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1. Introduction
In the LS from SA2 to RAN2 and SA4 [1], some questions regarding the feasibility to enable the gNB to discard some redundancy packets when application layer front error coding (AL-FEC) are raised from SA2. We think this may be considered as a potential solution to relieve the downlink congestions. In the following, our views are shared based on the related technical discussions and the draft answer to the LS from SA2 from RAN2 perpective.  
2. Discussion
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[bookmark: _Ref166082447]Figure 1 Illustration of AL-FEC packets transmission path
For the PDU set transmitted from the application server to a UE, there is long transmission path (Figure 1). When AL-FEC coding is applied, one PDU set is encoded to more packets than the required number of coded packets at the application server, and these AL-FEC encoded packets are sent to the UE, and when enough AL-FEC encoded packets have been received by the UE, the UE recovers the PDU set. By means of AL-FEC coding, certain redundancy level can be achieved for the PDU set to be transmitted from the application server to the UE. In case some AL-FEC encoded packets for one PDU set are lost at the receiver side and the ratio of the lost packets does not exceed the redundancy level of AL-FEC coding, the receiver can still fully recover the PDU set. As illustrated in Figure 1, the PDU set transmitted from the application server to the UE experiences the transmissions in public network, from UPF to CU, from CU to DU, and from DU to the UE over the NR Uu interface. The AL-FEC coding can be expected to conquer occasional packet loss from the application server to the UE.
Observation 1 [bookmark: _Toc166254603]AL-FEC codec in the application server for one DL PDU set is used to conquer the occasional packet loss in the whole transmission path of the PDU set.
In most cases the transport network is in good condition, there is no or only very few AL-FEC encoded packets may be lost in the path from the application server to gNB-DU. Therefore, typically there is still high redundancy level when the AL-FEC encoded packets of one PDU set arrive the gNB-DU. Certain redundancy level is still meaningful to conquer the packet loss due to radio channel uncertainties in NR Uu interface. However, if there is congestion in DL, still keep high redundancy level can degrade the XR capacity. 
For instance. in case of DL congestion, after all AL-FEC encoded packets of one PDU set of high redundancy level has been transmitted to the UE, there may be no enough resource to complete the transmit the necessary number of AL-FEC encoded packets for recovery of the next PDU set and the UE would be unable to recover the next PDU set. If the gNB can know the redundancy level of one PDU set, gNB can determine the number of AL-FEC encoded packets that can be discarded for one PDU set. By doing so, the gNB can have more resources to transmit the next PDU set without clearly degrading the reliability of the preceding PDU set.
Observation 2 [bookmark: _Toc166254604]When the AL-FEC packets of one PDU set already reaches the gNB-DU, high redundancy level for one PDU set may be not necessary as there is only one hop left, especially when there is radio resource shortage (i.e. congestion).
Proposal 1 [bookmark: _Toc164948412][bookmark: _Toc166075351][bookmark: _Toc166254598]Support conditional redundancy packet discarding by gNB for AL-FEC encoded DL PDU set.
Proposal 2 [bookmark: _Toc166254599]The gNB is allowed to perform judicious AL-FEC encoded packet discard per PDU set basis in case of DL congestion.
According the typical video codec of H.264 standard based on Group of Picture (GoP) encoding, the frames sizes varies in a large range. For instance, the P-frame size could be only 1/3 or even lower of the I-frame size, while the B-frame size could be 1/3 or even lower of the P-frame size. In accordance with the frame burst size, the AL-FEC codec parameters may be probably adapted in order to match the IP packet size (1500byte). Hence the realistic assumption should be that per PDU set redundancy level indication can be indicated from CN to RAN. It is expected that the redundancy level indication can be sent in association with the first PDU of one PDU set so that the gNB can determine the AL-FEC encoded packet discarding before the AL-FEC encoded packets already deliver to MAC layer for transmission over the air. 
Proposal 3 [bookmark: _Toc166254600]When packet discard for a PDU set is determined, the gNB should perform the redundant AL-FEC encoded packet discard for this PDU set according to the corresponding redundancy level indication from CN to RAN, FFS on the definition of redundancy level.
According the above discussion, it is reasonable to support per PDU set redundancy level indication from CN to RAN. Even if it finally turns out that one unified redundancy level can be feasible in some cases, one can still send the same redundancy level indication per PDU set since the overhead by doing this is very minor thanks to that the total size of the redundancy level parameters should be neglectable compared to the PDU set size for any XR PDU set. 
Proposal 4 [bookmark: _Toc166254601]RAN2 assume per PDU set redundancy level indication is sent from CN to RAN.
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Proposal 5 [bookmark: _Toc166254602]RAN2 to discuss the draft reply LS in Annex.

3. Conclusion
In this contribution, we have discussed the AL-FEC coding for XR services and potential solutions from RAN side. We have the following observations:
Observation 1	AL-FEC codec in the application server for one DL PDU set is used to conquer the occasional packet loss in the whole transmission path of the PDU set.
Observation 2	When the AL-FEC packets of one PDU set already reaches the gNB-DU, high redundancy level for one PDU set may be not necessary as there is only one hop left, especially when there is radio resource shortage (i.e. congestion).
Based on the above discussions and the observations, we have the following proposals:
Proposal 1	Support conditional redundancy packet discarding by gNB for AL-FEC encoded DL PDU set.
Proposal 2	The gNB is allowed to perform judicious AL-FEC encoded packet discard per PDU set basis in case of DL congestion.
Proposal 3	When packet discard for a PDU set is determined, the gNB should perform the redundant AL-FEC encoded packet discard for this PDU set according to the corresponding redundancy level indication from CN to RAN, FFS on the definition of redundancy level.
Proposal 4	RAN2 assume per PDU set redundancy level indication is sent from CN to RAN.
Proposal 5	RAN2 to discuss the draft reply LS in Annex.
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1. Overall Description:
RAN2 thanks SA2 for the LS on Application-Layer FEC Awareness at RAN in [R2-2404138/S2-2405604]. RAN2 has discuss questions in the LS, and concluded the following responses [To be updated based on the discussion conclusion]: 
	Questions for RAN2:
· Can NG-RAN determine whether a PDU was successfully delivered over an unacknowledged mode data bearer? If so, does NG-RAN get this information sufficiently early to decide whether or not to drop subsequent AL-FEC packets?


RAN2 response: Even though a PDU set is transmitted to UE over an unacknowledged mode data bearer, the gNB can still determine whether the PDU set is successfully transmitted according to the HARQ feedback from the UE. As the HARQ feedback is the generated and transmitted by MAC layer immediately after the data decoding the physical layer, it should be even early enough for the gNB to determine whether to drop the subsequent AL-FEC packets.

	Questions for RAN2:
· Provide feedback on the impact on NG-RAN to support dynamic redundancy ratios, i.e., a different ratio of PDUs that need to be successfully transferred to the UE for different PDU Sets within the same QoS flow?


RAN2 response: RAN2 regards per PDU set redundancy ratio indication (i.e. dynamic redundancy ratio indication) is needed considering that PDU sets of different importance may have different redundancy ratios and that the PDU sets of different sizes may also have different redundancy ratios. With per PDU set redundancy ratio indication for each PDU set from CN, it is feasible for the gNB to determine the maximum number of packets that can be discarded for each PDU set respectively.

	Questions for RAN2 and SA4:
· One solution (solution #3 in TR 23.700-70) proposed that an application may signal the required content ratio for a PDU Set (i.e., the required ratio of PDUs of a PDU Set needed by the receiver to reconstruct the original content) by first providing a mapping between content ratio levels and PDU Set Importance (PSI) values in the control plane to 5GS and by then using the PSI in the GTP-U header and the mapping received to determine the content ratio per PDU Set at NG-RAN. Does SA4 consider this a feasible option?


RAN2 response: This is up to SA4. RAN2 can discuss the feasibility from RAN2 perspective once SA4 confirms that a mapping between content ratio levels and PDU Set Importance (PSI) values is feasible.

2. Actions:
To SA WG 2:
RAN2 kindly request SA2 to take the above information into account during the following work, and provide feedback, if any.
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