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1 Introduction
In the latest RAN2#120 meeting, we try to understand the alternatives on how the mapping of PDU sets onto QoS flows is done in the NAS and how QoS flows are mapped onto DRBs in the RAN for PDU set handling and splitting DRB into multiple LCH is candidate solutions as captured in the following[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 muxed over same flows. Also need to understand need for reordering.
· Send LS to SA2/SA4 (Nokia)


In the meanwhile, SA2 has been replied RAN2’s LS to SA2 on PDU Set Handling and confirmed that different types of PDU set can be mapped into the same QoS flow if their PDU set QoS parameters (except PDU Set importance) are the same which is captured in the LS [2] as highlighted below:
	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.
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.
SA2 defined a new QoS parameter PDU Set Error Rate (PSER) and kindly asks RAN2 to provide feedback on this new QoS parameter in relation to its intended purpose i.e. appropriate link layer protocol configurations.

The PDU Set Error Rate (PSER) defines an upper bound for the rate of PDU Sets that have been processed by the sender of a link layer protocol (e.g. RLC in RAN of a 3GPP access) but that are not successfully delivered by the corresponding receiver to the upper layer (e.g. PDCP in RAN of a 3GPP access). Thus, the PSER defines an upper bound for a rate of non-congestion related packet losses. The purpose of the PSER is to allow for appropriate link layer protocol configurations (e.g. RLC and HARQ in RAN of a 3GPP access).


In this contribution, we provide some general views on how PDU sets can be mapped to DRBs and how the LCH configuration works to support with PDU Set granularity in RAN.
2 Discussion
According to the SA2 progress as captured in [2] that different types of PDU set can be mapped into the same QoS flow if their PDU set QoS parameters (except PDU Set importance) and PDU Set importance can be used by NG-RAN for PDU Set level packet discarding in presence of congestion. Depending on how the mapping of PDU sets onto QoS flows is done in the NAS and how QoS flows are mapped onto DRBs in the RAN, RAN2 has distinguished some alternatives as captured in TR 38.835 [3]. Note that N1N is excluded.
	-
111: one-to-one mapping between types of PDU sets and QoS flows in the NAS and one-to-one mapping between QoS flows and DRBs in the RAN. From a RAN structure viewpoint, this alternative is already possible and requires as many DRBs as types of PDU sets. Providing different QoS for the types of PDU sets is already possible.

-
NN1: one-to-one mapping between types of PDU sets and QoS flows in the NAS and possible multiplexing of QoS flows in one DRB in the RAN. From a RAN structure viewpoint, this alternative is already possible but gives each QoS flows multiplexed in a DRB the same QoS. Providing different QoS for the types of PDU sets (i.e. QoS flows) multiplexed in a single DRB is currently not possible.

-
N11: possible multiplexing of types of PDU sets in one QoS flow in the NAS and one-to-one mapping between QoS flows and DRBs in the RAN. From a RAN structure viewpoint, this alternative is already possible but gives each QoS flows multiplexed in a DRB the same QoS. Providing different QoS for the types of PDU sets multiplexed in a single QoS flow/DRB is currently not possible.

-
N1N: possible multiplexing of types of PDU sets in one QoS flow in the NAS and demultiplexing of PDU sets from one QoS flow on multiple DRBs in the RAN. From a RAN structure viewpoint, demultiplexing of PDU sets from one QoS flow onto multiple DRBs is currently not possible.


Obviously, option111 keeps the advantage of reusing the current QoS model that the QoS flow is the finest level of QoS differentiation and is very straightforward. If different types of PDU set with different types of PDU set QoS parameters are mapped into different QoS flow, option111 works well. One main concern on option 111 is the potential packet dis-ordering caused by different QoS flows if we consider in-order delivery of packets with dependencies between PDU Sets. Since SA2 has not replied yet whether in-sequence delivery of PDU sets should be provided by AS to upper layers, we can wait for SA2’s more input. If SA2 confirms that the application layer protocols like RTP will be able to deal with the disorder if it happens, it seems the AS re-ordering is not needed for XR traffic PDUs. Then option111 can be reused and has the least impacts on the RAN.
Observation 1: If different types of PDU set are mapped into different QoS flows then the current QoS model can be reused, option111 has the least impacts on the RAN.

However, if SA2 decides in some cases in-sequence delivery of PDU sets of different QoS flows should be provided by AS to upper layers, then NN1 which multiplexing of QoS flows in one DRB in the RAN which is already supported can be used. However, since a QoS flow is no longer the finest level of QoS differentiation, providing different QoS for the types of PDU sets (i.e. QoS flows) multiplexed in a single DRB need to be further considered in RAN. Similar as N11 described below, for NN1, PDCP with different RLC entities associated with different logical channels can also be used for different QoS for the types of PDU sets (i.e. QoS flows) multiplexed in a single DRB.
Observation 2: If AS in-order delivery is required for multiple QoS flows, NN1 with multiple LCHs can be further studied based on SA2/SA4 input.
For N11, since all PDUs within the same QoS flow should be mapped to the same DRB as in legacy, PDU sets with different priority level is served via PDCP by mapping to different RLC entities associated with different logical channels. Then PDCP will be in charge of the re-ordering as currently for split bearers. Note that in legacy, to associate different RLC entities to support separate treatments for packets of one UE has already been support. So N11 can be considered with tiny enhancement. Since currently PDCP only submit the resulting PDCP Data PDU(s) to lower layer for PDCP duplication or split bears, we will need a new way of submit the resulting PDCP Data PDU(s) to lower layer by PDU Sets properties as show below.
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Figure 1 Lay2 structure for QoS mapping for XR services
Thus differentiated QoS treatment of PDU Sets based on their properties and dependencies, e.g., PDU Set importance, will be achieved by different RLC entities which can provide different treatment for PDU sets with different priority level, e.g., logical channel priorities. The current LCP mechanism can ensure the transmission of more important PDU set if PDU sets with different importance are associated with different LCHs with different priority. An example is in the case of congestion, when QoS requirements cannot be fulfilled within one QoS flow, the packets of higher PDU Set importance with a higher logical channel priority level will be prioritised over packet sets of lower PDU Set importance with a lower logical channel priority. This is also aligned with SA2’s intention that PDU Set importance will be used as PDU Set level packet treatment in presence of congestion.
Observation 3: N11 with multiple LCHs can be used for differentiated QoS treatment of PDU Sets based on their properties and dependencies.
Based on O2 and O3, When demultiplexing of different types of PDU sets is configured for a radio bearer by RRC, at least 2 RLC entities are added to the radio bearer to handle the differentiation of PDU sets as depicted below where the logical channel corresponding to the primary RLC entity is referred to as the primary logical channel for PDCP Control PDU as well as for one type of PDU sets, and the logical channel corresponding to the secondary RLC entity(ies), the secondary logical channel(s) are for other types of PDU sets. Demultiplexing at PDCP therefore consists in submitting the different types of PDU sets to different activated RLC entity for the radio bearer. With multiple independent transmission paths, different types of PDU can be treat differently to meet application layer requirement. Whether all RLC entities should have the same RLC mode and the PBR setting for the LCHs can be left for FFS.

Obviously, when submitting a PDCP PDU to lower layer, the transmitting PDCP entity shall route different types of PDU sets to the corresponding secondary RLC entity(ies) which is different from the current spec and the data volume calculation will also be impacted for PDCP.
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Figure 2 PDCP packet demultiplexing
Proposal 1    RAN2 is to study associating different RLC entities to PDCP for differentiated PDU set handling within one QoS Flow (or cross Qos Flows) for a DRB.
For downlink traffic flows where PDU Set detection/identification takes place in the UPF, it is assumed UPF marks the PDU Set related information on GTP-U extension header (e.g., PDU Set sequence number, PDU set start/end marker…) from which RAN can obtains it. The similar procedure should be also considered for UL where PDU Set detection/identification takes place in the upper layer and informs PDCP in UE.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 
Observation 1: If different types of PDU set are mapped into different QoS flows then the current QoS model can be reused, option111 has the least impacts on the RAN.

Observation 2: If AS in-order delivery is required for multiple QoS flows, NN1 with multiple LCHs can be further studied based on SA2/SA4 input.
Observation 3: N11 with multiple LCHs can be used for differentiated QoS treatment of PDU Sets based on their properties and dependencies.
Proposal 1    RAN2 is to study associating different RLC entities to PDCP for differentiated PDU set handling within one QoS Flow (or cross Qos Flows) for a DRB.
4 References
[1] RAN2 119-bis meeting minutes

[2] S2-2301378
Reply LS on PDU Set Handling
[3] TR 38.835 Draft

R2-2300425

1/6


_1737868296.vsd
Text


Segm. ARQ


Multiplexing UE1


Segm. ARQ


...


HARQ


HARQ


Multiplexing UEn


HARQ


CCx


Scheduling / Priority Handling


Logical Channels


Transport Channels


MAC


RLC


Segm. ARQ


Segm. ARQ


PDCP


ROHC


ROHC


ROHC


ROHC


Radio Bearers


Security


Security


Security


Security


...


CC1


RLC Channels


SDAP


QoS flow
handling


QoS flow
handling


QoS Flows


HARQ


CC1


CCy


...


...


Split


Segm. ARQ


I frame


P frame



PDCP
RLC
primary
RLC
secondary1
Primary LCH
Secondary LCH1
RLC
secondary2
Secondary LCH2



