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1. Introduction

In RAN2#120, the following agreements about differentiated PDU set handling at RAN have been achieved [1]:

	·  N1N excluded

· Splitting DRB into multiple LCH (DC like) FFS.

· Should try to understand why we would need to treat PDU sets differently over the radio and why different PDU sets are mixed over same flows. Also need to understand need for reordering.


Whether to split DRB into multiple LCHs is FFS. In this contribution, we will analyse the necessity of using a split DRB based on the latest SA2’s progress.

Besides, RAN2 has sent an LS [2] to SA4 to enquire whether in-sequence delivery of PDUs is required by upper layers. We will further discuss the in-sequence delivery issue based on SA4’s reply LS [3]. 
2. Discussion
2.1 How DRB is mapped to LCH(s)
A video may contain frames of different importance, e.g. similar to I-frames and P-frames. More important frames can be seen as the frames containing full picture information (as in I-frames) while less important frames may contain information which can be somehow extrapolated by the application layer, e.g. similar to P-frames which are normally dependant on information carried by I-frames. The frames of different significance are both transmitted as PDU sets but with different importance values. Those PDU sets with different importance values may have the same QoS requirement (like PSDB, PSER), and thus share a single QoS flow and further be mapped to a single DRB. As SA2 explained in [S2-2301378], RAN can use the PDU set importance information for PDU set level packet discarding in presence of congestion.
As concluded by SA2 in the FS_XRM study, the PDU Set information ‘PDU Set importance’ may be provided by the UPF to NG-RAN via GTP-U header of user plane packet. It may be used by NG-RAN for PDU Set level packet discarding in presence of congestion.
RAN is capable of detecting the congestion level of air interface in both uplink and downlink directions according to [2], but the UE is not able to do so. Besides, as the above text states, UPF will provide the PDU set importance information to RAN through GTP-U header for DL. Hence, RAN in fact has the knowledge of both congestion level and the PDU set importance for DL, and it can determine which PDU set should be discarded based on the importance information when the congestion occurs.
Observation 1: For DL, how to discard the PDU set based on the PDU set importance information in case of congestion can be left up to network implementation.

Observation 2: For UL, RAN is capable of detecting the congestion level of air interface.

However, for UL, RAN cannot know the PDU set importance information before scheduling. Using different LCHs to serve PDU sets of different importance can help the RAN to know how many important and less important PDUs are waiting to be scheduled by having the buffer status reported for each of these LCHs separately. When the congestion happens, RAN can allocate more resources to those important PDU sets, e.g. using a grant dedicated only to higher priority LCH. 
Observation 3: Splitting DRB into multiple LCH (DC like) is beneficial for uplink PDU set discarding in congestion situation, e.g. by allowing the gNB to issue a scheduling grant dedicated only to higher priority LCH. 

Even though PSER of the packets of different importance carried by a single QoS flow is the same, some form of differentiation over the air interface can be beneficial during congestion situation. For example, if packets of different importance are mapped to different LCHs, for less important PDU sets, the gNB may choose to apply less retransmissions or employ less robust MCS temporarily, to save resources for more important packets. If PDU sets of different importance levels are mapped to the same LCH, it would be difficult to implement such differentiated treatment in congestion situations. 
Observation 4: Splitting DRB into multiple LCHs allows the network to employ differentiated treatment of PDU sets with different importance during the congestion.
For architecture N11/NN1 as captured in [6], PDU sets with different importance values are mapped to a single QoS flow and a single DRB. In order to enable the PDU set discarding based on the PDU set importance information, splitting DRB into multiple LCHs according to the PDU set importance information is a simple and effective way. 
Proposal 1: RAN2 augments the N11/NN1 architecture to support splitting DRB into multiple LCHs based on the PDU set importance information. 

If Proposal 1 is agreed, then the only change required in specifications is to allow routing of packets in PDCP layer to different logical channels based on their PDU set importance value. Other than that, we can fully rely on the existing mechanisms, as mentioned above in Observations 3 and 4, to allow the network to take advantage of proper PDU set differentiation when the congestion occurs.
2.2 PDU set information identification at the UE

Another problem which needs to be further resolved in UL, is how the UE obtains the PDU set information (like the PDU set importance, the information of PDU set & member PDUs, etc.). In DL there are two ways for UPF to get such information [4]: by matching RTP/SRTP header and payload, or by implementation. 
	PSA UPF may identify the PDU Set based on instruction from SMF and packet header of N6 protocols:

-
By matching RTP/SRTP header and payload (RFC 3550/3711/6184/7798/draft-ietf-avtcore-rtp-vvc/draft-ietf-avtext-framemarking/AV1 RTP payload format [68] are supported).

NOTE 1:
In above cases, it is assumed that the RTP/SRTP header and/or payload necessary for the identification of PDU Set Information is not encrypted.
NOTE 2: Support of new RTP header extension for PDU Set identification depends on progress in SA4 5G_RTP WI.

-
By UPF implementation, e.g. PDU Set detection based on traffic characteristics. IP header parameters DSCP/TOS, IP port, IPv6 flow label may be used to detect PDU set, however detailed mechanisms in UPF for PDU Set information identification will not be standardized.


We propose that the same ways are applicable to the UE in UL. 

Proposal 2: For UL, the UE can identify the PDU set information by implementation or by matching RTP/SRTP header and payload (i.e. the techniques used by UPF in DL can be reused).
2.3 In-sequence delivery issue
The in-sequence delivery issue refers to whether the AS should send the PDUs to upper layers in sequence, which has been discussed in [5]. In RAN2#119, the in-sequence delivery issue focused on whether additional re-ordering function should be introduced when multiple-type PDU sets are mapped onto separate DRBs. If AS re-ordering is not required by XR traffic, the additional re-ordering function can be avoided and multiple DRBs are preferred for the different QoS requirements. If AS re-ordering is necessary, mapping PDU sets onto multiple DRBs would incur out-of-order delivery problem. In this case, many additional standardization works are needed in order to introduce an additional reordering function above PDCP layer (like at SDAP layer). However, this problem can be avoided by mapping the multiple types of PDU sets to the same QoS flow and serving the QoS flow with one DRB.  
In RAN2#120, an LS was sent to SA4 to ask whether in-sequence delivery of PDU sets should be provided to upper layers. SA4 has replied [3] that the RTP layer can handle (and potentially exploit) out-of-sequence reception of RTP packets. SA4 prefers that the lower-layers on the receiver side do not enforce in-sequence delivery to the RTP layer for PDU sets received out-of-sequence, if that would happen at the expense of introducing additional delay for packets delivery. 
On the other hand, from SA4’s reply we can observe that in-sequence delivery is beneficial if it does not introduce too much extra delay. If in-sequence delivery is needed in AS layer, PDU sets with different importance values can be mapped to the same QoS flow, and then they will be delivered through the same DRB. In this way, the in-sequence delivery can be simply performed within the receiving PDCP entity already.  
Observation 5: In-sequence delivery can already be ensured by AS layer in case the PDU sets are mapped to the same QoS flow. 

If multiple DRBs and in-sequence delivery were to be supported, additional re-ordering function would have to be added beyond PDCP layer based on the current specification. Remarkable changes would need to be introduced in the current NR protocol. For example, since no SDAP sequence number exists for each PDU, additional marking would be needed to ensure the in-sequence delivery beyond PDCP layer, which is non-trivial modification. What is more, additional delay would be incurred when the packets are received out-of-order in the lower layers. Since the RTP can handle the out-of-order delivery, in-sequence delivery from AS layer to upper layers is not essential in the case that QoS flows are mapped to different DRBs. 
Proposal 3: RAN2 assumes the PDU sets are mapped to the same QoS flow in case in-sequence delivery in AS layer is required.
Proposal 4: In case QoS flows are mapped to different DRBs, in-sequence delivery to upper layers is not supported in RAN2.
3. Conclusion
Observation 1: For DL, how to discard the PDU set based on the PDU set importance information in case of congestion is up to network implementation.

Observation 2: For UL, RAN is capable of detecting the congestion level of air interface.

Observation 3: Splitting DRB into multiple LCH (DC like) is beneficial for uplink PDU set discarding in congestion situation, e.g. by allowing the gNB to issue a scheduling grant dedicated only to higher priority LCH. 
Observation 4: Splitting DRB into multiple LCHs is also beneficial for RAN to enable the PDU set importance-based retransmission strategy.

Observation 5: In-sequence delivery can already be ensured by AS layer in case the PDU sets are mapped to the same QoS flow.
Proposal 1: RAN2 augments the N11/NN1 architecture to support splitting DRB into multiple LCHs based on the PDU set importance information.

Proposal 2: For UL, the UE can identify the PDU set information by implementation or by matching RTP/SRTP header and payload (i.e. the techniques used by UPF in DL can be reused).
Proposal 3: RAN2 assumes the PDU sets are mapped to the same QoS flow in case in-sequence delivery in AS layer is required.
Proposal 4: In case QoS flows are mapped to different DRBs, in-sequence delivery to upper layers is not supported in RAN2.
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