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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#119bis-e, four models of PDU set mapping onto QoS flows/DRBs were agreed to be further studied, and captured in the TR [1]. Some further down-scoping was achieved in RAN2#120, followed by a final progress in SA2#154 Ad Hoc e-meeting, captured in their reply LS on PDU set handling [2]. This contribution summarizes the status on PDU set mapping onto QoS flows/DRBs after RAN2#120 meeting and SA2#154 Ad Hoc e-meeting, and discusses, for the remaining model, how the DRBs are mapped to RLC entities. We also discuss the PDU re-ordering requirement and associated RAN impacts after SA4 LS reply on this issue.
Discussion
L2 structure
The four PDU Set mapping options and associated L2 structures are captured in [1], as follows:
[image: ]
[bookmark: _Ref127196393]                                                       Figure 1: Mapping Alternatives
Before going into the down-scoping task, we note that SA2 mainly focused on the mapping of PDU Sets onto QoS flows and their associated new QoS parameters in the DL direction, leaving it to RAN to discuss the associated UL requirements. In [3] we propose to support the same set of parameters for UL QoS flows and PDU Sets. Similarly for the L2 structure, we suggest clarifying beforehand that, whatever L2 structure ends-up being selected for serving XR QoS flows, it applies equally to UL and DL QoS flows.
Proposal 1: As in legacy, the same L2 structure applies equally to UL and DL XR QoS flows.
Then, in their reply LS [2] on PDU set handling, SA2 addressed the RAN2 questions as follows:
	Q1: In order to decide how PDU sets could be mapped in radio protocols, RAN2 is wondering if different PDU sets could have different characteristics (for instance importance, PSER, and/or PSDB) and if so, which characteristics can be different and with which granularity (e.g. QoS flow, individual PDU Sets…)
SA2 Answer:  Based on the conclusion from the FS_XRM study (See TR 23.700-60), SA2 agreed to define new 5G QoS parameters for PDU Set concept. The PDU Set comprises of one or more PDUs for which the following PDU Set QoS parameters are applicable: 
-        PDU Set Delay Budget (PSDB)
-        PDU Set Error Rate (PSER)
-        PDU Set Integrated handling Indication (PSIHI)
SA2 also agrees to define PDU Set importance that is conveyed on per-PDU Set basis.  All the PDU Sets within one QoS flow should apply the same PSER, PSDB and PSIHI.  The PDU Set importance of the different PDU Sets within one QoS flow can be different.  
Q2: RAN2 would also like to know whether different types of PDU set can be mapped to the same QoS flow and if so whether RAN should have the ability to treat those differently over the air interface.  If RAN should have such an ability, RAN2 would like to know based on what information signalled to the gNB this would be based on.
SA2 Answer: 
SA2 has agreed that 1) Different types of PDU set can be mapped into the same QoS flow if their PDU set QoS parameters (and other QoS characteristics, e.g. 5QI, ARP) are the same. One QoS flow is associated with one PSER and one PSDB at any time. 2) Different PDU sets within one QoS flow can be associated with different ‘PDU Set importance’ information.


Essentially, the PDU set parameters remain unchanged (except PSII is renamed PSIHI), but SA2 progressed on the PDU set handling in defining the necessary conditions for multiplexing different PDU set types onto the same QoS flow: they must have the same PSDB, PSER and PSIHI, but can have a different PDU Set “importance”, where some guidance on this latter parameter is given in the SA2 TR [7]  as: This parameter is used to identify the importance of a PDU Set within a QoS flow. RAN may use it for PDU Set level packet discarding in presence of congestion. We also note that the SA2 answer is generic in the sense that such PDU Sets in a QoS flow could be from the same or different XR streams, as long as they have the same QoS parameters.
Observation 1: Similar to the legacy QFI parameters, the new PDU Set parameters PSDB, PSER, PSIHI are defined at QoS flow level, while the importance parameter remains at PDU Set level.
Observation 2: PDU Sets of different importance from the same (or different) DL XR traffic stream can be mapped onto the same QoS flow.
Moreover, the LS reply focuses on the mapping of different PDU Set types onto the same QoS flow, but does not mention the possibility to map different PDU set types of the same DL XR traffic stream onto different QoS flows. Nor any agreed CR on TSs 23.501 [5] or 23.502 [6] does mention such possibility in any sense, although this would be a clear departure from the legacy CN mapping rules. Therefore we think this possibility can be considered ruled out from RAN perspective and we propose focusing only on the mapping option discussed in the SA2 LS reply. Moreover, considering the  RAN2 agreement in RAN2#120 that splitting PDUs of a QoS flow across multiple DRBs is excluded, this means RAN can focus on how to treat PDU sets of different importance in the same DRB, i.e. alternative N11 of Figure 1.
Proposal 2: From mapping perspective, RAN2 focuses on how to treat PDU Sets of different importance in the same DRB, i.e. alternative N11.
Now, considering adding RLC entities (and LCH), we have two alternatives:
· Alternative N111: one-to-one mapping between DRB and LCH (RLC entity), as in legacy
· Alternative N11N: one-to-many mapping between DRB and LCH (RLC entity)  


Figure-2 Sub-branches of Alternative N11
· Alternative N11N
For alternative N11N where PDU Sets of different importance from the same QoS flow end-up being mapped onto different RLC entities, it is unclear how (if possible) is determined the PBR associated with each logical channel. Indeed, PDU Sets of different importance are expected to reflect different frame types e.g. I/P/B frames. And if the aggregated video traffic stream does have both GFBR and MFBR derived from the frame rate, it is tricky/impossible to estimate the fraction of the bit rate to attribute to each frame type considering these are inserted quasi-randomly by modern video codecs expected to be used in XR applications ([4] SA4 response to Q5). Moreover, configuring the PBR of each logical channel to infinity is a possibility, but this would not reflect the actual GFBR of the QoS flow, and would be unfair to other traffics.  
Observation 3: For alternative N11N, RAN2 must address the issue that the PBR of each logical channel is tricky – if possible at all – to determine.  
Note SA2 had to solve the very same issue for defining both GFBR and MFBR associated with each QoS flow with the option where different PDU set types are mapped to different QoS flows (alternatives 111/NN1) which contributed to abandoning these mapping options.
· Alternative N111
For alternative N111, PDU Sets with different importance are mapped onto the same RLC entity. This alternative makes further sense after SA2 reply LS on PDU set handling [2][3] clarifying that 1) Different types of PDU set can be mapped into the same QoS flow if their PDU set QoS parameters (and other QoS characteristics, e.g. 5QI, ARP) are the same. One QoS flow is associated with one PSER and one PSDB at any time. 2) Different PDU sets within one QoS flow can be associated with different ‘PDU Set importance’ information.
It results that, since the different PDU Set types have the same 5QI, PSER, PSDB and PSIHI QoS requirements, they can be served by the same logical channel, and associated LCP parameters (e.g. CG mapping restrictions). As for the only differentiating parameter, the “importance” value, we suggest addressing it via selectively discarding PDU Sets of different importance (PDCP PDU Set discarding is anyway a RAN2-agreed PDCP enhancement in support of PDU Sets) along with some LCH prioritization enhancement in LCP, both along the lines of the SA2 guidance from [7], see above. We further discuss these aspects in detail in [8][9] .
Finally, considering that alternative N111 keeps the legacy L2 structure unchanged, we have a strong preference for it.
Proposal 3: Alternative N111 is selected as L2 structure for serving XR QoS flows, i.e. no change on the legacy L2 structure.
Re-ordering issue
It should be noted that keeping the L2 structure unchanged as proposed by proposal 1, leaves the flexibility to serve XR PDUs in-sequence or out-of-order, by simply configuring the legacy PDCP parameter outOfOrderDelivery [10].
In their Reply LS on PDU Set handling [11], SA4 replies the following on the in-sequence delivery requirement:
	In-sequence delivery is preferred but not at the expense of introducing delay in delivery of packets to the RTP layer (i.e. latency that might be caused by the lower layers at the receiver side having to buffer and re-order packets before delivery to the RTP layer). Some codecs can take advantage of packets being delivered as soon as they are received at the lower layers (even if out-of-order). The SRTP/RTP receiver can perform re-ordering if needed.


We understand this answer as a rather typical SA4 answer in that some codecs prefer in-sequence delivery and some codecs prefer not, where in the latter case SA4 relies on the RTP protocol to re-order the IP packets. Moreover, SA2 only captures RTP/SRTP so far as assumed protocol in both the TR and TS23.502, but this should be taken as a starting point only, considering other protocols are also used for XR traffic e.g. DASH. As a result, it is proposed:
Proposal 4: RAN supports both cases where in-sequence delivery is/is not required for PDUs of a QoS flow / DRB, as in legacy.
Proposal 5: CN informs RAN when in-sequence delivery is NOT required for a given DL flow, as part e.g. of TSCAI. It is an optional parameter. If absent, RAN should assume in-sequence delivery within a DL QoS flow is required, by default, as legacy.
Proposal 6: Similarly, UE informs RAN when in-sequence delivery is NOT required for a given UL QoS flow, as part e.g. of UAI. Similarly it is an optional parameter. If absent, RAN should assume in-sequence delivery within an UL QoS flow is required, by default, as legacy.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: As in legacy, the same L2 structure applies equally to UL and DL XR QoS flows.
Observation 1: Similar to the legacy QFI parameters, the new PDU Set parameters PSDB, PSER, PSIHI are defined at QoS flow level, while the importance parameter remains at PDU Set level.
Observation 2: PDU Sets of different importance from the same (or different) DL XR traffic stream can be mapped onto the same QoS flow.
Proposal 2: From mapping perspective, RAN2 focuses on how to treat PDU Sets of different importance in the same DRB, i.e. alternative N11.
Observation 3: For alternative N11N, RAN2 must address the issue that the PBR of each logical channel is tricky – if possible at all – to determine.  
Proposal 3: Alternative N111 is selected as L2 structure for serving XR QoS flows, i.e. no change on the legacy L2 structure.
Proposal 4: RAN supports both cases where in-sequence delivery is/is not required for PDUs of a QoS flow / DRB, as in legacy.
Proposal 5: CN informs RAN when in-sequence delivery is NOT required for a given DL flow, as part e.g. of TSCAI. It is an optional parameter. If absent, RAN should assume in-sequence delivery within a DL QoS flow is required, by default, as legacy.
Proposal 6: Similarly, UE informs RAN when in-sequence delivery is NOT required for a given UL QoS flow, as part e.g. of UAI. Similarly it is an optional parameter. If absent, RAN should assume in-sequence delivery within an UL QoS flow is required, by default, as legacy.
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