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1 Introduction
In RAN2#108 Reno meeting, the following agreements have been made for the RAN part UL delay measurement.
· Add value “0ms” to the enumerated of delayThreshold field in the UL delay configuration.
· Include the fields of drb-Id and averagePDCPQueuingDelay in the UL delay measurement report.
· The unit of the UL PDCP queuing delay reported by UE is ms.
· The UL PDCP re-ordering delay is defined to the delay from the first part of an PDCP SDU is received to the PDCP SDU is sent to upper SAP.

· The over-the-air UL delay in DU (i.e. D2.1), the RLC delay (i.e. D2.2), the F1 delay (i.e. D2.3) and the PDCP re-ordering delay (i.e. D2.4) should be measured per DRB per UE. Capture a simple sentence in 38.314.

· Capture as a note that the total RAN part of UL packet delay measurement in TS 38.314, which is defined as sum of D1(PDCP queuing delay), D2.1(over-the-air delay), D2.2(RLC delay), D2.3(F1 delay) and D2.4(PDCP re-ordering delay).
· Change ‘mapped 5QI’ to ‘DRB’ in 38.314. This can be confirmed in the next meeting.
Some remaining issues about UL delay measurement need further discussion, the first one is about the UL PDCP packet average queuing delay measurement for DC cases (e.g. for split bearer which has a single PDCP entity, how to measure and report UL PDCP packet average queuing delay), and the second issue is about the UL PDCP packet average queuing delay measurement granularity. The third issue is the about whether we need to introduce UL PDCP packet excess delay ratio measurement in addition to UL PDCP packet average queuing delay measurement in NR.
In this paper, we would provide our opinions on these issues with further analysis.
2 Discussion  
2.1 UL PDCP Packet Average Queuing Delay Measurement for EN_DC
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Figure 1 RAN part of UL Delay
RAN2 has agreed that for UL packet delay measurement, UL PDCP packet average queuing delay(D1) is measured by UE, it refers to the delay from the packet arrival at PDCP upper SAP until the UL grant to transit the packet is available, which has included the delay the UE gets resources granted (from sending SR/RACH to get the first grant). D1 is invisible to the network and should be measured by the UE. (Fig.1)
For MDT with DC cases, RAN2 has agreed that only immediate MDT with EN-DC scenario is supported in Rel.16 MDT.

Depending on whether the PDCP is located at MN or SN, the D1 measurement for EN-DC can be configured by MN or SN. It is proposed to follow RRM configuration procedure, for the MN terminated bearer (including non-split bearer and split bearer), the D1 measurement can be configured by MN, for the SN terminated bearer D1 measurement(including non-split bearer and split bearer), the UL PDCP packet queuing delay measurement can be configured by SN or MN, when it is configured by SN, the configuration msg can be transmitted to UE via SRB3 if SRB3 is available or via SRB1. 
Proposal 1: For EN-DC UL PDCP packet average queuing delay measurement configuration, D1 measurement of MN terminated bearer can be configured by MN, D1 measurement of SN terminated bearer can be configured by either MN or SN.
For the UL delay measurement of split bearer, although scheduling latency are different in the two paths of MCG side and SCG side, from the UE point of view, all the packets share the same PDCP buffer, the measurement of UL PDCP average queuing delay for split bearer and non-split bearer should have the same UL PDCP queuing delay definition, it refers to the delay from the Uplink packet arrival at PDCP upper SAP until the UL grant to transit the packet is available, which has included the delay the UE gets resources granted (from sending SR/RACH to get the first grant). There is no strong need to differentiate whether the packet delivered via MCG or SCG, UE just measures the average UL PDCP packet average queuing delay over all the PDCP packets no matter whether they are transmitted via MCG or SCG. 
For the reporting of the D1 value for the split bearer, as there is only one D1 value for the two paths. There is no need to report the single D1 value to both MN and SN respectively which costs unnecessary signalling overhead, we can follow the RRC signalling for the RRM procedure, i.e UE reports the D1 measurement result to the node where it receives the measurement configuration

Proposal 2: For the UL PDCP packet average queuing delay measurement for split bearer, UE reports a single D1 value to the node where it receives the measurement configuration.
2.2 UL PDCP Packet Average Queuing Delay Measurement Granularity
In the study item phase, it is agreed the RAN part UL and DL packet delay is measured at DRB level by UE and gNB respectively with the statement in 37.816 as:

The RAN part of DL and UL packet delay is measured by gNB and UE at DRB level, respectively. In reporting to TCE, the delay may be provided to QoS flow level by gNB with the assumption that all QoS flows mapped to one DRB get the same QoS treatment.       
In last RAN2 meeting, it is also agreed that the UL delay is measured per DRB

The over-the-air UL delay in DU (i.e. D2.1), the RLC delay (i.e. D2.2), the F1 delay (i.e. D2.3) and the PDCP re-ordering delay (i.e. D2.4) should be measured per DRB per UE. Capture a simple sentence in 38.314
However, in the running CR for 38.314, some companies propose to perform UL PDCP Packet queuing per QoS level by UE, for this point, but We don’t share the same opinion.
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Figure 2 SDAP layer, functional view             
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Figure 3 UL SDAP Data PDU format with SDAP header

The SDAP sublayer is configured by RRC, its functionality includes mapping between a QoS flow and a DRB for both DL and UL, Marking QoS flow ID in both DL and UL packets and Reflective QoS flow to DRB mapping for the UL SDAP data PDUs (Fig.2). There is a SDAP entity configured for each individual PDU session. The QoS flow to the QoS flow to DRB mapping rule for the UL is stored by SDAP sublayer. At the reception of an SDAP SDU from upper layer for a QoS flow, the transmitting SDAP entity shall construct the UL SDAP data PDU as Fig.3
In another word, the 5QI information of each QoS flow packet is invisible to the PDCP entity.

Observation 1: QoS/5QI information of QoS flow packet is invisible to the PDCP entity. PDCP entity can’t differentiate PDCP packet average queuing delay at QoS/5QI level.
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Figure.4 QoS flow mapping to DRB

Secondly, multiple QoS flows with different 5QI can be mapped to the same DRB, as shown in Fig.4, QFI 1 and QFI 2 have different 5QI (5QI 6 and 5QI 7 respectively), but they can be mapped to the same DRB (i.e. PDCP entity 1) with the assumption that they will get the same QoS treatment at DRB level. From this point of the view, the UL PDCP packet queuing delay of these two QoS flows with different 5QI but mapped to the same DRB are no difference.

Observation 2: When different QoS/5QI flows are mapped to the same DRB, their UL PDCP packets get the same QoS treatment, UL PDCP average queueing delay measurement at QoS/5QI level doesn’t have any difference with the UL PDCP average queueing delay measurement at DRB level.
On the other hand, QoS flows with the same 5QI can also be mapped to different DRB, the typical scenario is that these two QoS flows with the same 5QI belong to different PDN connection, for example, QFI 1 and QFI 5 in Fig.4, both of them have 5QI 6, and because they are within different PDN connection, they are mapped to different DRB, these two QoS Flow will have different over-the-air interface delay, different RLC packet delay, different F1 delay, and even different PDCP reordering delay, they may also be in different RAN node (e.g. they may be MN terminated bearer and SN terminated bearer respectively), it is meaningless for UE to calculate UL PDCP packet average queuing delay per QoS/5QI level by considering different DRBs mapped with the same 5QI.
Observation 3:When different QoS flows with the same 5QI are mapped to different DRBs, per QoS/5QI level UL PDCP packet average queuing measurement implicitly requires UE to average queuing delay over different DRBs with different QoS treatment (these DRBs may also be MN terminated bearer and SN terminated respectively), however, this brings no benefit for the RAN part delay measurement.
Proposal 3: Keep RAN2 existing agreement: UE measures UL PDCP average queueing delay at DRB level. it is up to RAN node to convert DRB level delay to QoS/5QI level delay.

2.3 UL PDCP Packet Excess Delay Ratio Measurement
In the email discussion of [108#91], there are some discussions about whether to support LTE legacy UL PDCP packet excess delay ratio measurement in NR. 
As we know, UL PDCP packet excess delay ratio measurement was introduced in LTE for the QoS verification in MDT as a compromised method of average queuing delay measurement. In NR, per SA2 requirements on E2E delay measurement, UL PDCP average queuing delay measurement is supported. All the information provided by UL PDCP packet excess delay ratio measurement can be provided by UL PDCP packet average queuing delay, there is no need to support two UL PDCP packet delay measurement methods in NR. 
Secondly, QoS verification is end to end, it doesn’t bring any benefit to the network by requiring UE to report D1 as UL PDCP packet excess delay ratio meanwhile at the RAN node side, the remaining part of RAN delay(D2) is measured as average delay.
Thirdly, there is only a single UE capability introduced in NR for UL delay measurement (ulPDCP-Delay) in NR, we don’t think it can be extended implicitly to require UE to support two UL delay measurement methods.
Proposal 4: It is unnecessary to support UL PDCP packet excess delay ratio measurement in NR.
3 Summary

Proposal 1: For EN-DC UL PDCP packet average queuing delay measurement configuration, D1 measurement of MN terminated bearer can be configured by MN, D1 measurement of SN terminated bearer can be configured by either MN or SN.

Proposal 2: For the UL PDCP packet average queuing delay measurement for split bearer, UE reports a single D1 value to the node where it receives the measurement configuration.
Observation 1: QoS/5QI information of QoS flow packet is invisible to the PDCP entity. PDCP entity can’t differentiate PDCP packet average queuing delay at QoS/5QI level.
Observation 2: When different QoS/5QI flows are mapped to the same DRB, their UL PDCP packets get the same QoS treatment, UL PDCP average queueing delay measurement at QoS/5QI level doesn’t have any difference with the UL PDCP average queueing delay measurement at DRB level.
Observation 3:When different QoS flows with the same 5QI are mapped to different DRBs, per QoS/5QI level UL PDCP packet average queuing measurement implicitly requires UE to average queuing delay over different DRBs with different QoS treatment (these DRBs may also be MN terminated bearer and SN terminated respectively), however, this brings no benefit for the RAN part delay measurement.
Proposal 3: Keep RAN2 existing agreement: UE measures UL PDCP average queueing delay at DRB level. it is up to RAN node to convert DRB level delay to QoS/5QI level delay.

Proposal 4: It is unnecessary to support UL PDCP packet excess delay ratio measurement in NR.
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