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1
Introduction
This is a re-submission of R2-1901848. Compared with the previous version, we add some analysis to compare different candidate solutions.
In the email discussion [105#44] on air latency measurement in the last meeting, there are two solutions.

·  Solution 1: 

· The transmitter includes timestamp into user plane PDU, e.g. PDCP header, for the receiver to derive delay; 

· Solution 2: 

· The UL latency is estimated by average UL queuing delay + average UL transmission delay (from UL grant to CRC check success); The UL queuing delay is the delay from packet arrival at PDCP/SDAP upper SAP until the packets starts to be delivered to RLC or until the UL grant to transmit the packet is received. The average UL queuing delay is reported by UE and the UL transmission delay is estimated by NG-RAN.
· The DL latency is estimated by the NG-RAN. The latency is time from data arriving at PDCP/SDAP to HARQ ACK received. 
In this contribution, we will further discuss these two solutions.
2
Discussion
As discussed in [1], the UL/DL latency is defined as: between the time instant “when a packet is received by PDCP/SDAP from upper layers in the receiver side” and the time instant “when the relevant packet is sent from PDCP/SDAP to upper layers in the transmitter side”, while the receiver/the transmitter can be UE/RAN or RAN/UE. From the definition, we see that the latency includes the processing delay of all radio layers, the retransmission of PHY/RLC and the in-order delivery. As proposed in [2], we think the latency accuracy may be tens of microsecond.
 In our understanding, the UL latency in solution 2 does not consider the RLC retransmission delay. For example, one packet is retransmitted twice in RLC. According to the calculated method, the UL latency only consider the last transmitting time. In addition, the UL latency is estimated by sum of two average delay. We think the latency accuracy requirement cannot be satisfied. Lastly, in our understanding, the SA2/SA5 want to know the delay of one packet. Solution 2 cannot satisfy the requirement. 
The DL latency in soultion2 does not consider the PDCP re-ordering delay in UE. Also it includes part of UL HARQ ACK transmission delay (i.e. from UE sends the ACK to NG-RAN receives the ACK). Therefore we think the latency accuracy cannot be satisfied.
Observation 1: Solution 2 cannot satisfy the requirement of the delay measurement accuracy and cannot satisfy the requirement of SA2/SA5.
In the email discussion [105#44] of RAN2, some companies think solution 1 will increase the user plane processing load and downgrade the UL peak data rate. In our understanding, the latency is not measured per packet. The network will only measure at interval. And the transmitter only add one timestamp in the user plane PDU header, it will not increase the user plane processing and also will not downgrade the UL peak data rate.
Proposal 1: It is proposed to use time stamp to calculate the latency.

In the last meeting, RAN2 has agreed to add the latency measurement in MDT use case. The objective of Rel-16 WI/SI “RAN-centric Data Collection and Utilization for NR” includes the use cases of NR, LTE, MR-DC connected to EPC and 5GC. Also LTE introduces the features to support the URLLC and the SA5 think there are use cases that need to calculate the latency in PDCP/SDAP layer as discussed in [3]. We think the time stamp can added into PDCP/SDAP header.
Proposal 2: For latency measurements on PDCP and SDAP levels, the time stamp can be added into PDCP/SDAP header.

And as discussed in [1], we proposed the UL/DL latency is defined as: between the time instant “when a packet is received by PDCP/SDAP from upper layers in the transmitter side” and the time instant “when the relevant packet is sent from PDCP/SDAP to upper layers in the receiver side”, while the receiver/the transmitter can be UE/RAN or RAN/UE. Only the receiver knows when the relevant packet is send from PDCP/SDAP to upper layers and then calculates the exact latency. Because the RAN needs sends the latency results to OAM/CN. Therefore the RAN need to get the UL/DL latency results. For the UL latency, RAN is able to calculate latency for PDCP/SDAP data packets and then sends the results to the OAM or CN. For the DL latency, UE is able to calculate the latency for PDCP/SDAP data packets and sends the results to the RAN.

Proposal 3: For UL, RAN is able to calculate latency for PDCP/SDAP data packets.

Proposal 4: For DL, UE is able to calculate latency for PDCP/SDAP data packets. RAN gets the measurements from the UE.

According to the LS from SA2 [4][5], SA2 would like RAN2 to provide feedback to the impacts and viability brought by the QoS Monitoring solution of SA2. To be more specific, SA2 provides a summary on their solutions:

One possible solution is as described in subclause 6.8 in TR 23.725, where the UPF and UE can respectively mark some of the DL and UL packets to be the monitoring packets, and send them to the RAN, and RAN initiates DL and UL packet delay measurement between RAN and UE.

Based on proposal 1, 2, 3 and 4, we think SA2’s solutions are feasible from RAN2 point of view, and RAN2 may further discuss the details.
Proposal 5: Send reply LS to SA2 (responses to [4][5]) to mention that SA2’s solutions are feasible from RAN2 point of view.
3
Conclusions
In this paper, we discussed the solutions of latency measurement. We have the following observations and proposals:
Observation 1: Solution 2 cannot satisfy the requirement of the delay measurement accuracy and cannot satisfy the requirement of SA2/SA5.

Proposal 1: It is proposed to use time stamp to calculate the latency.

Proposal 2: For latency measurements on PDCP and SDAP levels, the time stamp can be added into PDCP/SDAP header.

Proposal 3: For UL, RAN is able to calculate latency for PDCP/SDAP data packets.

Proposal 4: For DL, UE is able to calculate latency for PDCP/SDAP data packets. RAN gets the measurements from the UE.

Proposal 5: Send reply LS to SA2 (responses to [4][5]) to mention that SA2’s solutions are feasible from RAN2 point of view.
For proposal 5, we have prepared draft response LS [6].
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