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1 Introduction

For QoS monitoring, TS38.314 defines four delay measurements of RAN part for downlink and uplink respectively as

The RAN part of DL packet delay measurement comprises:

-
D1 (DL delay in over-the-air interface), referring to Average delay DL air-interface in TS 28.552 [2] 5.1.1.1.1.

-
D2 (DL delay on gNB-DU), referring to Average delay in RLC sublayer of gNB-DU in TS 28.552 [2] 5.1.3.3.3.

-
D3 (DL delay on F1-U), referring to Average delay on F1-U in TS 28.552 [2] 5.1.3.3.2.

-
D4 (DL delay in CU-UP), referring to Average delay DL in CU-UP in TS 28.552 [2] 5.1.3.3.1.

The RAN part (including UE) of UL packet delay measurement comprises:

-
D1 (UL PDCP packet average delay, as defined in clause 4.3.1.1).

-
D2.1 (average over-the-air interface packet delay, as defined in 4.2.1.2.2).

-
D2.2 (average RLC packet delay, as defined in 4.2.1.2.3).

-
D2.3 (average delay UL on F1-U, it is measured using the same metric as the average delay DL on F1-U defined in TS 28.552 [2] clause 5.1.3.3.2).

-
D2.4 (average PDCP re-ordering delay, as defined in 4.2.1.2.4).

In this contribution, the F1-U delay measurement (D3 for DL and D2.3 for UL) is analyzed.
2 Discussion
From TS38.314, the same matric is used for DL and UL F1-U delay measurement in gNB CU-DU split case. The corresponding detailed measurement method is defined in TS28.552 as the time when receiving a GTP packet delivery status message 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. 
Based on the discussion of RAN3 113e and 114e meeting, polling function and DDDS reporting can be used for F1-U delay measurement. 
Figure below illustrates the measurement procedure:
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Figure 1: F1-U delay measurement
In Figure1, (T3-T2) is the feedback delay time in gNB DU, so that the F1-U delay is (T4-T1-(T3-T2))/2.
There are three candidate solutions:

· Solution 1: Reuse current polling function and DDDS reporting. No update is needed. The F1-U delay is (T4-T1)/2, where the inner DU feedback delay is negligible.
· 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. The F1-U delay is (T4-T1)/2, where the inner DU feedback delay is negligible.
· Solution 3 variant: Use a dedicated polling function, and enhance DDDS reporting by adding feedback delay result. When the received dedicated polling equals to 1, DU feeds back the DDDS with feedback delay time for F1-U delay measurement. The F1-U delay is (T4-T1-feedback time)/2.
Solution 1 is the simplest one. But it may lead to wrong measurement when DU sends one DDDS before receiving the DL User Data with polling from CU-UP. During the discussion in RAN3 113e and 114e meeting, a method is provided as some measurements with high deviation will be discarded because the measurement of F1-U delay is a statistical process. But how to define the high deviation is a challenge. It is hard to judge which result is wrong. When there are many results from wrong measurement, the correct measurement results would be discarded due to high deviation, so that the final F1-U delay result is inaccurate. Thus, solution 1 may lead to inaccurate delay measurement result.
Observation: 
Solution 1 to reuse current polling function and DDDS reporting without update may lead to inaccurate delay measurement result.

Solution 3 is the accurate and efficient one with immediate burden where the detailed analysis is as below:

· High accuracy: The F1-U delay measurement requires that DU feeds back DDDS immediately after receiving polling flag to guarantee the negligible inner DU feedback delay. But the current polling function only defines that DU sends a DDDS if the Report Polling Flag is set to 1, so the DDDS may not be sent immediately, leading to wrong measurement for F1-U delay. A dedicated polling can solve this issue to inform the polling is for F1-U delay measurement so that DU need to do the quick feedback.
· High efficiency: DU adds NR-U SN in DDDS only when the received dedicated polling flag for F1-U delay measurement purpose equals 1. Otherwise, DU reports the current DDDS without NR-U SN for the normal polling function.
· Immediate reporting burden: It requires DU to do the immediate feedback after receiving the dedicated polling to ensure the negligible feedback delay, which may bring burden for DU.
Solution 3 variant does the high accurate and efficient measurement without immediate reporting burden as:
· High accuracy: Exact and accurate DU feedback delay is reported to CU if the received dedicated polling flag is set to 1. CU does the measurement based on the method defined in TS 28.552. This solution solves the issue that inaccurate measurement results come from the DU who can not do the immediate feedback.
· High efficiency: DU adds DU feedback delay in DDDS only when the received dedicated polling flag for F1-U delay measurement purpose equals 1. Otherwise, DU reports the current DDDS without DU feedback delay for the normal polling function.

· No reporting burden: There is no time limitation for DU reporting, so it does not lead to the burden for DU to do DDDS reporting
To sum up, solution 3 variant is the best one for high accurate and efficient measurement with no immediate reporting burden. 
Proposal 1: 
F1-U delay measurement can reuse the current polling function and DDDS reporting. Solution 3 variant (use dedicated polling and add feedback delay in DDDS) is the suitable one due to the high accurate and efficient measurement without immediate reporting burden.
3 Conclusion

RAN3 is requested to discuss and if possible agree on the following proposals:
Observation: 
Solution 1 to reuse current polling function and DDDS reporting without update may lead to inaccurate delay measurement result.

Proposal 1: 
F1-U delay measurement can reuse the current polling function and DDDS reporting. Solution 3 variant (use dedicated polling and add feedback delay in DDDS) is the suitable one due to the high accurate and efficient measurement without immediate reporting burden.
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