3GPP TSG-RAN WG3 Meeting #106
R3-197503
Reno, NV, USA, November 18th – 22nd, 2019
Agenda item:

8.1
Source:
Intel Corporation
Title:
For SA5 LS (S5-196840) on QoS monitoring for URLLC
Document for:

Discussion and Decision
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Introduction
SA5 sent LS (S5-196840 [1]) to ask us and see if RAN3 can support per QoS flow QoS monitoring mechanisms defined in SA2. Without our support, SA5 is unable to work on the performance measurements related to UL/DL packet delay, which are important to evaluate the 5G performance to support URLLC services in Rel-16.

In this contribution, we analyse the per QoS flow monitoring mechanisms defined in TS 23.501 [2] and propose the corresponding TPs to make them work.

The discussion and the proposed TPs are further revised considering LSes from CT4 [12] and SA2 [13].
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Discussion

From the descriptions in TS 23.501 [2] Section 5.33.3.2 (see Annex), and also considering the updated description from S2-1910088 [14], there are two mechanisms defined:

	
	If NG-RAN and UPF are time synchronised
	If NG-RAN and UPF are not time synchronised

	Configuration
(common)
	(1) per QFI monitoring is configured by SMF (via PDU Session establishment or modification)
(2) per QFI monitoring parameters:

   – whether to support delay measurement between UE and UPF or only between RAN and UPF; 

   – whether to report UL/DL delay results separately or just one-way delay result on Uu interface

	Monitoring activation
(common)
	(1) Monitoring triggered by a GTP-U header from UPF (over NG-U) 

(2) RAN replies by sending a GPT-U header to UPF (for UPF to calculate)

(3) Uu delay measurement result (either UL/DL separately or one-way) is provided from RAN 

   – How does RAN report Uu delay measurement result is left to RAN3’s decision.

	Delay measured
	Separate UL/DL delay
	RTT (one-way delay by RTT/2)

	DL GTP-U header triggering monitoring
	including in GTP-U header,  

– QMP indicator

– “sending” timestamp T1 (from UPF)
	including in GTP-U header,

– QMP indicator
– “sending” timestamp T1 (from UPF)

	UL GTP-U header

from RAN
	including in GTP-U header,  

– QMP indicator

– DL delay from UPF to RAN (T2-T1)
–

– “sending” timestamp T3 (from RAN)

If no SDF available, use dummy UL packet
	including in GTP-U header,  

– QMP indicator
– “sending” timestamp T1 (from UPF) repeated
– “received” timestamp T2 (at RAN)

– “sending” timestamp T3 (from RAN)
If no SDF available, use dummy UL packet

	Delay between RAN and UPF
	RAN reports DL delay (T2-T1) to UPF

UPF calculates UL delay by (T4-T3)
	UPF calculates RTT by (T4-T1) - (T3-T2)

	Delay between UE and UPF
	Delay between UE and UPF = Delay between RAN and UPF + Uu delay measurement result


Table 1: Comparison between two mechanisms defined in TS 23.501 [2] Section 5.33.3.2.
The first mechanism is used when NG-RAN and UPF are time synchronized, enabling separate UL and DL delay measurements. The second mechanism is used when NG-RAN and UPF are not time synchronized, so RTT is measured instead and one-way delay is calculated by RTT/2. 

The above Table 1 summarizes common parts between two mechanisms (configuration, activation), and how they are different with respect to the required process for NG-RAN to support QoS monitoring.

2.1     QoS monitoring configuration/activation
QoS monitoring is configured by SMF to the NG-RAN via PDU session establishment or modification procedure. Once configured, NG-RAN knows whether it needs to report packet delay measurement result over Uu interface or not, and if so, whether to report DL/UL delays separately or just one-way delay is enough.

But configuration alone does not mean for NG-RAN to perform delay measurements. The monitoring is not triggered until the UPF sends a QFI-specific G-PDU. The relevant information is included in the GTP-U header of the G-PDU sent. Once receiving such G-PDU over NG-U, NG-RAN initiates monitoring process for that QoS flow and also sends a (QFI-specific) G-PDU to the UPF in which information in the GTP-U header helps the UPF calculate delay between NG-RAN and UPF.

Observation 1A: QFI-specific monitoring is configured by SMF to RAN via PDU session establishment or modification. Once configured, RAN knows whether it needs to report packet delay measurement over Uu interface or not, and if so, whether to report DL/UL delays separately or just one-way delay.
Observation 1B: QoS monitoring is not triggered until UPF sends a QFI-specific G-PDU. The relevant information is included in the GTP-U header of the G-PDU. Once receiving such G-PDU over NG-U, RAN initiates monitoring process for that QoS flow and also sends a (QFI-specific) G-PDU to UPF in which information in the GTP-U header helps UPF calculate delay between RAN and UPF.

Since triggered over NG-U, QoS monitoring configuration from SMF and their parameters has to be configured to the places wherever NG-U is terminated, i.e., gNB, SN, or gNB-CU-UP. This means that support of QoS monitoring impacts on TS 38.413 [3], TS 38.423 [4], and TS 38.463 [5].
Observation 1C: Since triggered over NG-U, QoS monitoring configuration from SMF and their parameters should be configured to wherever NG-U is terminated, i.e., gNB, SN, or gNB-CU-UP. 

Given that QoS monitoring requested to implement is per QFI specific, we propose to add a new IE, such as below, into the QoS Flow Level QoS Parameters IE that already exists in NG/Xn/E1AP, and properly describe in the procedures related to PDU session establishment or modification.
	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
	
	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].


Proposal 1: For per QFI monitoring configuration, add a new indicator IE in the existing QoS Flow Level QoS Parameters IE and describe properly in the procedures related to PDU session establishment or modification in NG/E1/XnAP.
2.2     Supporting different mechanisms
We now know that QoS monitoring is triggered when NG-RAN receives in-band indication over NG-U in the GTP-U header. Once triggered, NG-RAN replies by sending a G-PDU including information in the GPT-U header to help UPF calculate delay between NG-RAN and UPF. For QFI-specific monitoring, the GTP-U headers of those G-PDUs always include the associated QFI via the DL/UL PDU Session Information frames defined in TS 38.415 [6].

Observation 2A: For both mechanisms, QoS monitoring is triggered when RAN receives in-band indication over NG-U in the GTP-U header. Once triggered, RAN replies by sending a G-PDU including information in the GPT-U header to help UPF calculate delay between RAN and UPF. 

Observation 2B: For QFI-specific monitoring, GTP-U headers of those G-PDUs always include the associated QFI via the DL/UL PDU Session Information frames defined in TS 38.415 [6]. 
Although each mechanism works in a different way, this does not mean we must support different mechanisms in our stage-3. Both NG-RAN and UPF will know (e.g. by OAM) whether both entities are time synchronized or not. A single design will suffice, as long as the UPF is able to calculate differently depending on whether it is time synchronized with NG-RAN or not.

In fact, what is included in those DL/UL GTP-U headers is almost the same for each mechanism. The only difference is in the UL GTP-U header, where the first mechanism includes DL delay (T2-T1) while the second mechanism repeats the received T1 and provides T2 as well. Moreover, the second mechanism (designed for time un-synchronized) works even though NG-RAN and UPF are time synchronized. If time synchronized, then UPF can calculate DL delay by (T2-T1) and UL delay by (T4-T3) between NG-RAN and UPF, instead of calculating RTT by (T4-T1) - (T3-T2). 

Observation 2C: Although each mechanism works in a different way, this does not mean that we must support different mechanisms in our stage-3. Both RAN and UPF will know (e.g. by OAM) whether time synchronized or not. A single stage-3 design will suffice, if UPF is able to calculate differently.

Observation 2D: In fact, what is included in those DL/UL GTP-U headers is almost the same for each mechanism. The only difference is in the UL GTP-U header, where the first mechanism includes DL delay (T2-T1) while the second mechanism repeats the received T1 and provides T2 as well. 
Observation 2E: Moreover, the second mechanism (designed for time un-synchronized) works even though RAN and UPF are time synchronized. If time synchronized, then UPF can calculate DL delay by (T2-T1) and UL delay by (T4-T3) between RAN and UPF, instead of calculating RTT by (T4-T1) - (T3-T2).
Based on these observations, and for the sake of progress and QoS monitoring support for Rel-16, we propose to support in our stage-3 only the second mechanism and let SA2 update their stage-2 description accordingly.
Proposal 2A: For the sake of progress and QoS monitoring support in Rel-16, RAN3 to support second mechanism (for time un-synchronized) in our stage-3, which works even though NG-RAN and UPF are time synchronized.

Proposal 2B: Inform our decision to SA2 and let SA2 update their stage-2 description accordingly.
2.3     CT4 or TS 38.415?
CT4 already agreed 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 [12].
Observation 3: CT4 already agreed that extending the current PDU Session Container extension header to include necessary information for packet delay measurement together is a preferred way forward [12].
Therefore, we propose to enhance TS 38.415 [6] as in the following.

Proposal 3: RAN3 enhances the DL/UL PDU Session Information frames in TS 38.415 [6] as follows:
·  DL PDU Session Information frame to include QMP indicator, T1 timestamp;

·  UL PDU Session Information frame to include QMP indicator, T1 timestamp, T2 timestamp, T3 timestamp, and Uu delay result.
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Conclusion

In the present contribution we make the following observations:

Observation 1A: QFI-specific monitoring is configured by SMF to RAN via PDU session establishment or modification. Once configured, RAN knows whether it needs to report packet delay measurement over Uu interface or not, and if so, whether to report DL/UL delays separately or just one-way delay.

Observation 1B: QoS monitoring is not triggered until UPF sends a QFI-specific G-PDU. The relevant information is included in the GTP-U header of the G-PDU. Once receiving such G-PDU over NG-U, RAN initiates monitoring process for that QoS flow and also sends a (QFI-specific) G-PDU to UPF in which information in the GTP-U header helps UPF calculate delay between RAN and UPF.

Observation 1C: Since triggered over NG-U, QoS monitoring configuration from SMF and their parameters should be configured to wherever NG-U is terminated, i.e., gNB, SN, or gNB-CU-UP. 

Observation 2A: For both mechanisms, QoS monitoring is triggered when RAN receives in-band indication over NG-U in the GTP-U header. Once triggered, RAN replies by sending a G-PDU including information in the GPT-U header to help UPF calculate delay between RAN and UPF. 
Observation 2B: For QFI-specific monitoring, GTP-U headers of those G-PDUs always include the associated QFI via the DL/UL PDU Session Information frames defined in TS 38.415 [6]. 

Observation 2C: Although each mechanism works in a different way, this does not mean that we must support different mechanisms in our stage-3. Both RAN and UPF will know (e.g. by OAM) whether time synchronized or not. A single stage-3 design will suffice, if UPF is able to calculate differently.

Observation 2D: In fact, what is included in those DL/UL GTP-U headers is almost the same for each mechanism. The only difference is in the UL GTP-U header, where the first mechanism includes DL delay (T2-T1) while the second mechanism repeats the received T1 and provides T2 as well. 

Observation 2E: Moreover, the second mechanism (designed for time un-synchronized) works even though RAN and UPF are time synchronized. If time synchronized, then UPF can calculate DL delay by (T2-T1) and UL delay by (T4-T3) between RAN and UPF, instead of calculating RTT by (T4-T1) - (T3-T2).
Observation 3: CT4 already agreed that extending the current PDU Session Container extension header to include necessary information for packet delay measurement together is a preferred way forward [12].
///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
Based on the discussion in the present contribution and the observations above we propose: 
Proposal 1: For per QFI monitoring configuration, add a new indicator IE in the existing QoS Flow Level QoS Parameters IE and describe properly in the procedures related to PDU session establishment or modification in NG/E1/XnAP.

Proposal 2A: For the sake of progress and QoS monitoring support in Rel-16, RAN3 to support second mechanism (for time un-synchronized) in our stage-3, which works even though NG-RAN and UPF are time synchronized.

Proposal 2B: Inform our decision to SA2 and let SA2 update their stage-2 description accordingly.
Proposal 3: RAN3 enhances the DL/UL PDU Session Information frames in TS 38.415 [6] as follows:
·  DL PDU Session Information frame to include QMP indicator, T1 timestamp;

·  UL PDU Session Information frame to include QMP indicator, T1 timestamp, T2 timestamp, T3 timestamp, and Uu delay result.

The corresponding TPs for NGAP [3], XnAP [4], E1AP [5], and TS 38.415 [6] can be found in [8-11].
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Annex – TS 23.501 [2] Sections 5.33.3.1 and 5.3.33.2, considering the update from S2-1910088 [14]
5.33.3
QoS Monitoring to Assist URLLC Service

5.33.3.1
General

In this release, the QoS Monitoring is applied for packet delay measurement. The packet delay between UE and PSA UPF is a combination of the UL/DL packet delay on Uu interface and UL/DL packet delay between NG-RAN and PSA UPF. The NG-RAN is required to provide the QoS Monitoring on UL/DL packet delay on Uu interface. The QoS Monitoring on UL/DL packet delay between NG-RAN and PSA UPF can be performed on different levels of granularities, i.e. per QoS Flow per UE level, or per GTP-U path level, subject to the operators' configuration, and/or 3rd party application request, and/or PCF policy control for the URLLC services.

5.33.3.2
Per QoS Flow per UE QoS Monitoring

PCF generates the authorized QoS Monitoring policy for a service data flow based on the QoS Monitoring request if received from the AF. PCF includes the authorized QoS Monitoring policy in the PCC rule and provides it to the SMF.

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 SMF sends a QoS Monitoring request to the PSA UPF via N4 and NG-RAN via N2 signalling to request the QoS monitoring between PSA UPF and NG-RAN. The QoS Monitoring request may contain monitoring parameters determined by SMF based on the authorized QoS Monitoring policy received from the PCF and local configuration.

The NG-RAN initiates the measurement of UL/DL packet delay on Uu interface based on the QoS Monitoring request from SMF. NG-RAN reports the UL/DL packet delay result on Uu interface to the PSA UPF in the UL packet data or dummy UL packet as monitoring.



If the NG-RAN and PSA UPF are time synchronised, the one way packet delay monitoring between NG-RAN and PSA UPF is supported. The time stamp in the GTP-U header is used for UL/DL packet delay measurement. The QoS Monitoring Packet (QMP) indicator which indicates the packet used for UL/DL packet delay measurement is also contained in the GTP-U header. PSA UPF and NG-RAN calculates the UL packet delay and DL packet delay between NG-RAN and PSA UPF respectively based on the received time stamp in GTP-U header of service packet and the local time. NG-RAN encapsulates the DL packet delay result and the UL/DL packet delay result on Uu interface in the GTP-U header of UL packet data sent to PSA UPF. The NG-RAN sends a dummy UL packet as the monitoring response packet to the PSA UPF in case there is no UL service packet for UL packet delay monitoring. 
NOTE 1:
When does the NG-RAN sends the dummy UL packet as monitoring response to PSA UPF depends on NG-RAN's implementation.

If the NG-RAN and PSA UPF are not time synchronised, it is assumed that the UL packet delay and the DL packet delay between NG-RAN and PSA UPF is the same. The PSA UPF creates and sends the monitoring packets to the RAN:

-
The PSA UPF encapsulates in the GTP-U header with QFI, TEID, QMP indicator and the local time T1 that sent the DL monitoring packets.

-
The NG-RAN records the local time T1 received in the GTP-U header and the local time T2 at the reception of the DL monitoring packets. The NG-RAN initiates UL/DL packet delay measurement on the Uu interface.

-
When receiving the UL packet from UE or when the NG-RAN sends the dummy UL packet as monitoring response, the NG-RAN encapsulates QMP indicator, the UL/DL packet delay result of Uu interface, the time T1 received in the GTP-U header, the local time T2 at the reception of the DL monitoring packets and local time T3 when NG-RAN sends out this monitoring response packet to the UPF via N3 interface, in the GTP-U header of the monitoring response packet.
-
The PSA UPF records the local time T4T4 when receiving the  monitoring response packets and calculates the round trip and UL/DL packet delay between NG-RAN and anchor PSA UPF based on the time information contained in the GTP-U header of the received  monitoring response packets. The PSA UPF calculates the UL/DL packet delay between UE and PSA UPF based on the received UL/DL packet delay results of Uu interface and UL/DL packet delay between RAN and PSA UPF. The PSA UPF reports the result to the SMF based on some specific condition, e.g. when threshold for reporting to SMF is reached.
If the redundant transmission on N3/N9 interfaces is activated, the UPF and NG-RAN performs QoS monitoring for both UP paths. The UPF reports the packet delay of the two UP paths respectively to the SMF.
