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1. Introduction
The following agreements were taken in RAN2#119-e meeting to enable XR awareness in RAN:
· RAN2 should take SA2/SA4 work into account
· RAN2 assumes that PDU Set based parameters and PDU Set related information may be used for better support of XR services. RAN2 can consider both UL and DL directions.
· RAN2 will study PDU Set based parameters and PDU Set related information handling in Network and UE
· RAN2 to adopt the current SA2 definition of PDU Set as an application media unit as working assumption, subjected to further guidance from SA2 and SA4. 
· RAN2 can consider how PDU sets can be mapped to DRBs (FFS if SA2 discussion on PDU set mapping to QoS (sub-)flows impacts this)
This document aims to discuss the RAN2 foreseen impacts/implication depending how the XR traffic of a given stream is mapped with the DRB(s).  
1. Discussion
For SA2 key issues #4 and #5, SA2 is working on a Consolidated Solution #52 “PDU Set based QoS framework”. Some of the identified open items were asked by SA2 to SA4 in their last LS [1] and remaining ones are being discussed over email in preparation for October meeting. SA2 is discussing different options on how UPF may identify PDU set related information. From RAN2 perspective, it is important to understand which PDU set related information may be visible to RAN regardless of the mechanism(s) used to obtain it.
SA2 study of the “PDU set” related information/mechanisms focus on the DL side. However, RAN2 plans to study both DL and UL. In our understanding, RAN2 can assume for the study that similar information/mechanisms may be visible/available at UE in order to also discuss potential UL enhancements. After SA2/RAN2 work is more stable, RAN2 may also check with SA2/CT1/SA4 on whether they have any input on whether any specification impact is foreseen/required by upper layers in order to expose this kind of information to UE side. Another alternative is that it is left up to UE implementation how a UE is aware of this “PDU set” related kind of information.
Observation 1. [bookmark: _Toc115172263][bookmark: _Toc114785562][bookmark: _Toc114954061][bookmark: _Toc115081445][bookmark: _Toc115172264][bookmark: _Toc115358261][bookmark: _Toc115381154][bookmark: _Toc115381223][bookmark: _Toc115387657]SA2 is discussing different mechanisms for UPF to identify DL PDU set related information; however, this does not impact RAN2 work i.e. RAN does not need to be aware of how UPF gets to know DL PDU set related information.
Observation 2. [bookmark: _Toc114785563][bookmark: _Toc114954062][bookmark: _Toc115081446][bookmark: _Toc115172265][bookmark: _Toc115358262][bookmark: _Toc115381155][bookmark: _Toc115381224][bookmark: _Toc115387658]For XR study, SA2 focuses on DL although RAN2 plans to consider both (DL and UL side). RAN2 assumption can be that similar information/mechanism study in DL are also applicable in UL. After RAN2 work is stable, RAN2 can check with SA2/CT1/SA4 on whether any upper layer specification impact is foreseen for this (understanding that how UE is aware of XR related information might also be left up to UE implementation).
On summary, RAN2 can initiate its study efforts under these assumptions before knowing the exact PDU set related information that may be visible or known to RAN and UE AS.
Proposal 1. [bookmark: _Toc114785569][bookmark: _Toc114954070][bookmark: _Toc114958251][bookmark: _Toc115081455][bookmark: _Toc115172274][bookmark: _Toc115358271][bookmark: _Toc115381146][bookmark: _Toc115381233][bookmark: _Toc114219644][bookmark: _Toc114219673][bookmark: _Toc115387649]RAN2 assumes that PDU set related information is visible or known to RAN (at least for DL) and UE AS (at least for UL).
Proposal 1.1. [bookmark: _Toc114785570][bookmark: _Toc114954071][bookmark: _Toc114958252][bookmark: _Toc115081456][bookmark: _Toc115172275][bookmark: _Toc115358272][bookmark: _Toc115381147][bookmark: _Toc115381234][bookmark: _Toc115387650]RAN2 waits for SA2 conclusion on which/how this PDU set related info. is available. 
Proposal 1.2. [bookmark: _Toc114785571][bookmark: _Toc114954072][bookmark: _Toc114958253][bookmark: _Toc115081457][bookmark: _Toc115172276][bookmark: _Toc115358273][bookmark: _Toc115381148][bookmark: _Toc115381235][bookmark: _Toc115387651]RAN2 informs SA2 (CCing CT1 and SA4) that the model of the “PDU set” discussed by SA2 for DL side (e.g. as captured in TR 23.700-60) is assumed also applicable for UL.
SA2 is also considering 3 options on how PDU Set importance information may be delivered to RAN:
Option 1) Different QoS Flows are used for different priority level, i.e. PDU Set importance is mapped to an existing QoS flow priority.
Option 2) One QoS flow is used for different PDU Sets with different priority level
Option 2.a) Different sub-QoS Flow are used within one QoS Flow, i.e. sub-QoS flow Identifier in GTP-U header is used.
Option 2.b) PDU Set importance information is included in the GTP-U header.
SA2 is trying to decide how PDU Sets of different priority/importance is handled and signalled to the RAN in relation to the QoS flows. However, we believe that SA2 has not fully considered the handling within the RAN and the implications. For example, SA2 seems to suggest that this PDU Set priority/importance is used to enable XR data discard functionality. From RAN2 side, this PDU Set priority/importance information may also be used in other mechanism e.g. during scheduling to prioritize or provide different levels of robustness during the data transmission over the radio interface. Moreover this information can also be expected to be applicable for UL XR traffic in terms of scheduling, data discard, etc. that SA2 had not discussed yet. In our understanding, SA2 expects RAN2 to take the lead on UL side if anything is needed.
Observation 3. [bookmark: _Toc114785564][bookmark: _Toc114954063][bookmark: _Toc115081447][bookmark: _Toc115172266][bookmark: _Toc115358263][bookmark: _Toc115381156][bookmark: _Toc115381225][bookmark: _Toc115387659]SA2 is discussing how to handle packets of one XR traffic stream when they have different characteristics or QoS requirements (such as, importance or priority in relation to having I and P frames). SA2 is considering the usage of option 1) different QoS flows based on packet’s priority/importance or option 2) the same QoS flow with priority/importance information included in the GTP-U header (which might be defined as option 2.1) a sub-QoS flow or option 2.2) just a new field of the header).
Observation 4. [bookmark: _Toc114785565][bookmark: _Toc114954064][bookmark: _Toc115081448][bookmark: _Toc115172267][bookmark: _Toc115358264][bookmark: _Toc115381157][bookmark: _Toc115381226][bookmark: _Toc115387660]SA2 discussion on the different options on how PDU Set importance information is delivered to RAN does not seem to fully consider corresponding RAN impact and implications including e.g. potential benefits or restrictions between the proposed options.
Observation 5. [bookmark: _Toc114785566][bookmark: _Toc114954065][bookmark: _Toc115081449][bookmark: _Toc115172268][bookmark: _Toc115358265][bookmark: _Toc115381158][bookmark: _Toc115381227][bookmark: _Toc115387661]The priority/importance information of a PDU set discussed by SA2 could also help RAN and UE in different ways, e.g. during the scheduling, prioritization, discard as well as when providing the most appropriate configuration. 
Proposal 2. [bookmark: _Ref114783894][bookmark: _Toc114785572][bookmark: _Toc114954073][bookmark: _Toc114958254][bookmark: _Toc115081458][bookmark: _Toc115172277][bookmark: _Toc115358274][bookmark: _Toc115381149][bookmark: _Toc115381236][bookmark: _Toc115387652]RAN2 should discuss potential mechanisms to provide differentiated handling of XR packets with different priority/importance. This applies to both UL and DL sides. 
From SA2 discussion on the QoS framework for XR traffic, RAN2 should mainly care that RAN will be able to differentiate PDU Sets of different priority/importance by some means, as discussed in above options 1), 2.a) and 2.b). On this point, some companies seemed to suggest that if different QoS flows are used, this implies that RAN2 should map them to different DRBs, vs if one QoS flow is used, this implies that single DRB is used. In our understanding this does not necessarily have to be the case. These markings simply provide the priority information of the packets. In NR, QoS flow to DRB mapping is decided by RAN and is flexible; further, in Rel-18 for XR, some changes to the existing SDAP/DRB handling will be needed anyway if we support in-sequence delivery of packets with different priorities.  Hence, independent of whether different or same QoS flows are used, RAN2 should discuss whether same or different DRB is preferable from RAN2 point of view on how to achieve the required priority and re-ordering.
Observation 6. [bookmark: _Toc115081450][bookmark: _Toc115172269][bookmark: _Toc115358266][bookmark: _Toc115381159][bookmark: _Toc115381228][bookmark: _Toc115387662]RAN2 can discuss how the packets of different priority/importance are mapped into the DRBs independently from SA2 decision on the QoS flow usage/marking. 
Proposal 3. [bookmark: _Toc114958255][bookmark: _Toc115081459][bookmark: _Toc114785573][bookmark: _Toc114954074][bookmark: _Toc114958256][bookmark: _Toc115081460][bookmark: _Toc115172278][bookmark: _Toc115358275][bookmark: _Toc115381150][bookmark: _Toc115381237][bookmark: _Toc115387653]RAN2 should discuss whether same or different DRBs are preferable to handle packets of different priority/importance and in-sequence delivery requirement. This discussion can be independent on SA2 decision on QoS flow usage/marking for XR. 
Our suggestion is to analyze RAN2 implications and foreseen impacts on both approaches possible to handle PDU Sets of different priority/importance. 
Therefore, firstly it should be discussed whether XR packets need to be delivered in order or not to upper layers. Final decision on this would require input and/or confirmation from SA2/SA4. In current NR operation, packets are normally provided in-sequence to upper layers, and out-of-order delivery can be configured to PDCP if upper layers can handle this (e.g. some protocols can handle the reordering like SCTP). For XR, some companies claimed that some decoder might also be able to handle packets when they are not in order. However, it might be challenging to generalize this i.e. that all XR applications can handle packets out of order. Therefore, our suggestion is to maintain same NR principle that AS should be capable of delivering of packets in-sequence to upper layers. 
Observation 7. [bookmark: _Toc114785567][bookmark: _Toc114954066][bookmark: _Toc115081451][bookmark: _Toc115172270][bookmark: _Toc115358267][bookmark: _Toc115381160][bookmark: _Toc115381229][bookmark: _Toc115387663]It seems challenging to impose that any XR application should be able to handle packets out of order for one XR traffic stream. This would be a potential new requirement on the XR application imposed by this new feature. Therefore, it seems preferable to maintain NR operation that guarantees that packets of one traffic stream are delivered in-sequence to upper layers.
Proposal 4. [bookmark: _Ref114784245][bookmark: _Toc114785574][bookmark: _Toc114954075][bookmark: _Toc114958257][bookmark: _Toc115081461][bookmark: _Toc115172279][bookmark: _Toc115358276][bookmark: _Toc115381151][bookmark: _Toc115381238][bookmark: _Toc115387654]RAN2 assumes that AS should be able to provide the packets of one XR traffic stream that have different priority/importance in sequence to upper layers similarly as NR does for any other kind of traffic stream i.e. NR general principle is maintained.
Proposal 4.1. [bookmark: _Toc114785575][bookmark: _Toc114954076][bookmark: _Toc114958258][bookmark: _Toc115081462][bookmark: _Toc115172280][bookmark: _Toc115358277][bookmark: _Toc115381152][bookmark: _Toc115381239][bookmark: _Toc115387655]RAN2 informs SA2/SA4 of this assumption in case they have different preference/understanding for example, whether it is acceptable to leave the handling of the re-ordering to upper layers (e.g. XR Application).
From RAN side, there are two categories of solutions or approaches which can be pursued or further studied to achieve traffic handling based on the XR characteristics (i.e. in-sequence delivery of packets of different importance/priority) of the data: 
Approach 1)  Single DRB: Packets requiring different QoS/handling based on XR characteristics may be mapped to a single DRB associated with a single PDCP entity and different logical channels (i.e., different RLC bearers).
Approach 2)  Multiple DRBs: Packets of different QoS/handling requirements may be mapped to different DRBs with different PDCP entities. Key open aspect to consider here is reordering of the data received from multiple DRBs.
The table below summarizes above points discussed including  when none or minimal impact is foreseen and  when some level of impact is foreseen.
	Topic
	Option (A) Single DRB
	Option (B) Different DRBs

	1) How to maintain in-sequence delivery of packets 
	  Legacy operation seems sufficient (as packets of different priority are sent in same DRBs)
	  New reordering mechanism might be required across different DRBs
e.g., common sequence number (SN) required across packets of those different DRBs

	2) How the priority/importance info. of the packets is used to provide differentiated handling
	  AS layer needs to differentiate packets of the same DRB that require different priority to provide them with the optimum and differentiated operation e.g. using different logical channels for the same DRB with different priority with additional mechanism to split packets after PDCP to the different logical channels based on the priority requirements
	  Legacy operation seems sufficient (as packets of different priority are sent in different DRBs)



As it can be seen from the table, both single DRB and different DRB solutions cannot directly support both the requirements of in-sequence delivery and different priority for the packets of the same XR traffic stream.
Observation 8. [bookmark: _Toc114954067][bookmark: _Toc115081452][bookmark: _Toc115172271][bookmark: _Toc115358268][bookmark: _Toc115381161][bookmark: _Toc115381230][bookmark: _Toc115387664]Approach (1) of using a single DRB requires the changes to legacy operation in order to allow distinguishing the packets with different priority sent over a single DRB and belong to the same XR traffic stream.
Observation 9. [bookmark: _Toc114954068][bookmark: _Toc115081453][bookmark: _Toc115172272][bookmark: _Toc115358269][bookmark: _Toc115381162][bookmark: _Toc115381231][bookmark: _Toc115387665]Approach (2) of multiple DRBs requires changes to legacy operation in order to provide in-sequence delivery to upper layers, i.e. a reordering mechanism might be required across different DRBs.
Observation 10. [bookmark: _Toc114954069][bookmark: _Toc115081454][bookmark: _Toc115172273][bookmark: _Toc115358270][bookmark: _Toc115381163][bookmark: _Toc115381232][bookmark: _Toc115387666]Both approaches single DRB and multiple DRBs cannot directly support both the requirements of in-sequence delivery and different priority for the packets of the same XR traffic stream. I.e. both approaches require some level of impact/changes in AS layer.
Further solution details for each approach explained in the table are described in companion document [2]. In high level, above table summarize two possible approaches: approach (1) a single DRB and multiple RLC entities and/or different logical channels, or approach (2) multiple DRBs with reordering maintained among the multiple DRBs.
Proposal 5. [bookmark: _Toc114785576][bookmark: _Toc114954077][bookmark: _Toc114958259][bookmark: _Toc115081463][bookmark: _Toc115172281][bookmark: _Toc115358278][bookmark: _Toc115381153][bookmark: _Toc115381240][bookmark: _Toc115387656][bookmark: _Hlk114953467][bookmark: _Hlk114954059]To support in-sequence delivery of the packets with different priority/importance, RAN2 should consider further the following: approach (1) a single DRB and different logical channels to support different priorities for the packets of the same DRB, and approach (2) multiple DRBs with reordering maintained among the multiple DRBs.


[bookmark: _Toc110029212][bookmark: _Toc110029600][bookmark: _Toc110199945][bookmark: _Toc110199972][bookmark: _Toc110257665][bookmark: _Toc110257913][bookmark: Proposal_Pattern_Length]
1. [bookmark: _Toc463058201][bookmark: _Toc463058245][bookmark: _Toc463058202][bookmark: _Toc463058246][bookmark: _Toc463058203][bookmark: _Toc463058247][bookmark: _Toc465992504][bookmark: _Toc465993063][bookmark: _Toc465993086][bookmark: _Toc465993148][bookmark: _Toc465993084]Conclusion
The observations captured are the following:
Observation 1.	SA2 is discussing different mechanisms for UPF to identify DL PDU set related information; however, this does not impact RAN2 work i.e. RAN does not need to be aware of how UPF gets to know DL PDU set related information.
Observation 2.	For XR study, SA2 focuses on DL although RAN2 plans to consider both (DL and UL side). RAN2 assumption can be that similar information/mechanism study in DL are also applicable in UL. After RAN2 work is stable, RAN2 can check with SA2/CT1/SA4 on whether any upper layer specification impact is foreseen for this (understanding that how UE is aware of XR related information might also be left up to UE implementation).
Observation 3.	SA2 is discussing how to handle packets of one XR traffic stream when they have different characteristics or QoS requirements (such as, importance or priority in relation to having I and P frames). SA2 is considering the usage of option 1) different QoS flows based on packet’s priority/importance or option 2) the same QoS flow with priority/importance information included in the GTP-U header (which might be defined as option 2.1) a sub-QoS flow or option 2.2) just a new field of the header).
Observation 4.	SA2 discussion on the different options on how PDU Set importance information is delivered to RAN does not seem to fully consider corresponding RAN impact and implications including e.g. potential benefits or restrictions between the proposed options.
Observation 5.	The priority/importance information of a PDU set discussed by SA2 could also help RAN and UE in different ways, e.g. during the scheduling, prioritization, discard as well as when providing the most appropriate configuration.
Observation 6.	RAN2 can discuss how the packets of different priority/importance are mapped into the DRBs independently from SA2 decision on the QoS flow usage/marking.
Observation 7.	It seems challenging to impose that any XR application should be able to handle packets out of order for one XR traffic stream. This would be a potential new requirement on the XR application imposed by this new feature. Therefore, it seems preferable to maintain NR operation that guarantees that packets of one traffic stream are delivered in-sequence to upper layers.
Observation 8.	Approach (1) of using a single DRB requires the changes to legacy operation in order to allow distinguishing the packets with different priority sent over a single DRB and belong to the same XR traffic stream.
Observation 9.	Approach (2) of multiple DRBs requires changes to legacy operation in order to provide in-sequence delivery to upper layers, i.e. a reordering mechanism might be required across different DRBs.
Observation 10.	Both approaches single DRB and multiple DRBs cannot directly support both the requirements of in-sequence delivery and different priority for the packets of the same XR traffic stream. I.e. both approaches require some level of impact/changes in AS layer.
The proposals captured are the following:
Proposal 1.	RAN2 assumes that PDU set related information is visible or known to RAN (at least for DL) and UE AS (at least for UL).
Proposal 1.1.	RAN2 waits for SA2 conclusion on which/how this PDU set related info. is available.
Proposal 1.2.	RAN2 informs SA2 (CCing CT1 and SA4) that the model of the “PDU set” discussed by SA2 for DL side (e.g. as captured in TR 23.700-60) is assumed also applicable for UL.
Proposal 2.	RAN2 should discuss potential mechanisms to provide differentiated handling of XR packets with different priority/importance. This applies to both UL and DL sides.
Proposal 3.	RAN2 should discuss whether same or different DRBs are preferable to handle packets of different priority/importance and in-sequence delivery requirement. This discussion can be independent on SA2 decision on QoS flow usage/marking for XR.
Proposal 4.	RAN2 assumes that AS should be able to provide the packets of one XR traffic stream that have different priority/importance in sequence to upper layers similarly as NR does for any other kind of traffic stream i.e. NR general principle is maintained.
Proposal 4.1.	RAN2 informs SA2/SA4 of this assumption in case they have different preference/understanding for example, whether it is acceptable to leave the handling of the re-ordering to upper layers (e.g. XR Application).
Proposal 5.	To support in-sequence delivery of the packets with different priority/importance, RAN2 should consider further the following: approach (1) a single DRB and different logical channels to support different priorities for the packets of the same DRB, and approach (2) multiple DRBs with reordering maintained among the multiple DRBs.
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