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1. Introduction
In the #107-e meeting, RAN3 has agreed a set of CRs to support the QoS monitoring for URLLC (i.e., the E2E delay measurement between UPF and UE) as per SA2 demand. And at that meeting, a LS was sent to SA2 with two questions for clarification. SA2 has sent the reply LS back to RAN3 in [1]. 
At the #108-e meeting, the corresponding proposed specification modifications were discussed based on the reply LS from SA2. However, none of the proposals were agreed.  Chairman notes indicates that the discussion will continue in # 109-e meeting. 
In this contribution, we provide more details on the need of a report frequency for each nodes in gNB for delay measurement reporting.
For D1, the reason that it was not agreed at last meeting is that one company insisted that SA5 should introduce D1 in SA5 specification firstly. Therefore, we propose RAN3 to agree on D1 reporting at this meeting assuming that SA5 will add D1 in the RAN part delay measurement in their spec within the same meeting weeks as RAN3.
2. Discussion
2.1 Inclusion of D1 in UL packet delay result of Uu interface
According the reply LS [1] from SA2, SA2 has agreed that the E2E UL packet delay shall include the D1 packet delay (PDCP queuing delay, as defined in the clause 4.2.1 of TS 38.314) inside of the UE. Also RAN2 has confirmed that the D1 packet delay is also used for QoS monitoring in TS 38.314. However, in the current TS 38.415, the UL delay result does not include the D1 packet delay yet.

	SA2 would like to provide the following answers to the above questions:

A1) Based on the requirement from SA1, which is specified in the clause 6.23 of TS 22.261, the 5G system shall provide a mechanism for supporting real time E2E QoS monitoring within a system. UE is one of the elements of 5G system, so the E2E UL packet delay shall include the D1 packet delay (PDCP queuing delay, as defined in the clause 4.2.1 of TS 38.314) inside of the UE. SA2 has agreed a set of CRs as attached to update the QoS Monitoring solution description on this aspect accordingly.


Proposal 1: To include the D1 packet delay in the UL Delay Result of Uu interface and report it to UPF over NG-U.

2.2 Need of reporting frequency
The second question that RAN3 asked is whether a measurement period is required from stage 2 perspective for different entities inside of a gNB. According the reply LS [1] from SA2, SA2 thinks that the measurement period is not needed. 

However, the answer is not aligned to core network stage 2 and 3 specifications.

Firstly, according to the stage 2 specification in TS 23.502 as cited below, the CN will send a Qos Monitoring Reporting Frequency to the NG-RAN to determine the packet delay measurement frequency of Uu interface. 

	3b.
For SMF requested modification, the SMF invokes Namf_Communication_N1N2MessageTransfer ([N2 SM information] (PDU Session ID, QFI(s), QoS Profile(s), [Alternative QoS Profile(s)], Session-AMBR, [CN Tunnel Info(s)], QoS Monitoring indication, QoS Monitoring reporting frequency, [TSCAI(s)]), N1 SM container (PDU Session Modification Command (PDU Session ID, QoS rule(s), QoS Flow level QoS parameters if needed for the QoS Flow(s) associated with the QoS rule(s), QoS rule operation and QoS Flow level QoS parameters operation, Session-AMBR))).


The SMF may indicate for each QoS Flow whether redundant transmission shall be performed by a corresponding redundant transmission indicator. If the SMF decides to activate redundant transmission in step 2a, the SMF includes the allocated additional CN Tunnel Info in the N2 SM information. If the SMF decides to perform redundant transmission for new QoS Flow with two I-UPFs in step 2a, the SMF includes the allocated CN Tunnel Info of the two I-UPFs in the N2 SM information.


If redundant transmission has been activated on the PDU Session, and the SMF decides to stop redundant transmission in step 2a, the SMF indicates the (R)AN to release the AN Tunnel and stop packet duplication and elimination associated with the redundancy tunnel of the PDU Session.


The SMF indicates the request for QoS Monitoring for the QoS Flow according to the information received from the PCF in step 1b, or based on SMF local policy, e.g. when the RAN rejected the creation of a specific QoS Flow for URLLC. In the case of receiving the QoS Monitoring indication, the RAN enables the RAN part of UL/DL packet delay measurement for the QoS Flow and the QoS Monitoring reporting frequency is used by RAN to determine the packet delay measurement frequency of the RAN part. The TSCAI is defined in TS 23.501 [2] clause 5.27.2.


If the UE is in CM-IDLE state and an ATC is activated, the AMF updates and stores the UE context based on the Namf_Communication_N1N2MessageTransfer and steps 4, 5, 6 and 7 are skipped. When the UE is reachable e.g. when the UE enters CM-CONNECTED state, the AMF forwards the N1 message to synchronize the UE context with the UE.


Furthermore, in TS 29.244, it clearly states that the SMF will configure a reporting frequency to the UPF indicating the frequency of the delay reporting. The definition of reporting frequency contains event triggered reporting, periodic reporting, and/or reporting when the PDU Session is released.
	5.24.4
Per QoS Flow Per UE QoS Monitoring
5.24.4.1
General
Stage 2 requirements for support of per QoS flow per UE QoS monitoring are specified in clause 5.33.3.2 of 3GPP TS 23.501 [28].
The UPF shall set the QFQM feature flag in the Function Features IE if it supports per QoS flow per UE QoS monitoring (see clause 8.2.25). If so, the SMF may request the UPF to perform the per QoS flow per UE QoS monitoring during a PFCP session establishment or a PFCP session modification procedure.
The SMF shall provision one or more QoS Monitoring per QoS flow control Information IEs to instruct the UPF to monitor the packet delay(s) of QoS flows as specified in 5.24.4.2.

The UPF shall report the QoS monitoring result of the QoS flows to the SMF by sending QoS Monitoring Report IEs to the SMF as specified in 5.24.4.3.

5.24.4.2
QoS Monitoring Control
If the per QoS Flow per UE QoS monitoring is required, the CP function may provision the following IEs included in the QoS Monitoring per QoS flow Control Information IE:

-
one or more QFI IEs indicating the QoS flow(s) required for the QoS monitoring;

-
a Requested QoS Monitoring IE indicating a request to monitor the downlink packet delay, uplink packet delay, and/or the round trip packet delay between the UPF (PSA) and UE;

-
a Reporting Frequency IE indicating the frequency for the reporting, such as event triggered, periodic, and/or when the PDU Session is released;
-
a Packet Delay Thresholds IE indicating thresholds for the downlink packet delay, uplink packet delay, and/or the round trip packet delay to generate the QoS monitoring reports to the CP function, if the Event Triggered QoS monitoring reporting is required in the reporting frequency.

-
a Minimum Wait Time IE, to indicate the minimum waiting time between two consecutive reports, if the Event Triggered QoS monitoring reporting is required in the reporting frequency;

-
a Measurement Period IE, indicating the period to generate periodic usage reports to the CP function if the periodic QoS monitoring reporting is required in the reporting frequency.

5.24.4.3
QoS Monitoring Reporting
If the UP function is requested to perform QoS Monitoring (i.e. it receives one or more QoS Monitoring per QoS flow Control Information IEs from the CP function), the UP function shall select one or more downlink packets pertaining to every requested QoS flow(s), and insert the time stamp into the GTP-U PDU Session Container extension header (see 3GPP TS 38.415 [34]) of these downlink packets.

When receiving the uplink packet related to the requested QoS flow(s), the UP function shall measure the packet delay(s) based on the time stamp(s) and packet delay(s) included in the GTP-U PDU Session Container extension header (see 3GPP TS 38.415 [34]) of the uplink packet, and generate a QoS monitoring report towards the CP function, if the packet delay(s) exceeds the defined Packet Delay Thresholds and Event Triggered QoS monitoring reporting is required in the reporting frequency. The UP function may send a next report only after the minimum waiting time indicated by the CP function.

If the Periodic QoS monitoring reporting is required in the reporting frequency, the UP function shall generate QoS monitoring report based on the Measurement Period.
The UP function shall send QoS Monitoring Report IE to the CP function in PFCP Session Report Request; several QoS Monitoring Report IEs may be present to report the packet delay(s) for multiple QoS flows.
The UP function shall include the delay value (Downlink, Uplink and/or Round trip) in the QoS Monitoring Measurement IE in the QoS Monitoring Report IE.

The UP function shall continue to apply all the provisioned SRR(s) and perform the related QoS monitoring measurement(s), until getting any further instruction from the CP function.

When receiving a new threshold (Packet Delay Thresholds, Minimum Wait Time and/or Measurement Period) from the CP function for a measurement that is already ongoing in the UP function, the UP function shall consider its ongoing measurements against the new threshold to determine when to send its next QoS monitoring report to the CP function.

At the PFCP session termination, the UP function shall include a QoS Monitoring Report IE in the PFCP Session Deletion Response, if the reporting frequency requests a report to be generated at the PFCP session termination.

If the Event Triggered QoS monitoring reporting is required in the reporting frequency, and no time stamp is received in uplink packet for a delay exceeding the Packet Delay Thresholds, the UP function shall generate a QoS monitoring report indicating a packet delay measurement failure to the CP function.

If the Periodic QoS monitoring reporting is required in the reporting frequency, and no time stamp is received in uplink packet for a delay exceeding the Measurement Period, the UP function shall generate a QoS monitoring report indicating a packet delay measurement failure to the CP function.


Observation 1: Reporting frequency is configured by the SMF to UPF for packet delay measurement reporting.
Observation 2: The reporting frequency defined between SMF and UPF contains event triggered reporting, periodic reporting, and/or reporting when the PDU Session is released.

Observation 3: When event triggered reporting is required, a Packet Delay Thresholds and a Minimum Wait Time will be configured together.
Observation 4: When Periodic QoS monitoring reporting is required, a Measurement Period is configured together in the reporting frequency.
Observation 5: If Periodic QoS monitoring reporting is required in the reporting frequency, and no measurement report is received when the measurement period is exceeded, the UPF will report a packet delay measurement failure to the SMF. 
From above observations, we can conclude that:

Conclusion: The SMF/AMF should be able to configure a reporting frequency to the gNB like the one configured to UPF for delay measurement reporting for Qos monitoring.
However, it’s difficult for the gNB to support the event triggered reporting defined in TS 29.244, because it’s not easy to split the Packet Delay Threshold for each part of the RAN part delay for each entities in the gNB. Only supporting periodic reporting in the gNB seems sufficient, because the UPF may perform event triggered reporting to SMF by implementation.
Furthermore, for the periodic QoS monitoring reporting in UPF, if the reporting period of RAN part delay in the gNB is not align to the measurement period in UPF, the UPF will likely report a packet delay measurement failure according to the description in TS 29.244.

Proposal 2: The SMF/AMF should at least be able to configure a measurement period defined in the reporting frequency in TS 29.244 to the gNB.

In disaggregated architecture, RAN2 agreed that the total RAN part of packet delay measurement is the sum of the delay measurements in different entities. Therefore, the measurement period should be configured to gNB-DU and CU-UP, so that different entities in the gNB can report the measurement results to the CU-UP in a unified time window which makes the calculation of the total value of UL/DL delay in the CU-UP feasible.
Proposal 3: The measurement period should be configured to gNB-DU and CU-UP in disaggregated architecture.
According to TS 29.244, the measurement period is defined as an unsigned32 binary integer value and the unit is second.
	8.2.42
Measurement Period

The Measurement Period IE contains the period, in seconds, for generating periodic usage reports or the periodic QoS monitoring reports. It shall be encoded as shown in Figure 8.2.42-1.

Bits

Octets

8

7

6

5

4

3

2

1

1 to 2

Type = 64 (decimal)

3 to 4

Length = n
5 to 8
Measurement Period

9 to (n+4)

These octet(s) is/are present only if explicitly specified
Figure 8.2.42-1: Measurement Period

The Measurement Period field shall be encoded as an Unsigned32 binary integer value.


The measurement period configured to the gNB may reuse the same definition as the one in TS 29.244 which means the IE is an integer with value range from 1s to 3600s.
Another reference is the report interval defined in TS 38.413 for M6 configuration for MDT. The value of M6 report interval is ENUMERATED (ms120, ms240, ms480, ms640, ms1024, ms2048, ms5120, ms10240, ms20480, ms40960, min1, min6, min12, min30, …). 
In principle, the reporting interval of RAN reporting should not be longer than the measurement period in UPF, otherwise the UPF may think that there is a packet delay measurement failure. And a higher reporting frequency in the gNB may help the sampling in the UPF to produce a more consistent result.

Therefore, we propose to reuse the reporting interval of M6 defined in 38.413 which is also aligned to the measurement period of D1 configured by RRC naturally.
Proposal 4: The value range of the measurement period is the same as the one for M6, i.e., ENUMERATED (ms120, ms240, ms480, ms640, ms1024, ms2048, ms5120, ms10240, ms20480, ms40960, min1, min6, min12, min30, …).
3. Conclusion
Based on the discussion in this paper, we have the following observations and proposals:
Proposal 1: To include the D1 packet delay in the UL Delay Result of Uu interface and report it to UPF over NG-U.

Observation 1: Reporting frequency is configured by the SMF to UPF for packet delay measurement reporting.

Observation 2: The reporting frequency defined between SMF and UPF contains event triggered reporting, periodic reporting, and/or reporting when the PDU Session is released.

Observation 3: When event triggered reporting is required, a Packet Delay Thresholds and a Minimum Wait Time will be configured together.
Observation 4: When Periodic QoS monitoring reporting is required, a Measurement Period is configured together in the reporting frequency.
Observation 5: If Periodic QoS monitoring reporting is required in the reporting frequency, and no measurement report is received when the measurement period is exceeded, the UPF will report a packet delay measurement failure to the SMF. 
Conclusion: The SMF/AMF should be able to configure a reporting frequency to the gNB like the one configured to UPF for delay measurement reporting for Qos monitoring.

Proposal 2: The SMF/AMF should at least be able to configure the measurement period defined in the reporting frequency in TS 29.244 to the gNB.

Proposal 3: The measurement period should be configured to gNB-DU and CU-UP in disaggregated architecture.
Proposal 4: The value range of the measurement period is the same as the one for M6, i.e., ENUMERATED (ms120, ms240, ms480, ms640, ms1024, ms2048, ms5120, ms10240, ms20480, ms40960, min1, min6, min12, min30, …).
The corresponding CRs are provided in [2] - [6] to reflect above proposals.
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