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1. Introduction
The E2E delay measurement for Qos monitoring for URLLC was discussed during the last meeting. The agreements were the following:
Support the information over NG-U for per-packet delay measurement only for the case when NG-RAN and UPF are not time synchronized, based on the understanding that the information required for this mechanism works even if NG-RAN and UPF are time synchronized, and the UPF knowing it is time synchronized to the NG-RAN can calculate DL delay (T2-T1) and UL delay (T4-T3) separately between NG-RAN and UPF, instead of calculating RTT by (T4-T1) - (T3-T2).

To be continued, based on the understanding that NG-RAN has only average delay over Uu and reporting average Uu delay may have impacts on E1 and F1 to measure F1-U delay and also to gather measurement result provided from the UE. 
Per QoS flow monitoring configuration from SMF over NG-RAN will be based on 7477, 7478, 7479. 
Support of GTP-U headers by the PDU Session Container GTP-U extension header over NG-U will be based on 7504.
 To be continued...
In this document we will continue to discuss this issue. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Background
[bookmark: OLE_LINK157][bookmark: OLE_LINK3]Solutions for QoS Monitoring for URLLC are already concluded in SA2 to support two methods, as described in the clause 5.33.3 of TS 23.501-g30, to perform E2E delay measurement on different levels of granularities, i.e. per QoS Flow per UE level, or per node level. Selection between these two methods is subject to the operators’ configuration, 3rd party application request, and/or PCF policy control for the URLLC services.
In this contribution, we will analyse the impacts on RAN to support per QoS Flow per UE level delay measurement.  
3. Discussion
3.1 Overview of SA2 Qos Monitoring
According to the agreements in the last meeting, the reported information over NG-U are the same for both the time synchronized and non-time synchronized network. 
According to the clause 5.33.3.2 of TS 23.501, the procedure of E2E delay measurements is showed in Figure 1.
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[bookmark: _Ref30324287]Figure 1 E2E delay measurement procedure
Step 1: AMF sends the QoS monitoring request to the NG-RAN
Step 2: UPF sends the QoS monitoring indication in the GTP-U header of DL packet.
The GTP- header includes the following information:
· QMP indicator: indicates the packet used for UL/DL packet delay measurement
· T1: time stamp of the UPF when sending this downlink service packet including the QoS monitoring indication
Step 3: NG-RAN remembers the local time T2 at reception of DL monitoring packets.
Step 4:  NG-RAN initiates the UL/DL delay measurements of Uu
NG-RAN may initiate the UL/DL delay measurements upon receiving the QoS monitoring request from AMF or upon receiving the QoS monitoring packets from UPF. It is up to the network implementation. NG-RAN gets the average DL/UL delay of Uu.
Step 5: NG-RAN sends the monitoring response packet to the UPF.
The GTP-U header of the monitoring response packets include the following information:
· QMP indicator
· T1
· T2
· T3: local time when NG-RAN sends out this monitoring response packet
· UL/DL packet delay results of Uu interface
Step 6: UPF calculates the E2E delay
UPF records the local time T4 when receiving the monitoring response packets.
For the non-time synchronized network:
· The one way packet delay between NG-RAN and UPF: {(T4-T1)-(T3-T2)}/2
· The one way uplink packet delay between UE and UPF: uplink delay of Uu + The one way packet delay between NG-RAN and UPF 
· The one way downlink packet delay between UE and UPF: downlink delay of Uu + The one way packet delay between NG-RAN and UPF 
For the time synchronized network:
· The one way downlink packet delay between NG-RAN and UPF: T2-T1
· The one way uplink packet delay between NG-RAN and UPF: T4-T3
· The one way uplink packet delay between UE and UPF: uplink delay of Uu + The one way uplink packet delay between NG-RAN and UPF 
· The one way downlink packet delay between UE and UPF: downlink delay of Uu + The one way downlink packet delay between NG-RAN and UPF 

3.2 NG-C/Xn impact
According to the clause 5.33.3.2 of TS 23.501, SMF activates the end to end UL/DL packet delay measurement between UE and PSA UPF for the QoS Flow during the PDU Session Establishment or Modification procedure. The AMF sends a QoS Monitoring request to the NG-RAN via N2 signalling to request the QoS monitoring between UPF and NG-RAN. Therefore a new QoS Monitoring Request IE should be defined in the PDU SESSION RESOURCE SETUP REQUEST message and the PDU SESSION RESOURCE MODIFY REQUEST message.
[bookmark: OLE_LINK4][bookmark: OLE_LINK7]In the last meeting, RAN3 has agreed to take the R3-197477 (the NGAP CR), R3-197478 (the XnAP CR) as the baseline. R3-197477 adds the following QoS Monitoring Request Information IE in the QoS Flow Level QoS Parameters IE in the PDU SESSION RESOURCE SETUP REQUEST message and the PDU SESSION RESOURCE MODIFY REQUEST message. R3-197478 adds the following the QoS Monitoring Request Information IE in the QoS Flow Level QoS Parameters IE in the S-NODE ADDITION RQUEST message and the S-NODE MODIFICATION REQUEST message.
9.3.1.XX	QoS Monitoring Request Information
This IE indicates monitoring parameters to be applied to a QoS flow.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	QoS Monitoring Request Type
	M
	
	ENUMERATED (between UE and UPF, between NG-RAN and UPF, ...)
	Indicates whether to perform packet delay measurement between UE and UPF, or between NG-RAN and UPF, for the associated QoS flow. Details in TS 23.501 [9].

	Uu Packet Delay Measure Type
	O
	
	[bookmark: OLE_LINK6]ENUMERATED (UL and DL, one way, …)
	Indicates whether to measure UL and DL packet delays separately, or one-way packet delay on Uu interface, for the associated QoS flow. This IE shall be present if QoS Monitoring Request Type is set to “between UE and UPF” and is ignored otherwise. Details in TS 23.501 [9].



According to the agreements of RAN2, NG-RAN will measure the UL and DL delays separately and will not measure the RTT delay. Therefore the Uu packet delay measure type do not need to include the one-way delay. In our understanding, some operators may only want to know the UL packet delays or the DL packet delays. Therefore we think the Uu Packet Delay Measure Type should be ENUMERATED (UL, DL, Both).
Proposal 1:  Add the QoS monitoring Request Type IE ENUMERATED (between UE and UPF, between NG-RAN and UPF, ...) and Uu Packet Delay Measure Type IE ENUMERATED (UL, DL, Both) in the PDU SESSION RESOURCE MODIFY REQUEST message and the PDU SESSION RESOURCE MODIFY REQUEST message
According to the TS 23.501, RAN needs to send the UL/DL RAN part of delay of one QoS flow to the CN. According to the agreements of RAN2, the delay may be provided to QoS flow level by gNB with the assumption that all QoS flows mapped to one DRB get the same QoS treatment. For the SN terminated bearers in MR-DC, it is the SN which decides the mapping of QoS flow to the DRB. For the SN terminated bearers, the MN does not know the mapping of QoS flow to the DRB. Therefore for the SN terminated bearers, it is the SN to configure and calculate the UL/DL delay. The MN needs send the UL/DL delay measurement request to the SN. RAN2 is discussing whether the SN can configure the delay measurements. Therefore it depends on the RAN2 progress.
Proposal 2:  For the SN terminated bearer, whether to add the QoS monitoring Request Type IE and Uu Packet Delay Measure Type IE in the S-NODE ADDITION RQUEST message and the S-NODE MODIFICATION REQUEST message is pending to RAN2 progress.
For the MN terminated SCG/Split bearer and SN terminated MCG/split bearer, some packets are transmitted in the two nodes. Therefore the RAN part delay will be calculated by these two nodes. Therefore the node hosting the PDCP needs send the measurement command to the corresponding node and receive the measurement results from the corresponding node. The node hosting the PDCP needs combine the measurement results in the same measurement periods. Therefore the node hosting the PDCP needs send the Uu Packet Delay Measure Type and the measurement period to the corresponding node. 
In our understanding, the results should be transmitted via the Xn-U in order to reduce the signalling overhead. For the split bearers, the node hosting the PDCP entity receives some packets from another node via the Xn/X2(i.e. there is one additional Xn/X2 latency for these packets). Therefore we think the UL scheduling latency (including HARQ transmission delay and RLC delay) in these two nodes are different in order to ensure the same latency requirement. For example, for the MN terminated split bearer, the SN should schedule the UL packets of this DRB more quickly than the MN. Therefore we think the D1 of these two paths are also different. UE need report two D1.The node hosting the PDCP entity combine the measurement results of the two paths. It depends on the RAN2 progress.
Proposal 3:  For the MN terminated SCG/Split bearer and SN terminated MCG/split bearer, the node hosting the PDCP sends the Uu Packet Delay Measure Type and the measurement period to the corresponding node, and receives the measurement results from the corresponding node via Xn-U. For the split bearers, the node hosting the PDCP entity combines the measurement results of the two paths.  The details are pending to RAN2 progress.
In the handover procedures, the source node will forward the QoS parameters to the target node. In our understanding, if the CN want to get the delay of NG-U and Uu, the source node need forward the QoS monitoring request to the target node. Then the target node can continue the delay measurement.
Proposal 4: Add the QoS monitoring Request Type IE and Uu Packet Delay Measure Type IE in the handover request message.
3.2 NG-U impact
In order to support above requirements in GTP-U, CT4 has discussed the support in GTP-U, and mentioned in the reply LS [1] that extending the current PDU Session Container extension header to include the information for packet delay measurement together with the QFI, e.g. timestamp of NG-RAN/UPF, delay value on Uu interface, is a preferred way forward. 
Also in the last meeting, RAN3 has agreed to take the R3-197479 (NG-U CR) as the baseline. In R3-197479, the timestamp using the first four octets of the 64-bit timestamp format as defined in section 6 of IETF RFC 5905. According the IETF RFC 5905, the first four octets of the 64bit indicates the time in the units of seconds. In our understanding, the precision is not enough. In the URLLC, the units of latency should be nanoseconds. Also RAN2 has agreed that the units of UE PDCP delay is 0.1ms. Considering the future extension, we think the units of timestamp at least should be nanosecond.
Proposal 5: It is proposed to reuse the existing PDU Session Container extension header to support the QoS monitoring information required by the Per QoS Flow per UE QoS Monitoring solution. The units of timestamp at least should be nanosecond.
3.3 E1/F1 impact
The RAN part of DL and UL packet delay is measured by gNB and UE at DRB level, respectively. In reporting to UPF, the delay may be provided to QoS flow level by gNB with the assumption that all QoS flows mapped to one DRB get the same QoS treatment.
The RAN part of packet delay measurement includes UL delay and DL delay. The UL delay consists of D1 and D2 as illustrated in Figure 6.2.2.2.1-1 in TR 3.816. 
· D1 is the PDCP queuing delay in the UE and reported to gNB in RRC. 
· D2 is the rest of the delay, including HARQ (re)transmission delay, RLC delay, F1 delay and PDCP re-ordering delay in gNB. 
The RAN part of UL delay is measured by the following mechanism: 
· UE measures D1 and reports the average of D1 to gNB in RRC; 
· gNB measures the D2 and derives UL delay as D1+D2. 


 
Figure 6.2.2.2.1-1 in TR 3.816: RAN part of UL delay
RAN2 has the following agreements in the last meeting:
7	Capture as a note that the total RAN part of UL packet delay measurement in TS 38.314, which is defined as sum of D1(PDCP queuing delay), D2.1(over-the-air delay), D2.2(RLC delay), D2.3(F1 delay) and D2.4(PDCP re-ordering delay).

In disaggregated gNB architecture, the PDCP re-ordering delay and F1 delay are measured by the CU-UP. The HARQ (re)transmission delay and RLC delay are measured by the DU. 
In our understanding, the operators want to know the whole RAN part of UL packet delay. The network needs to calculate the whole RAN part of UL packet delay. Therefore, it is better for one concentrate entity to combine the delay results from all the entities. In other words, other entities needs to send the measurement results to the concentrate entity. In our understanding, the concentrate entity could be the CU-CP or the CU-UP. 
According to the agreements of SA2, NG-RAN needs send the RAN part of delay to the UPF in the GTP-U header. If the concentrate entity is the CU-CP, the CU-UP firstly needs to send the delay of CU-UP to the CU-CP and receives the whole RAN part of delay from CU-CP. It will increase the signalling interaction between CU-CP and CU-UP. Therefore we think it is the CU-UP to calculate the whole UL delay of RAN part.
According to the TR 3.816, RAN part of the DL delay is measured by gNB by DRB level. For arrival of packets the reference point is PDCP upper SAP. For successful reception the reference point is MAC lower SAP. It includes average delay in DL (e.g. average delay in CU-UP, average delay on F1-U and average delay DL in gNB-DU)
RAN2 has the following agreements in the last meeting:
8	The DL delay in gNB-DU (i.e. D1), the DL delay on F1-U (i.e. D2) and the DL delay in CU-UP (i.e. D3) are measured per DRB per UE.
Same to the above discussion on UL delay measurement, we think it is the CU-UP to calculate the whole DL delay of RAN part. 
Table 1 Comparison of different solutions
	Solution of the measurement reporting
	Impacts on TS of RAN3
	Analyses

	Solution 1: CU-CP calculates the whole UL/DL RAN part delay
	UL delay:
· E1AP: CU-UP sends the delay results measured by CU-UP to CU-CP.
· F1AP: DU sends the delay results measured by DU to CU-CP
· E1AP: CU-CP sends the whole RAN part delay to CU-UP.
· NG-U: CU-UP sends the whole RAN part delay to UPF
DL delay: same to UL delay
	We think the number of solution 2 is less. Therefore we think the solution 2 is better

	Solution 2:CU-UP calculates the whole UL/DL RAN delay
	UL delay:
· E1AP: CU-CP sends the delay results measured by the UE to CU-UP.
· F1-U: DU sends the delay results measured to CU-UP
· NG-U: CU-UP sends the whole RAN part delay to UPF
DL delay:
· F1: DU sends the delay results measured by DU to CU-UP
· NG-U: CU-UP sends the whole RAN part delay to UPF

	



Proposal 6:  The CU-UP calculates the whole UL/DL RAN part delay 
For the DL delay of RAN part, the D1 (the DL delay in DU) is measured in DU. D2(the DL delay on F1-U) and D3(the DL delay in CU-UP) are measured in CU-UP. Therefore the DU needs send the D1 to the CU-UP. Because there is not control plane interface between DU and CU-UP. Therefore we think DU can send the D1 to CU-UP via the GTP-U header same to the UL/DL delay reporting in NG-U. Otherwise the DU need firstly send the D1 to CU-CP, then CU-CP forwards the D1 to CU-UP.
Proposal 7: For the downlink RAN part delay, DU sends the D1 to the CU-UP in the GTP-U header
For the UL delay of RAN part, the CU-UP needs to know the D1 (PDCP queuing delay), D2.1 (over-the-air delay), D2.2 (RLC delay), D2.3 (F1 delay) and D2.4 (PDCP re-ordering delay). The D1 is measured by UE and reported to CU-CP via RRC message. D2.1 and D2.2 are measured in DU. D2.3 and D2.4 are measured in CU-UP. Therefore the CU-CP need send the D1 to the CU-UP. There is only control plane interface between CU-CP and CU-UP. Therefore the CU-CP sends the D1 to the CU-UP via E1AP. Same to the above discussion on DL delay, the DU can send the sum of (D2.1, D2.2) to the CU-UP via F1-U.
Proposal 8: For the uplink RAN part delay, CU-CP sends the D1 to CU-UP via E1AP. DU sends the sum of (D2.1, D2.2) to CU-UP via F1-U. 
For the UL and DL delay measurement period and measurement type, the CU-CP can use the existing message to configure. In F1, the CU-CP can use the UE Context Setup Request, UE Context Modification Request message. In E1, the CU-CP can use the Bearer Context Setup Request, Bearer Context Modification Request message. Also we think that the measurement periods in CU-UP, DU and UE should keep aligned and coordinated. So that the CU-UP can calculate the whole RAN parts delay using the latest measurement results from each entity. According to the running CR of 38.331, the report Interval of delay measurement in UE will reuse the reportInterval IE of period RRM measurement. But the applicable values for the corresponding reportInterval for the delay measurement are still FFS. 

	ul-DelayValueConfig
[bookmark: OLE_LINK95]If the field is present, the UE shall perform the actual PDCP queueing delay measurement per DRB as specified in TS 38.314 [x5] and the UE shall ignore the fields reportQuantityCell and maxReportCells. The applicable values for the corresponding reportInterval are (one of the) [FFS on values]. The reportInterval indicates the periodicity for performing and reporting of UL PDCP Delay per DRB measurement as specified in TS 38.314 [x5].

	useWhiteCellList
[bookmark: _GoBack]Indicates whether only the cells included in the white-list of the associated measObject are applicable as specified in 5.5.4.1.



-- ASN1START
-- TAG-REPORTINTERVAL-START

ReportInterval ::=                  ENUMERATED {ms120, ms240, ms480, ms640, ms1024, ms2048, ms5120, ms10240, ms20480, ms40960,
                                                    min1,min6, min12, min30 }

-- TAG-REPORTINTERVAL-STOP
-- ASN1STOP

In LTE, the report interval of M6 is ENUMERATED {ms1024, ms2048, ms5120, ms10240}.Therefore in our understanding, RAN3 can take the value of LTE as the baseline.
Proposal 9: In F1AP, the measurement period and measurement type are configured via the UE Context Setup Request, UE Context Modification Request message. In E1AP, the measurement period and type are configured via the Bearer Context Setup Request, Bearer Context Modification Request message.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]4. Conclusion
Based on the discussion in this paper, we propose the following:
[bookmark: _Toc423020280]Proposal 1:  Add the QoS monitoring Request Type IE ENUMERATED (between UE and UPF, between NG-RAN and UPF, ...) and Uu Packet Delay Measure Type IE ENUMERATED (UL, DL, Both) in the PDU SESSION RESOURCE MODIFY REQUEST message and the PDU SESSION RESOURCE MODIFY REQUEST message
Proposal 2:  For the SN terminated bearer, whether to add the QoS monitoring Request Type IE and Uu Packet Delay Measure Type IE in the S-NODE ADDITION RQUEST message and the S-NODE MODIFICATION REQUEST message is pending to RAN2 progress.
Proposal 3:  For the MN terminated SCG/Split bearer and SN terminated MCG/split bearer, the node hosting the PDCP sends the Uu Packet Delay Measure Type and the measurement period to the corresponding node, and receives the measurement results from the corresponding node via Xn-U. For the split bearers, the node hosting the PDCP entity combines the measurement results of the two paths.  The details are pending to RAN2 progress.
Proposal 4: Add the QoS monitoring Request Type IE and Uu Packet Delay Measure Type IE in the handover request message.
Proposal 5: It is proposed to reuse the existing PDU Session Container extension header to support the QoS monitoring information required by the Per QoS Flow per UE QoS Monitoring solution. The units of timestamp at least should be nanosecond.
Proposal 6:  The CU-UP calculates the whole UL/DL RAN part delay 
Proposal 7: For the downlink RAN part delay, DU sends the D1 to the CU-UP in the GTP-U header
Proposal 8: For the uplink RAN part delay, CU-CP sends the D1 to CU-UP via E1AP. DU sends the sum of (D2.1, D2.2) to CU-UP via F1-U. 
Proposal 9: In F1AP, the measurement period and measurement type are configured via the UE Context Setup Request, UE Context Modification Request message. In E1AP, the measurement period and type are configured via the Bearer Context Setup Request, Bearer Context Modification Request message.
The set of CRs are provided in [2] ~ [7].
The draft LS out is provided in [8].
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