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1	Introduction
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.

In this contribution, we discuss different options for configuring and collecting excess delay measurements from the UE in particular in DC scenarios.
[bookmark: _Ref178064866]2	Discussion
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: _Toc90657683]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]New IE is introduced in 38.331 to enable the RAN node to configure the UE with excess delay measurement configuration.
2.1	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: _Toc90657684]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.
Given the time limitation, for definition of excess delay, its configuration and reporting for NR packets, RAN2 focuses on NR-DC scenarios.
2.2	Configuration of Excess Delay in NR-DC
Similar to D1 measurement, in DC scenario there are two options for configuring the UE with excess delay measurement configuration:
Option 1: CU-CP of the node owning the RLC terminating point of the data bearer configures excess delay measurement configuration.
Option 2: CU-CP of the node owning thePDCP terminating point of the data bearer configures excess delay measurement configuration.

In the following we analyse these options, explaining their pros and cons and verify different solutions to circumvent the existing issues.
In Option 1 the basic notion is that the CU-CP of the node owning the data bearer configures the UE with the excess delay measurements. We have the following support for this solution. In RAN2#116-e meeting the following definition for the excess delay was agreed.  
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)

From the definition, it is apparent that the excess delay is dependent on the UL grant from the network towards UE and thus any abnormalities indicate problems in the respective DUs
1. [bookmark: _Toc67918241][bookmark: _Toc90657685]Excess delay measurement in the uplink is dependent on the UL grant from the network towards UE and can be optimized by DU.
Thus, in a DC scenario, MN DU controls scheduling of all MCG bearers and SN DU controls scheduling of all SCG bearers, irrespective of their termination.
1. [bookmark: _Toc67918242][bookmark: _Toc90657686]DU is responsible for scheduling of its bearers, irrespective of bearer termination.
1. [bookmark: _Toc67918243][bookmark: _Toc90657687]MN DU is responsible for scheduling of all MCG bearers (MN/SN terminated).
1. [bookmark: _Toc67918244][bookmark: _Toc90657688]SN DU is responsible for scheduling of all SCG bearers (MN/SN terminated).
Thus, for MCG bearers, UE should report excess delay measurement results to MN CU-CP and for SCG bearers, UE should report excess delay measurement results to SN CU-CP. Furthermore, such a configuration avoids the issues caused by the Option 2 explained in the following. Therefore, we define Option 1 as:
[bookmark: _Toc67918249]Option1:
· For all MCG bearers (no matter MN or SN terminated), excess delay measurement configuration is sent from the MN CU-CP to the UE, and the UE reports the excess delay measurement to the MN CU-CP.
· For all SCG bearers (no matter MN or SN terminated), excess delay measurement configuration is sent from the SN CU-CP to the UE, and the UE reports the excess delay measurement to the SN CU-CP.

In Option 2, similar to the solution agreed for the D1 measurement the PDCP terminating node of a bearer configure the UE with the excess delay measurements, i.e, MN/SN configures the UE with excess delay measurement for MN/SN terminated SCG/MCG bearers. Hence, we define the Option 2 as in the following.

Option2:
· Similar to the solution for D1 measurement in DC scenario, the CU-CP of the node owning the PDCP terminating point configures the excess delay measurement.

However, our analysis shows that Option 2 causes issues that need to be addressed when picking up a solution. As shown below the RRC specification limits the number of the measurement identities associated to the D1 measurement to at most one measurement per cell group (CG). 
[bookmark: _Toc60776867][bookmark: _Toc76423153]5.5.2	Measurement configuration
[bookmark: _Toc60776868][bookmark: _Toc76423154]5.5.2.1	General
The network applies the procedure as follows:
-	to ensure that, whenever the UE has a measConfig associated with a CG, it includes a measObject for the SpCell and for each NR SCell of the CG to be measured;
-	to configure at most one measurement identity across all CGs using a reporting configuration with the reportType set to reportCGI;
-	to configure at most one measurement identity per CG using a reporting configuration with the ul-DelayValueConfig;
















If we take same principle for the excess delay measurement, the Option 2, would end up to a situation that 2 excess delay measurement configuration identities may be configured at the UE for the same bearer. For example, in a scenario that UE is configured with one MCG bearer and one SN terminated MCG bearer, then terminating nodes (MN and SN), can configure the UE with two measurement configurations with two measurement identities for master cell group. This is shown the Figure 1.

1. Using Option 2, i.e., PDCP terminating node configures the excess delay configuration to the UE, UE may be configured with two excess delay measurement configurations for the same cell group. This breaches the general principle on delay measurement. 

[image: ]
Figure 1.  in some scenarios, UE may end up with two excess delay measurement configurations for the same cell group (Here for MCG).

To resolve this situation, we propose to study the following solutions: 
UE Centric solution:

In first alternative, the network can configure multiple excess delay measurement configurations per CG. This may be restricted that one node can configure only one excess delay measurement for a particular cell group. However, multiple nodes can configure independent excess delay measurement for the same cell group.


Network Centric Solution:
Another network centric alternative is to enable synchronization between MN and SN before configuring the UE. In the solution, network nodes can co-ordinate amongst themselves before configuring the UE.
In 38.331, a framework for Inter-node RRC messages has been standardized. The below solution utilizes the existing framework, thus incurs minimal implementation on the network side.

 
Figure 2: Co-ordination between MN and SN, before SN configures the UE with SN excess delay measurement configuration.

As shown in the Figure 2, the signalling flow is as follows:
1) SN receives a configuration from OAM to perform Excess Delay Measurement
2)  SN requests MN using CG-Config IE as part of existing Xn messages.
3) MN sends a confirmation or rejection in CG-ConfigInfo IE also as part of existing Xn message.
4) If MN confirms, SN configures the UE with Excess Delay measurement, otherwise SN refrains from configuring the UE.

On the other hand, if MN receives such configuration from OAM, it can configure the UE without coordinating with SN. If at a later stage, SN also wants to configure the same UE, it may request MN and MN can reject such request from SN.

2.1.3 Analysis of the solutions
In the following, we analyze the advantages and disadvantages of the proposed solutions to have a better overview:
	Solution
	Advantages
	Disadvantages

	Option 1: Node that defines the bearer type (e.g. MN for SN terminated MCG) configures the UE with Excess Delay measurement configuration
	1) UE receives one Excess Delay measurement configuration per cell group

	1) Discrepancies between D1 measurement and Excess Delay measurement configuration

	Option 2: Node where PDCP of the bearer is terminated (e.g. SN for SN terminated MCG) configures the UE with Excess delay measurement configuration, with two measurement identities at the UE
	1) Congruence between D1 measurement and Excess Delay measurement configuration
	1) UE needs to measure and report multiple Excess Delay measurement values per cell group.

	Option 2: Node where PDCP of the bearer is terminated (e.g. SN for SN terminated MCG) configures the UE with Excess delay measurement configuration, with coordination between MN and SN
	1) UE receives one Excess Delay measurement configuration per cell group
2) Congruence between D1 measurement and Excess Delay measurement configuration
	1) Additional network co-ordination required.



We kindly ask RAN2 to discuss the benefits and disadvantages of the proposed solutions and reach agreements on the most acceptable one.
[bookmark: _Toc89344749][bookmark: _Toc92206534][bookmark: _Toc92206535]RAN2 to discuss the Option 1 and Option 2 and decide on the most acceptable solution, possibly with the minimum standardization effort, given the time limits we have.
Option1: Node owning the RLC terminating point configures the UE
· For all MCG bearers (no matter MN or SN terminated), excess delay measurement configuration is sent from the MN CU-CP to the UE, and the UE reports the Excess delay measurement to the MN CU-CP.
· For all SCG bearers (no matter MN or SN terminated), excess delay measurement configuration is sent from the SN CU-CP to the UE, and the UE reports the Excess delay measurement to the SN CU-CP.

Option2: Node owning the PDCP terminating point configures the UE
· Similar to the solution for D1 configuration, for all the bearers, the CU-CP of the node owning the PDCP terminating point configures the UE with excess delay measurement configuration. To enable this solution either UE is allowed to be configured with multiple excess delay measurements per cell group, or a coordination between MN and SN is needed in DC scenarios.

Conclusion
In the previous sections we made the following observations: 
Observation 1	Network may need to collect excess delay measurements without configuring D1 measurements.
Observation 2	For MN terminated SCG bearers in EN-DC, NR packets are collected by LTE nodes.
Observation 1	Excess delay measurement in the uplink is dependent on the UL grant from the network towards UE and can be optimized by DU.
Observation 2	DU is responsible for scheduling of its bearers, irrespective of bearer termination.
a.	MN DU is responsible for scheduling of all MCG bearers (MN/SN terminated).
b.	SN DU is responsible for scheduling of all SCG bearers (MN/SN terminated).
Observation 3	If PDCP terminating point configures the excess delay measurement, Network may configure the UE with multiple excess delay measurement per cell group.
 Based on the discussion in the previous sections we propose the following:
New IE is introduced in 38.331 to enable the RAN node to configure the UE with excess delay measurement configuration.
Given the time limitation, for definition of excess delay, its configuration and reporting for NR packets, RAN2 focuses on NR-DC scenarios.
For excess delay configuration in NR-DC, RAN2 to discuss the Option 1 and Option 2 and decide on the most acceptable solution, possibly with the minimum standardization effort, given the time limits we have.

Option1: Node owning the RLC terminating point configures the UE
· For all MCG bearers (no matter MN or SN terminated), excess delay measurement configuration is sent from the MN CU-CP to the UE, and the UE reports the Excess delay measurement to the MN CU-CP.
· For all SCG bearers (no matter MN or SN terminated), excess delay measurement configuration is sent from the SN CU-CP to the UE, and the UE reports the Excess delay measurement to the SN CU-CP.

Option2: Node owning the PDCP terminating point configures the UE
· Similar to the solution for D1 configuration, for all the bearers, the CU-CP of the node owning the PDCP terminating point configures the UE with excess delay measurement configuration. To enable this solution either UE is allowed to be configured with multiple excess delay measurement per cell groups, or a coordination between MN and SN is needed in DC scenarios.
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