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1. Discussion
In TR 23.700-60 v0.3.0, there are 10 solutions address 5GS information exposure for XR/media Enhancements.
To address the key issues, the evaluation is performed from the following aspects:
-	How to expose 5GS information for application codec/rate adaptation?
-  The solutions #6, #44 and #48 propose to enhance the existing GBR and support non-GBR QNC mechanism for information exposure, which does not have any impact on UE and backwards compatibility issue are recommended for normative phase.
-  The solutions #5, #42, #43 propose to use the exposure framework to transfer information via UPF (and NEF) to AF. However, the critical issue is that it relies on UPF (and NEF) have capability to exposure information to AF directly, which can’t be supported by most of UPFs and NEFs. 
-  The solutions #41, #46 propose to use ECN marking, which may bring large impact on UE (e.g. transmit the ECN marking (IP layer) in transport layer (e.g. TCP)), so it needs more discussions.
-	What 5GS information needs to be exposed to enable application codec/rate adaptation?
-  Based on current solutions, different information is proposed to expose to AF. The critical issue is how AF enables application codec/rate adaptation based on the exposed information, e.g. congestion level, Round-trip delay, delay difference, which is not clear how they are used by AF for codec/rate adaptation. Based on solution #6, #44, #48, the AF may change its codec based on the information (e.g. mean bitrate) exposure from the 5GS. 

2. Proposal
It is proposed to agree the following texts in TR 23.700-60.
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There are 10 solutions address 5GS information exposure for XR/media Enhancements.
Table 7.x-1: Evaluations of solutions 
	Solutions
	CP/UP
	exposure information 
	High-level descriptions
	Evaluation

	#41: Use of ECN bits for L4S to enable codec/rate adaptation to meet requirements for services
	UP.


	congestion level
	Support to use ECN bits in NG-RAN for L4S, and enablement of using ECN bits marking for L4S, including establish a L4S QoS flow (statically, dynamically based on 5GC configurations, dynamic based AF request).
	This solution has impact on 5GC and RAN, and especially brings large impact on UE (e.g. transmit the ECN marking (IP layer) in transport layer (e.g. TCP)).
It is not clear how AF enables application codec/rate adaptation based on the exposed information (congestion level).

	#46: Use of ECN marking for L4S for scalable congestion control and meet requirements for services
	UP.

	congestion information
	Use of ECN for UP:
- The UE/gNB performs congestion detection and ECN marking.
- The gNB detects congestion and sets the information in IP header/GTP-U header, and the UPF performs ECN marks.
- The UE detects congestion and sets the information in IP header/PDCP header/RLC header, and the UPF performs ECN marks.
Use of ECN for DL: 
- The gNB sets ECN marks in the PDU IP header, and no UE impact.
- The gNB sets in the PDCP/RLC header, and UE copies the ECN marks over to the IP PDU header. 
- The gNB transmits congestion information in the GTP-U header to UPF. The UPF translates congestion into ECN marks, set finally in the IP PDU header of subsequent DL packets. It impacts also UPF and will cause extra latency going backwards and forward again. This can cause an extra delay in congestion response of twice the link latency between gNB and UPF. 
	This solution has impact on 5GC and RAN, and especially brings large impact on UE (e.g. transmit the ECN marking (IP layer) in transport layer (e.g. TCP)). Some concerns are raised on causing extra latency.
It is not clear how AF enables application codec/rate adaptation based on the exposed information.

	#6: Mean bit rate change report
	CP.
Information report: NG-RAN -AMF-SMF-PCF (-NEF)-AF
Information control: AF(-NEF)-PCF-SMF-AMF-NG-RAN.
	non-GBR QNC
	NG-RAN measures the current available mean bitrate and reports the current available mean bitrate or the desired mean bitrate to the SMF.

	Enhance the existing non-GBR QNC mechanism. No any impact on UE.

	#44: XRM AF driven Quick QoS Notification Control
	CP.
Information subscribe/notify: AF(-NEF)-PCF-SMF-RAN.
	QNC
	The AF provides the Requested AW for the XRM stream to the NEF/PCF. The PCF generates AW in PCC rule based on receive Requested AW.

	Support QNC mechanism. No any impact on RAN and UE.

	#48: Enhanced Notification of Rata Adaptation Request
	CP.
Information notify: RAN-AMF-SMF-PCF-NEF-AF.
	GBR and non-GBR QNC
	Similar to solution 6, using QoS Notification mechanism for GBR and non-GBR QoS Flows. RAN determines whether adjust the coding rate, and sends Rate Adaptation Request message to SMF via AMF.
	Enhance the existing non-GBR QNC mechanism. No any impact on UE.

	#5: Exposure of the UE data rate, normal data transmission interruption event and congestion information
	CP+UP.
Information subscribe: AF-NEF-PCF-SMF-RAN+UPF.
Information notify: 
1) UP, RAN/UPF(-NEF)-AF;
2) CP, RAN/UPF-SMF-PCF(-NEF)-AF.

	UE data rate, normal data transmission interruption event, congestion information
	RAN and UPF support UP based and CP based reporting the detected information.
	This solution relies on UPF (and NEF) have capability to exposure information to AF directly, which can’t be supported by most of UPFs and NEFs.

	#43: Information Exposure to AF for XR/media Enhancements
	CP+UP.
1)information subscribe: AF-NEF-PCF-SMF-RAN/UPF; information notify: RAN-UPF-AF.
2) information notify: RAN-UPF(ECN marking)-UE
	Congestion level information, QNC

	Two options for exposing congestion level information to application server:
Option 1: Exposing based on current event exposure framework.
Option 2: Exposing based on Relaxed ECN. 

	Option 1 relies on UPF (and NEF) have capability to exposure information to AF directly, which can’t be supported by most of UPFs and NEFs. Option 2 has impacts on UE, 5GC and RAN.
It is not clear how AF enables application codec/rate adaptation based on the exposed information (e.g. congestion level).

	#42: Exposure of round-trip delay to support XR/media enhancements
	CP+UP.
Information subscribe: AF-NEF-BSF-PCF-SMF-UPF; Information notify: RAN-UPF-NEF-AF

	Round-trip delay

	Two possible cases are given for round-trip delay monitoring:
- The UL and DL traffic be within the same QoS flow. The QoS flow is impacted for the round-trip delay monitoring.
- The main UL and DL traffic are separated into two different QoS flows.
	This solution relies on UPF (and NEF) have capability to exposure information to AF directly, which can’t be supported by most of UPFs and NEFs. 
It is not clear how AF enables application codec/rate adaptation based on the round-trip delay. 

	#47: Delay Difference and Delay Notifications and Reports
	CP.
Information subscribe: AF-NEF-PCF; Information exposure: PCF-NEF-AF.

	Delay difference, two way delay 

	The AF can subscribe delay difference and two way delay of data flows to 5GS. Based on the notification and report of the delay status information, the AF can provide the coordinated service requirement to the 5GS for the tactile and multi-modal flows, during the AF session setup procedures.
	Two way delay relies on the conclusion of KI#6, which needs more discussions.
It is not clear how AF enables application codec/rate adaptation based on the exposed information (e.g. delay difference).

	#45: Information Exposure to AF for XR/media Enhancements
	CP.
Information request: AF-NEF-NWDAF-OAM; Information exposure: NWDAF-NEF-AF

	Estimated QoS: the estimated QoS parameters/characteristics (e.g. the bandwidth, packet error rate, etc.) in advance for a period of time and/or for a specific location area.
	Support to exposure estimated QoS to AF. The NWDAF predicts the average non-GBR estimated QoS and sends the notification to AF if the trigger conditions are met, then AF can decide whether/how to adjust the rate.
	This solution can’t guarantee the real-time feedback on the quick change of radio link.
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-   It is recommended for normative phase to enhance the existing GBR and support non-GBR QNC mechanism for information exposure, including new messages and parameters, as described in solution #6, #44 and #48. What information is needed depends on further discussion and may be coordinated with RAN.
-   Other solutions need more discussions.
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