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Abstract of the contribution: Propose a solution related to KI1 to allow AS awareness of RAN discarded info for proper FEC determination by the sender if RAN performed PDUs discarding.
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6.X	Solution #X: RAN feedback signal for discarded PDUs due to FEC
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc148498833]6.X.1	Key Issue mapping
This solution is for Key Issue #1, which enables NG-RAN to perform active PDU discarding based on certain conditions. In order for this solution to be useful, RAN is also required to send discarded ratio as a feedback signal to sender via inband; hence, it touches an area related to KI#9.
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686][bookmark: _Toc148498834]6.X.2	Description
An example of an FEC ratio implementation can be based on the following scheme:
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Figure 6.x.2-1: Example on an FEC implementation
The characteristics of this example are as followed:
a. 	More protection is placed to protect key-frame (I-frame) than dependent frames. 
b.	FEC packets are spread-out to account for a possible continuous big chuck of packets lost in the path. 
c.	FEC ratio is dynamically adjusted based on bandwidth estimation and feedback (e.g delay / packet loss) signals, i.e, the encoder needs to decide how to split the bandwidth between source packets vs. protection packets to achieve the best possible QoE.
d.	When media packet N is lost, receiver checks for all FEC packets which could recover media packet N in its buffer. In general, it means the decoder parses packet headers, including RTP header and FEC headers to build a map of dependencies. The SDP negotiation between the sender and receiver determine which payload type carries the FEC packets. 
From this example, if the NG-RAN starts to discard packet without understanding whether it is a FEC packet [or not] and how the protection dependency is mapped by the decoder, then the likely outcome is that the AS, based on RTCP feedback (e.g, packet lost count) will generate more FEC packets to account for “random” packets lost. This goes against the idea of saving bandwidth in the air-interface.  
Assuming NG-RAN is performing active discarding PDUs somehow, this type of active discarding by RAN vs. packet lost during transit network to 5GS will need to be treated differently by the sender/encoder. For packet lost due to bad transit network, sender may send more FEC packets to account for bad path lost scenario. For packet lost due to active discarding by NG-RAN, the sender may reduce the bandwidth load by generating less FEC packets while keeping the same media payload for better QoE.
Condition 1: If RAN performs PDU discarding, RAN is required to indicate the discarded ratio back to AS. The proposal here is to send this information via inband through UPF/N3. Sending this information from RAN to UE’s application via Uu is FFS. This allows the sender to consider the RAN’s feedback signal in real time to make a proper FEC decision.
---
In Rel-18, the use of PDU Set Integrated Handling Information (PSIHI) to make discarding whole PDU set decision is too restrictive because when FEC is used, some PDUs can indeed be discarded as seen in the example above (e., P-frame can be recovered if any 2 of the 3 packets are received). Therefore, it is still beneficial to allow RAN to send some PDUs to UE vs. discarding the whole PDU set during congestion.
Condition 2: Only when during congestion scenario and when PSIHI does not indicate that “all PDUs of the PDU Set are needed for the usage of the PDU Set by the application layer in the receiver side”, RAN may discard some PDUs of that PDU set up to the “max ratio” given by the AS. In this proposal, max discard ratio is given from AS as an extension to PDU set information via inband (N6/N3). The only purpose is to increase the probability that the receiver can still be able to decode the frame with some level of packet of received vs. RAN just throw away the all the PDUs from PDU set. 

6.X.3	Procedures
The Figure 6.x.3-1 shows the procedure for this solution:


Figure 6.2.3-1: Procedures for AF to indicate that it is allowed to discard FEC PDU(s)
The steps of Figure 6.2.3-1 are described as follows:
1.	The AF informs the network that PSIHI is not set to "all PDUs of the PDU Set are needed for the usage of the PDU Set by the application layer in the receiver side". 

2.	Normal PCF initiates the PDU Session modification procedure. SMF generates the QoS profiles and N4 rules based on the PCC rules from PCF. SMF sends the N4 rules to UPF and sends the QoS profiles to the NG-RAN node via AMF.

3.	Max discard ratio is a new addition information to the PDU Set from AS. NG-RAN receives it along with other PDU set information (via GTP-U headers).
	Because of congestion, NG-RAN discarded some PDUs from that PDU sets. NG-RAN takes the max discard ratio into account to perform discarding process. E.g, RAN discards PDU within “max discard” threshold.  
	Next UL payload may be caused by RTCP feedback if nothing else is ongoing.

4.	The discarded ratio is sent back to UPF via GTP-U header in UL data packet or dummy UL packet. 

5.	UPF includes this info in the next UL PDU packet toward the AS via N6.

	UPF needs to correlate the discarded ratio sent from RAN with the UL PDU sent toward the AS. In step 3, UPF includes a local correlation identifier for this PDU set to NG-RAN along with the max discard ratio received from AS. In step 4, NG-RAN includes the same correlation identifier along with the discarded ratio back to UPF. Based on the correlation identifier, UPF knows which AS to send this discarded info to at the next UL PDU transfer. Other mechanism is FFS.

[bookmark: _Toc157745576]6.2.4	Impacts on services, entities and interfaces
AS impacts:
-	Includes the max discard ratio as part of the PDU set information. This ratio is subject to local implementation.

NG-RAN impacts:
-	NG RAN may perform discarding of PDU(s) during congestion based on the PSIHI and taken the max discard ratio received as part of the PDU set information into account. In addition, NG-RAN provides the discarded ratio back to UPF in UL data packet or dummy UL packet.
UPF impacts:
-	The UPF needs to able to correlate the discarded ratio received from NG-RAN with the UL PDU toward the AS. 
Editor’s note: Protocol to be used for including this information at N6 is FFS.

END OF CHANGES
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