for aggregation and reporting for SN terminated split bearer.
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[bookmark: _Ref53482130]Figure 13: Report transfer between UE and network elements (SN terminated Split bearer)
[bookmark: _Toc59531030][bookmark: _Toc61532304]Proposal 10: For RAN delay measurement reporting to CN, different RAN delay components in a SN terminated split bearer scenario are aggregated at SN CU-UP as follows:
a) [bookmark: _Toc59531031][bookmark: _Toc61532305]SN CU-UP performs two D2.3 measurements and a D2.4 measurement
b) [bookmark: _Toc59531032][bookmark: _Toc61532306]UE sends one D1 measurement to SN CU-CP which is then forwarded to SN CU-UP.
c) [bookmark: _Toc59531033][bookmark: _Toc61532307]UE sends another D1 measurement to MN CU-CP which is then forwarded to SN CU-CP which is then further forwarded to SN CU-UP.
d) [bookmark: _Toc59531034][bookmark: _Toc61532308]SN DU performs D2.1 and D2.2 measurements and reports it to the SN CU-UP.
e) [bookmark: _Toc59531035][bookmark: _Toc61532309]MN DU performs D2.1 and D2.2 measurements and reports it to the SN CU-UP. 
f) [bookmark: _Toc59531036][bookmark: _Toc61532310]SN CU-UP combines these measurements and reports it to the CN.
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2.4 Other delay measurements
2.4.1	Histogram of packet delay
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Huawei proposed to introduce histogram of packet delay [4]. The motivation is that, the operators (carriers or vertical industry customers) may want to know more details, e.g. the histogram of packet delay, and such information will not only give an overview of delay status but also enable more useful analysis.
Regarding how the histogram of packet delay works, an example is provided:
The network can configure some ranges, e.g. 0ms – 1ms, 1ms – 5ms, 5ms – 10ms, 10ms – 100ms, 100ms – 1s, above 1s, and send then to the UE for D1 measurements
After the UE receives the configuration from the NW, the UE performs measurements. For each measurement period, the UE counts the number for each range and thus the ratio information is also generated
The UE finalizes the histogram of packet delay and report it to the network, e.g. 0ms – 1ms (80%), 1ms – 5ms (20%), 5ms – 10ms (0%), 10ms – 100ms (0%), 100ms – 1s (0%), above 1s (0%)
Proposal 11: It is proposed RAN2 to discuss reporting of the histogram of the PDCP queuing delay.

2.4.2	Packet reliability
Huawei proposed to introduce packet relibility measurement [4]. The motivation is that operators (carriers or vertical industry customers) may want to know the delay measurement at a percentage level.
The measurement can be defined as:
· during a period, the packets go through 3GPP networks can be grouped
· there is X for the targeted delay, e.g. X=20ms
· there is also Y for the percentage of packets which are equal or less than X for the delay
· with X and Y, operators will know the packet reliability and then act correspondlingly
Proposal 12: It is proposed RAN2 to discuss the packet relibility measurement, where it reflects the percentage of packets which meet the targeted delay.
3	Conclusion
Here are the proposals for the summary.
Solution-1: Raw measurements’ reporting
Observation 1: There is no need to compute the total RAN delay for split bearer with PDCP duplication for the immediate MDT related purposes.
Observation 2: Solution-1 (raw measurements as received over individual legs) is not applicable for CN related reporting as the CN needs to know a single total RAN delay to use for the QoS monitoring purposes.
Solution-2: Maximum value between two legs
Observation 3: In the case of split bearer with PDCP duplication, MN terminated MCG bearer, SN terminated SCG bearer etc., the average RAN delay reported to the CN is the average delay experienced by the packets that were transmitted/received for DL/UL respectively during the measurement period.
Observation 4: The method captured in Solution-2 results in uneven weighting of the packets and thus results in ‘wrong’ average value for the delay measurement. 
Proposal 1: It is proposed RAN2 to discuss maximum and minimum values for delay measurement.
Solution-3: Simple average between two legs 
Observation 5: The method captured in Solution-3 results in uneven weighting of the packets and thus results in ‘wrong’ average value for the delay measurement. 
Observation 6: The method captured in Solution-3 fails for the scenarios when the number of packets sent over the MCG and the number of packets sent over the SCG are different for the measurement period. 
Solution-4: Weighted average between two legs
Observation 7: Using simple averaging (solution-3) 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.
Proposal 2: 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 3: 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 4: 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).
Configuration of D1 measurement for MN/SN terminated SCG/MCG/split bearer
Proposal 5: For MN terminated SCG bearer and SN terminated MCG bearer, the terminated node, e.g., MN in case of MN terminated SCG bearer, configures the configuration to UE.
Proposal 6: Only the node hosting the PDCP entity configures the D1 measurement for MN terminated split bearer and SN terminated split bearer. UE reports two D1s to the node hosting the PDCP entity in one RRC message.
MN terminated SCG bearer
Proposal 7: For RAN delay measurement reporting to CN, different RAN delay components in a MN terminated SCG bearer scenario are aggregated at MN CU-UP as follows:
a) MN CU-UP performs D2.3 and D2.4 measurements
b) UE sends D1 measurement to SN CU-CP which is then forwarded to MN CU-CP which in turn forwards it to MN CU-UP.
c) SN DU performs D2.1 and D2.2 measurements and reports it to the MN CU-UP. 
d) MN CU-UP combines these measurements and reports it to the CN.
SN terminated MCG bearer
Proposal 8: For RAN delay measurement reporting to CN, different RAN delay components in a SN terminated MCG bearer scenario are aggregated at SN CU-UP as follows:
a) SN CU-UP performs D2.3 and D2.4 measurements
b) UE sends D1 measurement to MN CU-CP which is then forwarded to SN CU-CP which in turn forwards it to SN CU-UP.
c) MN DU performs D2.1 and D2.2 measurements and reports it to the SN CU-UP. 
d) SN CU-UP combines these measurements and reports it to the CN.
MN terminated Split bearer
Observation 8: In Split bearer deployments, UE observes different D1 measurement values for MN and SN
Proposal 9: For RAN delay measurement reporting to CN, different RAN delay components in a MN terminated split bearer scenario are aggregated at MN CU-UP as follows:
a) MN CU-UP performs two D2.3 measurements and a D2.4 measurement
b) UE sends one D1 measurement to MN CU-CP which is then forwarded to MN CU-UP.
c) UE sends another D1 measurement to SN CU-CP which is then forwarded to MN CU-CP which is then further forwarded to MN CU-UP.
d) MN DU performs D2.1 and D2.2 measurements and reports it to the MN CU-UP.
e) SN DU performs D2.1 and D2.2 measurements and reports it to the MN CU-UP. 
f) MN CU-UP combines these measurements and reports it to the CN.
SN terminated Split bearer
Proposal 10: For RAN delay measurement reporting to CN, different RAN delay components in a SN terminated split bearer scenario are aggregated at SN CU-UP as follows:
a) SN CU-UP performs two D2.3 measurements and a D2.4 measurement
b) UE sends one D1 measurement to SN CU-CP which is then forwarded to SN CU-UP.
c) UE sends another D1 measurement to MN CU-CP which is then forwarded to SN CU-CP which is then further forwarded to SN CU-UP.
d) SN DU performs D2.1 and D2.2 measurements and reports it to the SN CU-UP.
e) MN DU performs D2.1 and D2.2 measurements and reports it to the SN CU-UP. 
f) SN CU-UP combines these measurements and reports it to the CN.
Other delay measurements
Proposal 11: It is proposed RAN2 to discuss reporting of the histogram of the PDCP queuing delay.
Proposal 12: It is proposed RAN2 to discuss the packet relibility measurement, where it reflects the percentage of packets which meet the targeted delay.

