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1	Introduction
SA2 has sent an LS to RAN3 concerning RAN information exposure for XRM in [1].

For reasons of simplicity, we report the LS content here.

SA2 has started the normative work based on the Rel-18 FS_XRM study conclusions documented in chapter 8 of TR 23.700-60.

SA2 is discussing the following new functionalities exposing NG-RAN information in the specifications under SA2 control:

- For QoS Notification Control for GBR QoS Flow as defined in clause 5.7.2.4 of TS 23.501, upon SMF request, the NG-RAN may additionally support indicating that "GFBR can no longer (or can again) be guaranteed" via GTP-U to UPF

- Based on SMF request over NGAP, data rate information on a per QoS Flow basis may be measured and exposed via NGAP to SMF or via GTP-U to UPF.

SA2 asks RAN3 to provide feedbacks on the above functionalities.

The LS goes on to ask RAN3 to provide feedback on the functionalities above.

This paper analyses the LS and provides answers to the questions from SA2.
2 Analysis of SA2´s Proposed Functionalities 

Functionality 1: - For QoS Notification Control for GBR QoS Flow as defined in clause 5.7.2.4 of TS 23.501, upon SMF request, the NG-RAN may additionally support indicating that "GFBR can no longer (or can again) be guaranteed" via GTP-U to UPF

It is already possible for the RAN to signal QoS Notification Control to the 5GC. The legacy functionality is based on reception of notification control setup per QoS Flow, received by the gNB-CU-CP over NGAP as part of the NG: PDU SESSION RESOURCE SETUP/MODIFY REQUEST.
The gNB-CU-CP in turns includes notification control setup information per DRB in the F1: UE CONTEXT SETUP/MODIFY REQUEST towards the gNB-DU.
After notification control is setup at gNB-DU, the “gNB-DU shall, if supported, monitor the QoS of the DRB and notify the gNB-CU if the QoS cannot be fulfilled any longer or if the QoS can be fulfilled again” (ref. TS38.473). As a consequence, the gNB-CU-CP performs the following (ref. TS38.413):

For each PDU session for which some QoS flows are released or not fulfilled anymore or fulfilled again by the NG-RAN node, the PDU Session Resource Notify Transfer IE shall be included containing: 
1.	The list of QoS flows which are released by the NG-RAN node, if any, in the QoS Flow Released List IE.
2.	The list of GBR QoS flows which are not fulfilled anymore or fulfilled again by the NG-RAN node, if any, in the QoS Flow Notify List IE together with the Notification Cause IE. For a QoS flow indicated as not fulfilled anymore the NG-RAN node may also indicate an alternative QoS parameters set which it can currently fulfil in the Current QoS Parameters Set Index IE.
3. 	The list of QoS flows for which the QoS parameters were updated but could not be successfully accepted by the NG-RAN node during the Path Switch Request procedure, if any, in the QoS Flow Feedback List IE which may be associated with a value it could offer.

What we can conclude is that the gNB-CU-CP is the RAN node hosting the notification control function because it is configured by the CN for notification control reporting per QoS Flow, it configures the gNB-DU for notification control per DRB, it receives notification control indication from the gNB-DU and it signals them to the AMF.
We can also conclude that the gNB-CU-CP is mandated to provide, as part of the QoS Notification Control function, a notification cause and an alternative QoS parameter over the NGAP (the PDU Session Resource Notify Transfer IE shall be included containing…). 	
However, the gNB-DU is not mandated to support the feature of indicating alternative QoS parameters. TS38.473 quotes:	 

“The NOTIFY message shall contain the list of the GBR DRBs associated with notification control for which the QoS is not fulfilled anymore or for which the QoS is fulfilled again by the gNB-DU. The gNB-DU may also indicate an alternative QoS parameters set which it can currently fulfil in the Current QoS Parameters Set Index IE.”

Observation 1: the gNB-CU-CP is the node hosting the notification control function at the RAN. The GNB-CU-CP is mandated to provide, as part of QoS Notification Control, alternative QoS parameters. The gNB-DU is mandated to provide notification control information concerning fulfilled/not-fulfilled QoS flow bitrate, but it is not mandated to provide alternative QoS parameters. 

Adopting the approach mentioned in functionality 1 of the LS form SA2 implies that the notification control function needs to be extended to other nodes, hence it implies an impact on RAN nodes and interfaces. In particular here are some of the impacts foreseen:
· The gNB-CU-CP should configure the gNB-CU-UP with notification control per DRB. This is needed because the gNB-CU-UP needs to be aware of the notification control information that will be received per DRB from the gNB-DU and transmitted per QoS Flow to the UPF. This impacts the gNB-CU-UP, which so far is not involved with the notification control function.
· Configuration of notification control from gNB-CU-CP to gNB-UC-UP implies an impact over the E1
· The gNB-CU-CP needs to configure the gNB-DU to report notification control over the F1-U. This implies an impact over the F1-C
· The gNB-DU needs to report notification control over GTP-U in F1-U. This implies an impact to the UP protocol used for the F1-U. Note that the same protocol is used for the X2-U and Xn-U, hence the new additions to the F1-U protocol will also create an impact over X2-U and Xn-U.
· Once the gNB-CU-UP receives notification control over F1-U from the gNB-DU, it needs to check that the DRB over which it is reported is enabled for notification control and include the notification control indication over NG-U. This has an impact on the NG-U and on GTP-U.

Note1: signalling QoS Notification Control over the UP may imply that the alternative QoS parameters functionality may not be supported because the gNB-DU is not mandated to support such functionality and report such information. 
Note2: Another alternative could be to make the gNB-DU report QoS notification control over the CP and let the gNB-CU-CP report QoS Notification Control information to the gNB-CU-UP over E1, so that the information can be forwarded to the UPF. However, this approach has an even bigger impact on the gNB-CU-UP and it is subject to higher reporting delays due to signalling over the E1.
Conclusion 1: The proposal to have QoS Notification Control for GBR QoS Flow signalled over the UP has a potential impact on all NG-RAN nodes and interfaces, as well as over the NG-C and NG-U. Signalling QoS Notification Control over the UP may deny the possibility of reporting alternative QoS parameters.

Besides these impacts, one should question what the benefits of signalling such information over the UP are. Given that QoS Notification Control for GBR QoS Flow is already signalled to the 5GC over the NG-C, it seems that signalling it also over the UP creates a duplication of functionality.

Observation 2: QoS Notification Control for GBR QoS Flow is already signalled over CP to the 5GC. Signalling it also over UP implies a duplication of functionality

Perhaps one of the aspects leading to this proposal is that of a faster indication of notification control to the application function. The latter is questionable for a number of reasons.
The first reason is that it is not granted that the UPF is “closer” to the AF. The SMF may be just as fast in signalling notification control to the AF, or even faster, than the UPF. It all depends on 5GC implementations and deployments, namely it is already possible today to achieve fast communication between the SMF and the AF via appropriate implementation.
Observation 3: Fast communication between SMF and AF can be achieved today by means of opportune 5GC implementation

Moreover, it should be considered that QoS Notification Control for GBR QoS Flow is not generated in real time by the NG-RAN. One shall not assume that as soon as a GBR rate is not fulfilled or it is fulfilled again, a QoS Notification Control is generated. On the contrary, such notification is triggered after the bit rate has not fulfilled/fulfilled again the GBR requirements for a given amount of time, which is implementation dependent. This is also described in TS23.501, section 5.7.2.4, where the following notes are captured:

NOTE 1:	NG-RAN can decide that the "GFBR can no longer be guaranteed" based on, e.g. measurements like queuing delay or system load.
NOTE 2:	It is assumed that NG-RAN implementation will apply some hysteresis before determining that the "GFBR can be guaranteed again" and therefore a frequent signalling of "GFBR can be guaranteed again" followed by "GFBR can no longer be guaranteed" is not expected.

From the above notes it is deduced that:
1) It is up to RAN implementation how to determine that “GFBR can no longer be guaranteed”. Given that the measurements on which notification control can be deduced are averaged measurements, it is plausible to assume that notification control will be triggered in a non real time manner.
2) The RAN is expected to adopt a hysteresis, i.e. a delay, when generating QoS Notification control messages, hence notification control is a non-real time notification triggered by an event that happened at some point in the past

Observation 4: QoS Notification Control signalling is not a real time information. Instead, it is a notification based on averaged measurements and subject to hysteresis (i.e. delayed). It should not be assumed that this information can be used to enable a real time control of application data rates.
Another aspect to consider is that GTP-U does not support in order delivery. Hence, it is not guaranteed that notification control signals to indicate fulfilment/not-fulfilment of QoS flow bit rates are received at the UPF in the right order. This may generate harmful conditions where the UPF exposes to the AF notification control information in the wrong order and where eventual bit rate modifications at the AF happens in contradiction to the bit rates achieved at the RAN.
Observation 5: GTP-U does not guarantee in order delivery. Hence it is not guaranteed that notification control signals to indicate fulfilment/not-fulfilment of QoS flow bit rates are received at the UPF in the right order. This may generate harmful conditions where the UPF exposes to the AF notification control information in the wrong order and where eventual bit rate modifications at the AF happens in contradiction to the bit rates achieved at the RAN.

With the above in mind, it can be concluded that there is no gain in sending QoS Notification Control over the UP with the purpose of a better control of the application data rate, because the notification anyhow refers to an event that occurred in the past and that is not reported in real time. Even if signalling this notification via the SMF (as of today) implied an extra delay of a few milliseconds, this would not affect the system performance and the level of control of application data rates.

Conclusion 2: There are no identified benefits for signalling the QoS Notification Control for GBR QoS Flow over the UP to the UPF.  Signalling of such QoS Notification Control indication based on averaged measurements and subject to hysteresis (i.e. delayed) to avoid “ping pong” effects, hence, a marginal reduction of notification control signalling delay would not improve application data rate control because the notification is anyhow delayed with respect to the event that triggered it. Lack of in order delivery over GTP-U may cause out of order information exposure at the UPF/AF and wrong rate adaptation decisions at the AF.

In light of the above it is proposed to provide the following feedback to the functionality of QoS Notification Control for GBR QoS Flow as follows:
Feedback to the functionality of QoS Notification Control for GBR QoS Flow: Supporting signalling of QoS Notification Control for GBR QoS Flow via GTP-U to UPF has a potential impact on all the RAN nodes and interfaces. Signalling QoS Notification Control over the UP may deny the possibility of reporting alternative QoS parameters.
RAN3 would like to point out that QoS Notification Control for GBR QoS Flow is deliberately delayed with respect to the event that triggered it, so to create an hysteresis and avoid “ping pong” effects, hence it should not be assumed that this information is sent in real time and that it can be used for real time application rate control.
Lack of in order delivery over GTP-U may cause out of order information exposure at the UPF/AF and wrong rate adaptation decisions at the AF.
RAN3 has not identified any benefits for this feature, considering that QoS Notification control is already signalled to the 5GC over NG-C. 

Functionality 2 - Based on SMF request over NGAP, data rate information on a per QoS Flow basis may be measured and exposed via NGAP to SMF or via GTP-U to UPF.

The proposal above assumes that the gNB-CU-CP receives an indication over NGAP that data rate on a per QoS Flow basis need to be exposed over NGAP or over GTP-U. This functionality implies impacts on the RAN, which we list as follows:
· Impacts on the NGAP to signal the activation of rate reporting and to signal the actual data rates to the SMF (via AMF)
· Impacts on the E1AP to enable gNB-CU-CP to request UP data rates from gNB-CU-UP and to receive them
· In case the required data rate measurements are not already defined, the following impacts are foreseen:
· Impacts on gNB-CU-UP, which needs to support a new measurement
· Impacts on TS38.314, to define the required measurement
· Impacts on the NG-U, to report data rates from the gNB-CU-UP to the UPF
· If the data rate required is measured at the gNB-DU:
· Impacts on the F1-C to request and to report the data rate measurements required
· Impacts on the F1-U to report the data rates from gNB-DU to gNB-CU-UP
· Impacts on the gNB-DU which needs to measure and report the data rates
· Impacts on TS38.314, to define the required measurement (if not already defined)
Note: After an IP packet enters PDCP, the only data rate that the RAN can measure is a per DRB one. It is not possible to derive individual per QoS Flow data rates from the overall DRB data rate. Hence it is not feasible to assume that data rates measured per DRB by the RAN can be converted in data rates per QoS Flow, to be signalled to the CN.

Conclusion 3: The proposal to expose data rate information on a per QoS Flow via NGAP to SMF or via GTP-U to UPF has potential impacts on all RAN nodes and interfaces. It is not feasible to assume that data rates measured per DRB by the RAN can be converted in data rates per QoS Flow, to be signalled to the CN

When it comes to the benefits this proposal may have, it is not clear why the data rates per QoS Flow measured at the UPF are not sufficient. Indeed, the purpose of this proposal should be to acquire data rates that are meaningful to expose to an application function. In this case, the data rate that should be monitored is the IP data rate in ingress to/egress from the gNB-CU-UP. This data rate is today not required to be measured at NG-RAN nor defined as a measurement in 3GPP. Nevertheless, such data rate measurement is exactly what the UPF can measure directly, without the need of RAN intervention. 
For the case of data rate exposure over the NG-U (using GTP-U), it shall be noted that the same issues described above apply, namely GTP-U does not guarantee in order delivery. Hence, data rate information may be received at the UPF/AF out of order and that may imply wrong rate adaptation decisions.
Hence it is not clear how this proposal generates a gain when compared to using the data rate monitored at the UPF.
Conclusion 4: The proposal of exposing data rate information on a per QoS Flow via NGAP to SMF or via GTP-U to UPF seems to have no benefit when compared to the data rates per QoS flow that can be measured at the UPF and made available to other functions in the 5GC. Per QoS Flow data rate measurements are not defined nor required at the NG-RAN, however such measurements are already available at the UPF 
It is therefore proposed to reply to provide the following feedback to the functionality of per QoS Flow via NGAP to SMF or via GTP-U to UPF as follows:

Feedback to the functionality of per QoS Flow via NGAP to SMF or via GTP-U to UPF: 
Supporting exposure of data rate information on a per QoS Flow via NGAP to SMF or via GTP-U to UPF has a potential impact on all the RAN nodes and interfaces. 
It is not feasible to assume that data rates measured per DRB by the RAN can be converted in data rates per QoS Flow, to be signalled to the CN. 
RAN3 would like to point out that per QoS Flow data rate measurements are not defined nor required at the NG-RAN, however such measurements can directly be taken at the UPF. 
RAN3 has not identified any benefits for this feature, considering that data rates per QoS flow can be measured already at the UPF and made available to other functions in the 5GC.

Conclusion
This paper analysed the content of the LS sent by SA2 in [1]. The paper provided the following observations and conclusions:
Observation 1: the gNB-CU-CP is the node hosting the notification control function at the RAN. The GNB-CU-CP is mandated to provide, as part of QoS Notification Control, alternative QoS parameters. The gNB-DU is mandated to provide notification control information concerning fulfilled/not-fulfilled QoS flow bitrate, but it is not mandated to provide alternative QoS parameters. 
Conclusion 1: The proposal to have QoS Notification Control for GBR QoS Flow signalled over the UP has a potential impact on all NG-RAN nodes and interfaces, as well as over the NG-C and NG-U. Signalling QoS Notification Control over the UP may deny the possibility of reporting alternative QoS parameters.
Observation 2: QoS Notification Control for GBR QoS Flow is already signalled over CP to the 5GC. Signalling it also over UP implies a duplication of functionality
Observation 3: Fast communication between SMF and AF can be achieved today by means of opportune 5GC implementation
Observation 4: QoS Notification Control signalling is not a real time information. Instead, it is a notification based on averaged measurements and subject to hysteresis (i.e. delayed). It should not be assumed that this information can be used to enable a real time control of application data rates.
Observation 5: GTP-U does not guarantee in order delivery. Hence it is not guaranteed that notification control signals to indicate fulfilment/not-fulfilment of QoS flow bit rates are received at the UPF in the right order. This may generate harmful conditions where the UPF exposes to the AF notification control information in the wrong order and where eventual bit rate modifications at the AF happens in contradiction to the bit rates achieved at the RAN.
Conclusion 2: There are no identified benefits for signalling the QoS Notification Control for GBR QoS Flow over the UP to the UPF.  Signalling of such QoS Notification Control indication based on averaged measurements and subject to hysteresis (i.e. delayed) to avoid “ping pong” effects, hence, a marginal reduction of notification control signalling delay would not improve application data rate control because the notification is anyhow delayed with respect to the event that triggered it. Lack of in order delivery over GTP-U may cause out of order information exposure at the UPF/AF and wrong rate adaptation decisions at the AF.
Conclusion 3: The proposal to expose data rate information on a per QoS Flow via NGAP to SMF or via GTP-U to UPF has potential impacts on all RAN nodes and interfaces. It is not feasible to assume that data rates measured per DRB by the RAN can be converted in data rates per QoS Flow, to be signalled to the CN
Conclusion 4: The proposal of exposing data rate information on a per QoS Flow via NGAP to SMF or via GTP-U to UPF seems to have no benefit when compared to the data rates per QoS flow that can be measured at the UPF and made available to other functions in the 5GC. Per QoS Flow data rate measurements are not defined nor required at the NG-RAN, however such measurements are already available at the UPF.
It is proposed to provide feedback to the functionalities described in [1] as follows:

Feedback to the functionality of QoS Notification Control for GBR QoS Flow: 
Supporting signalling of QoS Notification Control for GBR QoS Flow via GTP-U to UPF has a potential impact on all the RAN nodes and interfaces. Signalling QoS Notification Control over the UP may deny the possibility of reporting alternative QoS parameters.
RAN3 would like to point out that QoS Notification Control for GBR QoS Flow is deliberately delayed with respect to the event that triggered it, so to create an hysteresis and avoid “ping pong” effects, hence it should not be assumed that this information is sent in real time and that it can be used for real time application rate control.
Lack of in order delivery over GTP-U may cause out of order information exposure at the UPF/AF and wrong rate adaptation decisions at the AF. 
RAN3 has not identified any benefits for this feature, considering that QoS Notification control is already signalled to the 5GC over NG-C. 


Feedback to the functionality of per QoS Flow via NGAP to SMF or via GTP-U to UPF: 
Supporting exposure of data rate information on a per QoS Flow via NGAP to SMF or via GTP-U to UPF has a potential impact on all the RAN nodes and interfaces. 
It is not feasible to assume that data rates measured per DRB by the RAN can be converted in data rates per QoS Flow, to be signalled to the CN. 
RAN3 would like to point out that per QoS Flow data rate measurements are not defined nor required at the NG-RAN, however such measurements can directly be taken at the UPF.
RAN3 has not identified any benefits for this feature, considering that data rates per QoS flow can be measured already at the UPF and made available to other functions in the 5GC.
A draft reply LS based on the answers derived in this paper is presented for agreement in [2]
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