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1
Introduction

In the previous meeting RAN3 continued discussing the issue of F1-U delay measurement and different solutions were discussed. This contribution will further elaborate on the topic and propose a way forward. 
2
Discussion
In RAN3#114 the method to measure the F1-U delay was further discussed and three solutions were put forward:
· Solution 1: Reuse current polling function and DDDS reporting. No update is needed.
· Solution 2: Based on current polling function and DDDS reporting, add NR-U sequence number in DDDS.

· Solution 3: Use a dedicated polling function, and enhance DDDS reporting by adding NR-U sequence number. When the received dedicated polling equals to 1, DU feeds back the DDDS with NR-U sequence number immediately for F1-U delay measurement.

In the following we will analyse each of the proposed solutions.
Starting with solution 1 we note that the polling function has been introduced to let the gNB-DU report the DDDS PDU immediately. If the gNB-DU would not report it immediately, there could be new transmissions and acknowledgements that would not reflect the DL status at the time the polling flag has been received. Also any delay introduced by the processing of the polling flag is negligible when compared to the F1-U delay. 
It has to be reminded that measurements of the F1-U delays are not meant to capture very short deviation of packets delays. The same fact that the F1-U delay is calculated as the RTT/2 implies that shord delay variations over UL or DL will not be captured, as UL and DL may have totally different instantaneous delay performance, while their performance would be aligned over long time periods.  
Hence, the measurement of F1-U delay is a statistical process where some measurements will be discarded due to high deviation. This may be due to e.g., instantaneous load situations at transmort level or crossing between Polling DL User Data PDU and DDDS. By means of a simple median the high deviation measures will be filtered out and Solution 1 wil lprovide a reliableaveraged delay statistics. 

As a matter of implementation, it is also possible to trigger the polling for Solution 1 at times when PDUs are not sent with very high frequency. This does not mean necesssarily that traffic is low. This approach would ensure that the DDDS received by the gNB-CU-UP is always paired with the Polling flag that triggered it.
Therefore solution 1 provides an efficient method to calculate the F1-U delay while at the same time maintaining simplicity and backwards compatibility.
Conclusion 1: Solution 1 provides an efficient method to calculate the F1-U delay while at the same time maintaining simplicity and backwards compatibility.

Solution 2 changes the F1-U by adding to the DDDS the NR-U SN of the frame where F1-U Delay Measurement Report Polling is in. We should note that by adding the new fields in the middle of the DDDS will lead to a solution that cannot be used by older release RAN. The difference between solution 1 and 2 is that solution 2 can perform measurements also when DL PDUs are signalled with high frequency, as we know that we measure always on the right combination of polling instance and DDDS. Solution 1 can be made equally accurate if the guidance above is followed, i.e. that polling messages are sent when the frequency of DL PDUs is not too high.
Solution 2 is still based on the assumption that there is negligible delay between reception of the DL PDU and signalling of the DDDS at the gNB-DU. The F1-U delay is still calculated as the RTT/2. Hence, solution 2 is still based on averaging of delay measurements, which is why there would be no significant gain in being able to perform very frequent measurements.
So, comparing solution 1 and solution 2, solution 2 adds complexity without offering compelling performance enhancements. Solution 2 would only be available for upgraded RAN nodes, while Solution 1 is and has been used till now.
Conclusion 2: The F1-U delay for Solution 2 is still calculated as the RTT/2. Solution 2 effectively adds complexity without offering compelling performance enhancements.
Finally, solution 3 defines a new polling function, which triggers signalling of the DDDS. It also changes the F1-U by adding to the DDDS the NR-U SN of the frame where F1-U Delay Measurement Report Polling is in. Even this solution is based on the assumption that there is negligible delay between reception of the DL PDU and signalling of the DDDS at the gNB-DU. Like all other solutions, Solution 3 is also based on averaging of delay measurements. So, in essence solution 3 adds complexity and adds DL traffic while it still (like Solution 2) calculates delay by means of averaging, which makes its accuracy similar to Solution 1. 
Basically solution 3 is similar to solution 2 but instead uses a new PDU Type for the polling flag. This means a significant increase in complexity, without really justifying neither the need nor the benefits of this considerable change. Given that the F1-U protocol has been in use and tested for a long time, such high impact changes are not desirable, unless they are absolutely essential.
Conclusion 3: Solution 3 entails the use of new PDU Type, on top of modification of the DDDS with addition of the NR-U SN of the polling PDU, which means significant increase in complexity, without offering compelling performance enhancements.
It should be finally noted that SA5 has defined the Average delay over F1-U in TS28.552, section 5.1.3.3.2, as follows:

Start of excerpt from TS28.552

5.1.3.3.2
Average delay DL on F1-U

a)
This measurement provides the average (arithmetic mean) GTP packet delay DL on the F1-U interface. The measurement is calculated per PLMN ID and per QoS level (mapped 5QI or QCI in NR option 3) and subcounters per S-NSSAI.

b)
DER (n=1)

c)
This measurement is obtained as: the time when receiving a GTP packet from the gNB-DU at the egress GTP termination, minus time when sending the same packet to gNB-DU at the GTP ingress termination, minus feedback delay time in gNB-DU, obtained result is divided by two.. The measurement is performed per PLMN ID and per QoS level (mapped 5QI or QCI in NR option 3) and per S-NSSAI.
d)
Each measurement is a real representing the mean delay in 0.1 millisecond.  The number of measurements is equal to the number of PLMNs multiplied by the number of QoS levels or multiplied by the number of S-NSSAIs. 
 [Total No. of measurement instances] x [No. of filter values for all measurements] (DL and UL) ≤ 100. 

e)
The measurement name has the form DRB.PdcpF1DelayDl_Filter, 
Where filter is a combination of PLMN ID and QoS level and S-NSSAI. 
Where PLMN ID represents the PLMN ID, QoS representes the mapped 5QI or QCI level, and SNSSAI represents S-NSSAI.
f)
GNBCUUPFunction

g)
Valid for packet switched traffic

h)
5GS

i)
One usage of this measurement is for performance assurance within integrity area (user plane connection quality).
NOTE : The NR RAN container (DL USER DATA/ DL DATA DELIVERY STATUS) carried in the GTP-U packet over the F1-U interface is used for the measurement.
End of excerpt from TS28.552

From the above it is confirmed that the F1-U delay measurement that is defined by SA5 is an average measurement and that it corresponds to the delay measurement carried over the PDU Type 1 and PDU Type 2 of the F1-U protocol defined in TS38.425. there is currently no requirement to defin punctual delay measurements for the F1-U.

Based on the above we believe that the best way forward is to use Solution 1 that provides analogous performance while offering simplicity and backwards compatibility. A smart implementation may make use of Solution 1 in a way that leads to small errors and high accuracy.
Proposal 1: we propose that Solution 1 is selected.

3
Conclusion
In this contribution methods to measure F1-U delay has been discussed, and the following proposals have been made:
Conclusion 1: Solution 1 provides an efficient method to calculate the F1-U delay while at the same time maintaining simplicity and backwards compatibility.

Conclusion 2: The F1-U delay for Solution 2 is still calculated as the RTT/2. Solution 2 effectively adds complexity without offering compelling performance enhancements.
Conclusion 3: Solution 3 entails the use of new PDU Type, on top of modification of the DDDS with addition of the NR-U SN of the polling PDU, which means significant increase in complexity, without offering compelling performance enhancements.
Proposal 1: we propose that Solution 1 is selected.
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