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1	Introduction
RAN DCU SI concluded the necessity to support packet delay measurement in NR (section 6.4 of TR37.816). In addition to the standardized already definition for Packet Delay in TS 28.552, new definition for RAN part of packet delay measurement can be introduced. 
This contribution discusses the need for a delay measurement that provides a very accurate delay measurement. Since the delay of UE+RAN is an important KPI for TSN and URLLC and therefore the QoS measurement should be as accurate as possible.
2	Discussion
The proposed C-plane based delay measurements in RAN2 and in TR37.816 can serve a generic purpose but suffer from the fact they are no real end-to-end measurements. Deviations come from the need to sum up the end-to-end delay from several independent delay measurements, e.g. for the UL the scheduling delay in the UE, the delay for transmission to the DU, the delay over F1-U and delays in the re-ordering buffer. Each of these measurements may already be averaged, and as concluded by RAN3 in R2-1905526 provide an estimate. Other deviations are caused by including time spans for distances that the measured U-plane packet did not travel, e.g. the waiting time for UL HARQ-ACK for the DL delay measurement, or the time of sending the DL grant for the UL measurement. Knowing the individual delays over the different parts within the RAN also has its merits because it may allow for identifying and further optimizing the worst contributor of the delay, but to use these for the end-to-end delay will deviate from the real delay.
The proposed in the TR, U-plane based kind of solution (U1) leads to very accurate end-to-end delay measurement, but due to adding the time stamp the over the air overhead increases and it was considered as a burden for UE processing load downgrading the UL peak data rate. However, because of the conceptual simplicity and the high accuracy of the measurement of this kind of solution we propose a modified approach working without header manipulation.
2.1	Delay measurement using the PDCP-SN
To address SA2 requirements on URLLC QoS monitoring, an alternative and more accurate measure can be realised once the NG-RAN node decides about what packets are used for the measurement and informs the UE (and the CU-UP, if necessary) about the corresponding PDCP SNs. In result ,the UE (and CU-UP) inform the gNB (or CU-CP) about the point in time when the corresponding packet passed by at the measurement point. The measurement point should be as near as possible at the service access point between PDCP and SDAP layer, e.g. in direction from SDAP to PDCP layer the time is noted as soon as the association between a monitored PDCP SN and the received SDAP SDU is known, and in direction PDCP to SDAP layer the time is noted just before the association between PDCP SN and the corresponding packet is abandoned.  
The UE and CU-UP inform the gNB/CU-CP about the PDCP SN and the noted time value per DRB. gNB/CU-CP informs the involved UP entities (UE with RRC, CU-UP with E1AP
The reporting can be periodic by time or event based e.g. each time a packet range to be measured passed the measurement point. The gNB does the corresponding measurements. For UL the gNB knows (measures) the receive time and for DL the send time. From the UE it gets informed about the counterpart, i.e. send time for UL and receive time for DL. Then the gNB calculates the delay: receive time minus send time. 
It is the total delay per measured packet per DRB per UE from entering to leaving the PDCP layer, i.e. should include the re-ordering, scheduling and re-transmission delays than may occur on that route. The gNB/CU-CP can calculate the delay per packet and perform any further first post-processing as it may be necessary to calculate the delay KPI. The solution assumes that the time reference (or the clock) used to measure the delay are the same in the involved measuring entities. Then the calculated delays are very accurate.  The complexity is low, i.e. it works in the same way irrespectively of whether dual connectivity in split mode is applied additionally or of whether the split mode is used for packet duplication or not.
The measurement can be configured by the gNB/CU-CP in a flexible way, e.g. by considering one or more ranges of subsequent PDCP SNs or by determining the PDCP SNs using a modulo formula. The gNB/CU-CP can make this decision also depending on load status information that may be reported from the involved measuring entities.
The figure below shows an UL measurement example for a decomposed gNB and c-plane/u-plane split:



Figure 1: Example UL delay measurement using PDCP SNs (Note: MTF = Message Transfer Function)
RAN 2 needs to discuss the above mechanism that provides highly accurate and non-averaged delay measurement for providing a highly accurate UE+RAN end-to-end delay measurement as it is needed for TSN and URLLC use cases.
 With relevance to air-interface, we make the following proposals:
Proposal 1: The delay measurements are obtained by measuring the total delay of single packet(s) without summing averaged delay.
Proposal 2: For the uplink delay measurement, the gNB indicates to the UE which PDCP PDU SN(s) needs to be measured. 
Proposal 3: For the uplink delay measurement, the UE records the send time T1 of the indicated packet(s) and transmits it to the gNB.
The flow below shows the measurement for the downlink direction:


Figure 2: Example DL delay measurement using PDCP SNs (Note: MTF = Message Transfer Function)
The downlink flow is quite like the uplink flow, but the direction is “Downlink” and the UE records and informs about the receive time T2. Still, the gNB is in charge of choosing which PDCP PDU(s) will be subject to measurement.
Proposal 4: For the downlink delay measurement the gNB indicates to the UE which PDCP PDU SN(s) need to be measured. 
Proposal 5: For the downlink delay measurement the UE records the receive time T2 for the corresponding SN(s) and transmits it to the gNB.
Due to required interaction with CU-CP and CU-UP, the configuration triggers require RAN3 support, thus we propose:
Proposal 6: Agree the LS out in R2-1910715 to request the measurement support from RAN3.

4	Conclusion
In this contribution we make the following proposals:
Proposal 1: The delay measurements are obtained by measuring the total delay of single packet(s) without summing averaged delay.
[bookmark: _GoBack]Proposal 2: For the uplink delay measurement, the gNB indicates to the UE which PDCP PDU SN(s) needs to be measured. 
Proposal 3: For the uplink delay measurement, the UE records the send time T1 of the indicated packet(s) and transmits it to the gNB.
Proposal 4: For the downlink delay measurement the gNB indicates to the UE which PDCP PDU SN(s) need to be measured.
Proposal 5: For the downlink delay measurement the UE records the receive time T2 for the corresponding SN(s) and transmits it to the gNB.
Proposal 6: Agree the LS out in R2-1910715 to request the measurements support from RAN3.
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