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[bookmark: _Toc462478989]Abstract of the contribution: by having a set of principles agreeable by SA2 as the solutions going forward, S2 can narrow down the questionaries to SA4/RANx.
1	Discussion
Purpose of this paper is to narrow the scope for the questions to be asked from SA4/RANx by having a set of principles agreeable by SA2 as the solutions going forward. The responses from the LS (to be sent) will either confirm or revise SA2 conclusion when the LS replies are received back from SA4/RANx.
Back to some basic with FEC: 
1. 	FEC consumes more bandwidth. 
2. 	When media payload is protected with FEC, some PDUs can be corrupted or lost while in transit, and the receiver can still recover the payload to render its output.
3.  	TR 26.926 (section 5.7.4) described two types of FEC:
- AL-FEC (like RaptorQ) that the FEC is added to a source block that then generates packets of basically equal size (see Sol#1). The amount of FEC added to protect the payload is semi-static, typical in the range of 30% according to Sol#1.
- Flex-FEC (see sol#21) where source packet and FEC packet are separated. The amount of FEC packets applied per payload is not semi-static, i.e, dynamic. 
Sol#1 suggested that if RAN aware of AL-FEC ratio then this information can be used by RAN to optimize the radio interface usage (e.g, rob Peter to pay Paul) by delivering up to certain % of packets and then use the rest of the bandwidth for something else. This seems to be viable with this type of AL-FEC implementation. 
For Flex-FEC, the placement of FEC packet is decided by the encoder so every packet drop (by RAN) increases the chance of discarding both the FEC packet and its related payload packets. Hence, RAN should not perform active discarding (e.g, rob Peter to pay Paul). However, during congestion, instead of RAN dropping the whole PDU set, RAN should use this information to transmit the desired amount of PDUs to UE as this increase the chance of decoding (vs. dropping the whole PDU set).
Observation 1: With FEC protected payload, there is some optimization RAN can do with this information. For AL-FEC, bandwidth saving (eg, rob Peter to pay Paul) seems to be possible. For Flex-FEC, instead of dropping the whole PDU set during congestion, RAN should consider delivering the amount of PDUs suggested that will give a higher chance of success for receiver to decode.
Observation 2: With FEC protected payload, PSIHI is always false because the current definition of PSIHI is:
The PDU Set Integrated Handling Information (PSIHI) indicates whether all PDUs of the PDU Set are needed for the usage of the PDU Set by the application layer in the receiver side.
When PSIHI is false, the enhancement for R19 is to give a “FEC awareness” information to RAN so that RAN may use this information for RRM. The basis for this information is to be proposed as follow:
1.	Sol#1 indicates that for AL-FEC, AF can provide this ratio (A) to RAN via NEF. This ratio (A) is semi-static from AF. 
2. 	Sol#21 option2, indicates that for Flex-FEC, AS can provide this ratio (B) via user-plane to RAN as part of the PDU set information. This ratio (B) is dynamic meaning that each PDU set can carry a different number.
Solution principle #1: When PSIHI is set to false, a ratio factor can be given to RAN for RRM consideration. Instead of dropping the whole PDU set during congestion, RRM may consider delivering the least amount of PDU given by this ratio (for Flex FEC usage). For AL-FEC, RAN may use this information to perform (e.g, rob Peter to pay Paul) scenario. This ratio factor and FEC usage can be provided by AF via NEF (for AL-FEC), or over GTP-U header from UPF via information received from AS over N6. This ratio applies to PDU set level.
When using Flex-FEC, the encoder constantly performs bandwidth estimation based on RTCP feedback (e.g., delay and packet lost count) to determine how much of the available bandwidth should be used for FEC packets vs. payload packets. Therefore, any active PDU discarding by RAN will negatively affecting this bandwidth estimation algorithm used by the encoder. 
Sol#1 included a proposal that 5GS needs to inform AF that RAN supports this discarding feature so that application [server] can refrain from increasing the rate of AL-FEC information.
Similarly for Flex-FEC scheme, some feedback mechanism is required so that the application server can refrain from generating more FEC packets to payload ratio because the encoder has no idea that packet lost are due to RAN active discarding.
Solution principle #2: If RAN performs PDU discarding due to FEC awareness, some feedback mechanism back to AS/AF is required.
Other considerations:
1. 	The use of FEC is meant to protect the payloads from some path loss scenario. If there is no path loss observed, the encoder can generate less FEC packets and use higher codec rate for the bandwidth.  This applies especially to Flex FEC encoding scheme.
2. 	If RAN wants to use the bandwidth more efficiently by discarding “obsolete” PDUs then a better solution is for RAN to give the desire bandwidth rate to the sender so sender can do rate limiting instead (via network exposure - KI#9).
2	Proposal
It is proposed to adopt the following changes into TR 23.700-70.
[bookmark: _Toc510607461]		* * * * 1st Change – all new texts * * * *
[bookmark: _Toc161291461][bookmark: _Toc157507098][bookmark: _Toc101342123]8	Conclusions
For KI#1 related to FEC awareness at RAN, the following solution principles are used for normative phase:
1. 	When PSIHI is set to false, a ratio factor can be given to RAN for RRM consideration. Instead of dropping the whole PDU set during congestion, RRM may consider delivering the least amount of PDU given by this ratio (for Flex FEC). For AL-FEC, RAN may use this information to perform (e.g, rob Peter to pay Paul) scenario. This ratio factor and “usage type” can be provided by AF via NEF (for AL-FEC), or over GTP-U header from UPF via information received from AS over N6. This ratio applies to PDU set level.
	-	Use solution #1 and Sol#21 option2 as the basis for normative phase.
2.	If RAN performs PDU discarding due to FEC awareness, some feedback mechanism back to AS/AF is required.
Editor’s note: Feedback from SA4/RANx may change this conclusion.
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