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1	Introduction
Inn this paper we address the open issues concerning M6 measurements and excess delay measurements. 
[bookmark: _Ref178064866]2	Discussion
2.1 M6 measurement related
2.1.1 Total RAN delay computation in DC scenarios with Split bearer
During RAN2#116, the following was agreed.
RAN2 understanding is that for the accuracy of the result, the M6 result can be indicated with data marker (duplication indicator).
This agreement needs further discussion as how to represent ‘duplication indicator’ for the M6 measurement varies in different scenarios. 
Scenario-1 : When PDCP duplication is not enabled for the entire duration of M6 measurement period (weighted average)
It was agreed in RAN2#113 meeting that in split-bearer scenario, for non-duplicated PDCP packets, weighted averaging is used.
	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. 
The above agreement to measure the delay for non-duplicated PDCP packets is mapped to the Equation (1). 

If the PDCP duplication is not enabled for the entire duration of M6 measurement period, then equation (1) provides the total RAN delay. 
[bookmark: _Toc95136074][bookmark: _Toc95305169]When the PDCP duplication is not enabled for the entire duration of M6 measurement period, then equation (1) provides the total RAN delay.

Scenario-2 : When PDCP duplication is enabled for the entire duration of M6 measurement period (minimum value)
In addition, for duplicated PDCP packets the minimum value between two legs is used to measure the delay of duplicated packets.
	For QoS monitoring related delay reporting to CN, the minimum value between two legs is defined as the total delay measurement M6 over MCG/SCG for split bearers WITH PDCP duplication. 

The above agreement to measure the delay for duplicated PDCP packets is mapped to the Equation (2).

If the PDCP duplication is enabled for the entire duration of M6 measurement period, then equation (2) provides the total RAN delay. 
[bookmark: _Toc95136075][bookmark: _Toc95305170]When the PDCP duplication is enabled for the entire duration of M6 measurement period, then equation (2) provides the total RAN delay.

Scenario-3 : When PDCP duplication is enabled for part of the duration of M6 measurement period and for the rest of the duration it is not enabled.
When the PDCP duplication is enabled for only part of the duration of M6 measurement period, then neither equation (1) nor equation (2) provides the complete RAN delay. Consider the scenario shown in Figure-1. It is a quite plausible implementation that in a measurement period PDCP duplication is activated (green packets)/deactivated (blue and yellow packets) per packet as shown in the following schematic example.
[image: ]
Figure 1. Schematic view of PDCP packet duplication in a DC scenario with split bearer. Duplication is activated only for packets #4, #5 and #7, intermittently.
[bookmark: _Toc95136076][bookmark: _Toc95305171]It is a quite plausible implementation that PDCP duplication being activated per packet level and intermittently, i.e., PDCP duplication is active in some packets while being deactivated for some other packets in the same delay measurement window.
In such scenario, however, the individual Uplink delay components, i.e., D1, D2.1, D2.2, D2.3, D2.4 are not dependent on PDCP duplication status. For example, the value recorded and reported by MN or SN DU for D2.2 would be same for duplicated and non-duplicated packets. TCE requires additional information in terms of ‘duplication indicator’ to come up with a more accurate result. 
[bookmark: _Toc95305172]Individual delay components, i.e., D1, D2.1, D2.2, D2.3, D2.4 are not dependent on PDCP duplication status. TCE requires the additional duplication indicator in order to able to combine them into a single RAN delay.
However, in such a scenario, representing a ‘duplication indicator’ for the M6 measurement is not straight forward. The intention of introducing the ‘duplication indicator’ is to enable the OAM to compute the total RAN delay and in this scenario the total RAN delay can be calculated as per Equation (3)
[bookmark: _Hlk94864727]
Where both consists of the individual delay components 
Therefore, to enable the calculation of the total RAN delay at the TCE/OAM level we think a finer definition of the duplication indication is needed. In our understanding, and according to the formula (1-3) the percentage of the packets sent over MCG (i.e., ) and SCG (i.e., ) as well as duplicated packets (i.e., ) are needed to be known to effectively calculate the above total delay at the TCE/OAM.
[bookmark: _Toc95136077][bookmark: _Toc95305173]To calculate the total delay accurately in scenario-3, the following information are needed:
1) Number of duplicated packets sent to UE during measurement period 
[bookmark: _Toc95136078][bookmark: _Toc95305174]2) Number of non-duplicated packets sent through MCG during measurement period.
[bookmark: _Toc95136079][bookmark: _Toc95305175]3) Number of non-duplicated packets sent through SCG during measurement period.
[bookmark: _Toc95136080][bookmark: _Toc95305176]When  is ZERO, then it is an implicit indication that the duplication was not enabled for the entire duration of the M6 measurement period.
Furthermore, since CU-UP has information regarding all the packet duplication, it is responsible for forwarding the duplication information to the OAM. Hence, we have the following proposal.
[bookmark: _Toc95136070][bookmark: _Toc95723856]For M6 measurements to allow the OAM to calculate total RAN delay, CU-UP forwards the duplication information to the TCE. The information contains (granularity is per DRB):
1) Number of PDCP duplicated packets sent to the UE during measurement period.
2) Number of non-duplicated packets sent through the MCG during measurement period.
3) Number of non-duplicated packets sent through the SCG during measurement period.
2.2	Excess delay measurements configuration and reporting
A new delay measurement named excess delay measurements for NR have been discussed in RAN2#116e meeting and following agreements were reached
Agreements
1 The new delay measurement can be called excess packet delay for NR.
2 FFS: the definition of the measurement of excess packet delay for NR is:
-	it represents the ratio of packets in UL per DRB exceeding the configured delay threshold among the UL PDCP SDUs received. The delay for each packet is calculated from packet arrival at PDCP upper SAP until the UL grant to transmit the packet is available, which has included the delay the UE gets resources granted (from sending SR/RACH to get the first grant)
3 The network can collect the measurement excess packet delay for NR from the UE.
4 LTE excess packet delay reporting can be used as a baseline, and details can be further discussed.

The definition of the excess delay measurement has been agreed in RAN2#116bis-e meeting email discussions. However, details of configuration and reporting are still open. In this section, we discuss the open issues regarding configuration and reporting of the excess delay configuration.
The excess delay measurement is used to measure the percentage of packets that experienced large delays. Such measurements are important for URLLC type of services where a small number of packets observing large delays can be detrimental to the user experience. Current average PDCP queueing delay per DRB would not capture such behaviour in the network. Network may need to collect excess delay measurements independent from collecting D1 measurement reports from the UE.
[bookmark: _Toc95305177]Network collects excess delay measurements without configuring D1 measurements. 
On the other hand, benefits of such excess delay measurements for MDT purpose are not obvious. Hence, in our opinion, excess delay measurements should be introduced as a separate L2 measurement, decoupling it from existing delay measurements used for MDT purpose.
[bookmark: _Toc92206529][bookmark: _Toc92206530][bookmark: _Toc95723857]New IE is introduced in 38.331 to enable the RAN node to configure the UE with excess delay measurement configuration.
2.2.1	Details of the proposed IE
The structure of the proposed IE can be similar to ul-delayConfig IE in TS 36.331 as the latter also is intended for collecting excess delay measurement for LTE. However, in below we highlight some differences between LTE and NR configuration and provide a solution.
The delay measurement in NR is performed and reported per DRB contrary to LTE where it was performed per QCI. If LTE principle of setting excess delay configuration is followed, there can be one threshold value based on which UE needs to calculate excess delay measurement. With the existing approach, a URLLC related DRB and a MBB related DRB needs to be configured with the same delay threshold configuration which is not ideal from an operator’s flexibility point of view when it comes to QoS related measurement collection from the UE.
[bookmark: _Toc95305178]Setting same threshold to calculate excess delay for both URLLC and MBB related DRBs is not ideal for an operator’s flexibility point of view.
Hence, we propose to configure the UE with multiple threshold values to calculate excess delay value where a single threshold value can be used for some configured DRBs. An example implementation of the ASN.1 for TS 38.331 is provided below. In this example, the delayThreshold configured in the drb-IdentityList of one element of UL-ExcessDelayValueConfig list is applicable for all the DRBs configured in the drb-IdentityList of the same element of UL-ExcessDelayValueConfig list.
UL-ExcessDelayValueConfig information element
-- ASN1START
-- TAG-ULEXCESSDELAYVALUECONFIG-START

UL-ExcessDelayValueConfig-rxy ::= SEQUENCE (SIZE(1..maxDRB)) OF DRB-IdentityInfo

DRB-IdentityInfo ::=                   SEQUENCE {
    drb-IdentityList                       SEQUENCE (SIZE (1..maxDRB)) OF DRB-Identity,
	delayThreshold						   ENUMERATED {
												ms025, ms05, ms1,ms_xx,ms_yy,spare4,
												spare3, spare2, spare1}

}
-- TAG-ULEXCESSDELAYVALUECONFIG-STOP
-- ASN1STOP

[bookmark: _Toc95723858]Network should be able to configure different delayThreshold for different DRBs.
In addition, in previous meeting the range of the delayThreshold value is discussed and the following agreement is made wherein the smaller values are defined while large values are still FFS. 
The delayThreshold in TS 38.331 is re-designed with the granularity of  0.25ms, 0.5ms, 1ms. Other larger values FFS.

As discussed during the online session, smaller values can be beneficial for time critical and URLLC type of services. However, having larger value range would assist the network to configure excess delay for DRBs associated to the less stringent delay requirements. Hence, we propose that beside the smaller values agreed in the meeting RAN2#116bis we define new values in such a way to cover the range of excess delay thresholds in LTE. Note that it is quite plausible to deploy NR in low frequencies e.g., in band 13 (700MHz), or use different numerologies so the expected delay can be higher due to a in such deployments. 
[bookmark: _Toc95723859]RAN2 agree to use LTE excess delay threshold values beside already agreed values. So, the range of the delay thresholds is {0.25ms, 0.5ms, 1ms, 5ms, 10ms, 20ms, 30ms, 40ms, 50ms, 60ms, 70ms, 80ms, 90ms, 100ms, 150ms, 300ms, 500ms, 750ms}.
2.2.2	Configuration of Excess Delay for NR in EN-DC and NE-DC
In LTE, ul-DelayConfig IE is defined to configure UE to report excess delay measurement per QCI. On the other hand, ul-DelayValueConfig IE is used to configure UE to report Average PDCP queueing delay measurement per DRB. In order to gather excess delay measurement per DRB, introduction of yet another IE is required. Furthermore, In RAN2#116e meeting, it was agreed that excess delay measurements for NR packets would be configured and collected by network. However, the definition for the NR packet is not clear. In EN-DC, our view is that all packets transmitted over SCG bearer are NR packets. Thus, MN terminated SCG bearers cater NR packets.
[bookmark: _Toc95305179]For MN terminated SCG bearers in EN-DC, NR packets are collected by LTE nodes.
Considering the time constraint, we have in RAN2 and the associated complexities with multi-RAT DC scenarios, we propose that the new excess delay measurement definition is not applicable in EN-DC or NE-DC deployment and RAN2 focuses on NR-DC scenarios.
[bookmark: _Toc95723860]Given the time limitation, for definition of excess delay, its configuration and reporting for NR packets, RAN2 focuses on NR-SA and NR-DC scenarios.
2.2.3	Configuration of Excess Delay in NR-DC
In NR-DC, although we believe excess delay measurement configuration and PDCP uplink delay (D1) configuration are independent of each other and configuration for the former could in principle be different; considering the time constraint, we propose that Excess Delay measurement configuration follows the same principle as PDCP uplink delay configuration (D1).
[bookmark: _Toc95723861]In NR-DC, excess delay measurement IE configuration follows the same principle as D1 measurement configuration.
2.2.4 Reporting of Excess Delay Measurement results
In order to simply the reporting, the reporting format of LTE excess delay can be preserved. UE includes the excess delay measurements as part of MeasResults IE. Below ASN.1 code exemplifies the implementation:

UL-PDCP-ExcessDelayValueResultList-r17 ::=		SEQUENCE (SIZE (1..maxDRB)) OF UL-PDCP-ExcessDelayValueResult-r17

UL-PDCP-DelayValueResult-r17 ::=		SEQUENCE {
	drb-Id-r16								DRB-Identity,
	excessDelay-r17							INTEGER (0..xxxx),
	...
}

Furthermore, the reporting should be same as D1 measurement principle, i.e., node configuring the UE with excess delay measurement would receive the report from the UE.
[bookmark: _Toc95723862]Reporting of the Excess delay measurement should follow LTE principles. i.e.,
a) Content of the Excess Delay measurement report is similar to LTE excess delay measurement report. 
b) Node that configures UE with Excess Delay measurements receives the report from the UE.
Conclusion
In the previous sections we made the following observations: 
Observation 1	When the PDCP duplication is not enabled for the entire duration of M6 measurement period, then equation (1) provides the total RAN delay.
Observation 2	When the PDCP duplication is enabled for the entire duration of M6 measurement period, then equation (2) provides the total RAN delay.
Observation 3	It is a quite plausible implementation that PDCP duplication being activated per packet level and intermittently, i.e., PDCP duplication is active in some packets while being deactivated for some other packets in the same delay measurement window.
Observation 4	Individual delay components, i.e., D1, D2.1, D2.2, D2.3, D2.4 are not dependent on PDCP duplication status. TCE requires the additional duplication indicator in order to able to combine them into a single RAN delay.
Observation 5	To calculate the total delay accurately in scenario-3, the following information are needed: 1) Number of duplicated packets sent to UE during measurement period
2) Number of non-duplicated packets sent through MCG during measurement period.
3) Number of non-duplicated packets sent through SCG during measurement period.
Observation 6	When  is ZERO, then it is an implicit indication that the duplication was not enabled for the entire duration of the M6 measurement period.
Observation 7	Network collects excess delay measurements without configuring D1 measurements.
Observation 8	Setting same threshold to calculate excess delay for both URLLC and MBB related DRBs is not ideal for an operator’s flexibility point of view.
Observation 9	For MN terminated SCG bearers in EN-DC, NR packets are collected by LTE nodes.
Based on the discussion in the previous sections we propose the following:
Proposal 1	For M6 measurements to allow the OAM to calculate total RAN delay, CU-UP forwards the duplication information to the TCE. The information contains (granularity is per DRB): 1) Number of PDCP duplicated packets sent to the UE during measurement period. 2) Number of non-duplicated packets sent through the MCG during measurement period. 3) Number of non-duplicated packets sent through the SCG during measurement period.
Proposal 2	New IE is introduced in 38.331 to enable the RAN node to configure the UE with excess delay measurement configuration.
Proposal 3	Network should be able to configure different delayThreshold for different DRBs.
Proposal 4	RAN2 agree to use LTE excess delay threshold values beside already agreed values. So, the range of the delay thresholds is {0.25ms, 0.5ms, 1ms, 5ms, 10ms, 20ms, 30ms, 40ms, 50ms, 60ms, 70ms, 80ms, 90ms, 100ms, 150ms, 300ms, 500ms, 750ms}.
Proposal 5	Given the time limitation, for definition of excess delay, its configuration and reporting for NR packets, RAN2 focuses on NR-SA and NR-DC scenarios.
Proposal 6	In NR-DC, excess delay measurement IE configuration follows the same principle as D1 measurement configuration.
Proposal 7	Reporting of the Excess delay measurement should follow LTE principles. i.e., a) Content of the Excess Delay measurement report is similar to LTE excess delay measurement report.  b) Node that configures UE with Excess Delay measurements receives the report from the UE.
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