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1 Introduction
In the latest RAN2#119-bis meeting, we discussed on how RAN2 can make use of PDU sets and/or data bursts in UL or DL direction And the following is captured [1]:
	·  From RAN2 viewpoint, the following information would be useful for PDU set handling in UL and DL:

Semi-static information (from CN to RAN): At least PSER and PSDB. 

Dynamic information: At least identifying which PDU belongs to which data burst/PDU set is also needed, including means to determine at least PDU set boundaries.

· Discuss whether to send LS on AS re-ordering once we discuss bearer handling.

· Capture the models 1a/b, 2a/b in TR and indicate what is possible in current specifications and how. FFS how LCH options work in each case
· SDAP maps each data packet in a PDU set to a single PDCP SDU, as in legacy (i.e. each PDU is only mapped to a single SDU).

· HARQ and RLC re-/transmissions for XR traffic are done as in legacy (i.e. they are not based on XR PDU sets). 




In the meanwhile, SA2 has been discussing the PDU Set based QoS framework to support the efficient handling of PDU Set which is captured in the LS (see agreed pCR S2-2209938) [2] as highlighted below:
	8.X.1
Control plane enhancements for supporting PDU Set in downlink

8.x.1.1
PDU Set QoS Parameters

PDU Set QoS treatment is determined using dynamic or non-dynamic PCC.

The following PDU Set QoS parameters are defined to support PDU Set handling:

-  PDU Set Error Rate: The PSER defines an upper bound for the ratio between the number of PDU Sets not successfully received and the total number of PDU Sets sent towards a recipient measured over a measurement window. 
Editor’s Note: the criteria for determining whether a PDU Set is successfully delivered or not are FFS 

-  PDU Set Delay Budget
Editor’s Note: The definitions of PSER and PSDB are FFS. For PSDB, it needs further study the impact due to N6 jitter.
-  Whether all PDUs are needed for the usage of PDU Set by application layer (PDU Set Integrated Indication).
Editor’s Note: It is FFS “Whether a PDU Set is still valid in case PSDB is exceeded” is needed. It should be discussed together with the definition of PSDB, specially about the boundary of PSDB.
If PDU Set based QoS handling is used, PCF determines the above PDU Set QoS Parameters based on information provided by AF (described in 8.X.2) and/or local configuration. The PDU Set QoS parameters are sent to SMF as part of PCC rule, then SMF sends them to RAN.

8.X.2
User plane enhancements for supporting PDU Set in downlink

8.X.2.1 PDU Set Information

The following PDU Set related information may be identified by UPF to support PDU Set based handling:

-  PDU Set Identifier

NOTE:
Neighbor PDU Sets in sequence will use different PDU Set identifiers.

-  Optional, Start PDU and End PDU of the PDU Set

-  PDU SN within a PDU Set

-  Optional, PDU Set Size

NOTE:
Either PDU Set Size expressed in bytes or PDU Set Size expressed as number of PDUs, needs further determined.

NOTE:
Either one among Start/End PDU of the PDU Set and Number of PDUs within a PDU Set needs to be supported.

-
PDU Set Importance

Editor’s Note: Which above PDU Set information parameters is optional is FFS.
8.X.2.3 Delivering PDU Set Information to RAN

PDU Set Information (listed in 8.X.2.1) are informed by UPF to RAN via GTP-U header of user plane packet.

Editor’s Note: Whether PDU Set importance is used for mapping different QoS Flows, sub-QoS Flows, or included in GTP-U header is FFS. (Potential SoH)
8.X.3 PDU Set based QoS handling

RAN performs PDU Set based QoS handling based on received PDU Set QoS Parameters via control plane, and PDU Set Information received via user plane. The details of RAN behaviours are defined in RAN WG.


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 pCR S2-2209938 on how to deliver PDU Set importance information to RAN, there are some candidate options. Since SA2 have not reached any agreements yet on the above options, we can only discuss the possible impacts they may have on RAN2. 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 Draft [3]. 
	-
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. 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. However, if we consider that the intervals between frames are usually bigger than the PDB requirement then the possibility of disordering between sequent frames should be very low considering the big interval comparing to the PDB. In the meanwhile, if 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. We can further confirm this with SA2/SA4.
Moreover, we noticed that TS 22.261[4] documents a synchronization threshold which is defined as the maximum tolerable temporal separation of the two flows which can assist RAN’s scheduling such that these flows belonging to the same XR application of single UE will be coordinated in delivery and ensured flow synchronization.

Table 6.43.1-1: Typical synchronization thresholds for immersive multi-modality VR applications [4]
	Media components
	synchronization threshold (note 1)

	audio-tactile
	audio delay:

50 ms
	tactile delay:

25 ms

	visual-tactile
	visual delay:

15 ms
	tactile delay:

50 ms

	NOTE 1:  for each media component, “delay” refers to the case where that media component is delayed compared to the other.


Observation 1: If different QoS Flows with different priority level is used then the current QoS model can be reused, option111 has the least impacts on the RAN.

However, if SA2 decides to use one single QoS flow for different PDU Set with different priority level (no matter whether sub-QoS flow is introduced or not), then N11 or N1N can be considered. In both cases, since a QoS flow is no longer the finest level of QoS differentiation, the handling of priorities need to be considered in RAN. 
In current NR network, SDAP layer maps QoS flows to DRBs based on the QFI, so PDU sets with different importance can be served via SDAP by mapping to different DRB. But for a single QoS flow, a DRB is the basic RAN entity associated with a QoS flows, i.e., we cannot be splitting the packets of a QoS flow among two DRB within a single cell group. Considering the impact to SDAP, N1N can be considered to be deprioritized. Also, for N1N, the upper layers is expected to deal with the disorder which face the same problem as option111. 

Observation 2: If PDU sets with different priority level is served via SDAP by mapping to different DRB, the upper layers is expected to deal with the AS re-ordering. OptionN1N can be excluded considering the huge impact to SDAP.

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. An example is a RLC entity will provide more reliability to critical/high-priority packets (e.g. use more retransmission times for I frames or configure PDCP duplication for a certain RLC entity for I frames)
Observation 3: If PDU sets with different priority level is served via PDCP by associating to different RLC entities, the re-ordering of PDCP layer can be reused. N11 with LCHs can be further studied.
For NN1, even multiplexing of QoS flows in one DRB in the RAN is already possible. If AS in-order delivery among PDU Sets is required, then this option can still be considered. Similar as N11, 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 multiplexed in a single DRB. And it can be considered after N11. As this requires to confirm with SA2/SA4 whether XR had such new requirement on AS in-order delivery, it can be put to low priority.
Observation 4: If AS in-order delivery is required for multiple QoS flows, NN1 with LCHs can be further studied based on SA2/SA4 input.
Proposal 1
RAN2 waits for the SA2 progress on how to deliver PDU Set importance information to RAN and then continues RAN2 study of the differentiated PDU set handling accordingly.
· 111, N11 : high priority;
· NN1: low priority;
· N1N: can be excluded;
Proposal 2    In order to enable differentiated PDU set handling within one QoS Flow at RAN, PDU sets with different importance can be served via PDCP by associating to different RLC entities.
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.
According to what’s captured in pCR S2-2209938, SA2 has agreed on informing PDU Set QoS Parameters via control plane, as well as PDU Set Information via user plane to RAN. Obviously, the new PDU Set QoS Parameters (e.g., PSDB, PSER) via control plane can be applied for handling the transmissions of UL/DL PDU sets in gNB since gNB is responsible for UL/DL scheduling. An example is PSDB can be used to configure UE PDCP discard timer for UL transmission. Another example is PDU Set Integrated Indication can be used to configure UE PDCP to discard packets for PDU set handling. Thus, RAN2 need to support awareness of the new PDU Set QoS Parameters (e.g., PSDB, PSER) in RAN (UE or gNB). And the signalling details for UU as well as the impact on RAN3 can be further studied until some issues (e.g., PDCP discarding, LCH enhancement) are resolved.

Proposal 3   RAN2 need to support awareness of the new PDU Set QoS Parameters (e.g., PSDB, PSER) in RAN (UE or gNB).
3 Conclusions

Based on the discussion, our proposals are provided as follows: 
Observation 1: If different QoS Flows with different priority level is used then the current QoS model can be reused, option111 has the least impacts on the RAN.

Observation 2: If PDU sets with different priority level is served via SDAP by mapping to different DRB, the upper layers is expected to deal with the AS re-ordering. OptionN1N can be excluded considering the huge impact to SDAP.

Observation 3: If PDU sets with different priority level is served via PDCP by associating to different RLC entities, the re-ordering of PDCP layer can be reused. N11 with LCHs can be further studied.
Observation 4: If AS in-order delivery is required for multiple QoS flows, NN1 with LCHs can be further studied based on SA2/SA4 input.
Proposal 1
RAN2 waits for the SA2 progress on how to deliver PDU Set importance information to RAN and then continues RAN2 study of the differentiated PDU set handling accordingly.
· 111, N11 : high priority;
· NN1: low priority;
· N1N: can be excluded;

Proposal 2    In order to enable differentiated PDU set handling within one QoS Flow at RAN, PDU sets with different importance can be served via PDCP by associating to different RLC entities.
Proposal 3   RAN2 need to support awareness of the new PDU Set QoS Parameters (e.g., PSDB, PSER) in RAN (UE or gNB).
4 References
[1] RAN2 119-bis meeting minutes

[2] R2-2211041
LS on XR and Media Services (S2-2209979; contact: vivo)
SA2
LS in
Rel-18
FS_XRM
[3] TR 38.835 Draft

[4] TS 22.261
R2-2211584

1/6


_1726055363.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



