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1. Introduction
[bookmark: _Hlk54163088]RAN2#119 has discussed the XR-awareness in RAN and reached the following agreement in [1]:
	· 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. 
· XR awareness discussion in RAN2 should consider PDU set characteristics and how to use the information available on those (for UL and/or DL). Can also consider how to handle data bursts.
· RAN2 can study e.g. periodicity, arrival time, jitter and frame-size variations for XR awareness to enable power savings and capacity enhancements. Can study also how often such parameters change (i.e. how dynamic they are).
· 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)


In this contribution we further discuss the XR-awareness parameters to use in RAN. 
2. [bookmark: Proposal_Beacon]Discussion
In [2], some solutions on PDU set level QoS parameters (e.g., PDU Set delay budget and PDU Set error rate) from application server to 5GS are under discussion to better support the PDU set transmission handling. This is particularly needed considering that individual IP packets within an XR PDU set are dependent on each other and must be all received within the expected PDB to be of any use by the end user application. The implication of PDU set concept is that IP packets should no longer be treated independently in the RAN. The concept of a PDU-Set enables cell capacity increase and the power saving improvement. In an example NG-RAN may take a decision not to deliver any PDU of a given PDU-Set when NG-RAN can assess that not all PDUs constituting that PDU set are feasible to be delivered within a required time and further indicate UE enter the DRX inactive mode.
Observation 1: The implication of PDU set concept is that IP packets should no longer be treated independently in the RAN.
One of the key issues respectively the objective of the SI is, what information should be provided to the 5GS regarding PDU Set for integrated packet handling and differentiating handling for the capacity enhancement and power saving enhancement, and how such information should be provided. We distinguish between XR-awareness information for each DL and UL QoS flow changes at second level and dynamic PDU set information which changes at millisecond level or per PDU set in Table 1. The former is provided by control plane and the later is expected to be provided by the user plane. 
Table 1. summary of XR awareness information in RAN
	 Information changing at second level
	Information changing at millisecond level or per PDU set

	PDU Set Delay Budget [air interface]
	PDU Set identification

	PDU set arrival period and start time
	number of PDU in a PDU set/last PDU indication in a PDU set

	PDU set arrival jitter
	PDU Set bit Size at least for UL

	PDU set discarding allowed indication
	PDU Set delay information at least for UL

	Maximum tolerable delay difference for group of associated flows/bearer
	PDU set importance

	PDU set correlation information (e.g., GOP size)
	PDU set correlation information (e.g., GOP identification)


Note: for simplicity, a PDU set is assumed as a video frame. The definition may be finally decided by SA2.
Starting with the CP related PDU set information provided by control plane (e.g., SMF), which is deemed to be helpful for RAN, we see the following:
· PDU Set Delay Budget (PSDB) [air interface]:
PSDB defines an upper bound for the time that the first PDU of a PDU set may be delayed between the UE and the N6 termination point at the UPF. PSDB applies to a DL PDU set received by the UPF and to the UL PDU set sent by the UE. All IP packets belonging to a PDU set need to be received within the PDSB to satisfy the end user. The latency requirement for a whole PDU set is information that can be useful. The PSDB information on the air interface can be utilized by the scheduler to prioritize different users and different application data for a given user based on the PDB. In general, having PSDB information allows the scheduler for efficient radio resource management for capacity improvement, e.g., by scheduling a PDU set within PSDB over air interface as possible or by early dropping of a PDU that exceeds the delay deadline. It also helps with UE power saving, e.g., by reducing retransmission or by early dropping of a PDU that exceeds the delay deadline. 
· PDU set arrival period and start time of the first PDU of a PDU set:
The packet arrival rate is determined by the frame generation rate, e.g., 60FPS. If RAN is aware of the arrival periodicity and the first PDU of a PDU set, it is beneficial to config the C-DRX pattern to match with the traffic periodicity and allocate configured grant occasion to match uplink transmission. In R16, the TSCAI IE per QoS flow including periodicity and burst arrival time was introduced in N2 interface for efficient scheduling transmission. However, the periodicity value only supports integer number. In case of 60 FPS, the exact arrival periodicity is still not clear. RAN2 can discuss whether the additional periodicity value is needed, e.g., 1000/60 ms. 
· PDU set arrival jitter range
For DL VR, the varying frame encoding delay and network transfer time introduces random jitter in packet arrival time at RAN from XR application server, which is around its mean period (typically ±4 ms). Without considering the possible DL jitter range of a PDU set in advance, the configured DRX pattern may not match the traffic transmission. For example, if traffic arrives after the end of DRX on-duration NW will keep UE awake to monitor PDCCH or delay the transmission to the next DRX cycle. If RAN is aware of the possible jitter range of a PDU set, it is beneficial to configure DRX pattern to cover the jitter range as possible to automatically adapt the arrival jitter. RAN2 can further discuss power saving enhancement based on the jitter range awareness in power saving enhancement.
For the UL AR, the jitter is only caused by the varying frame encoding delay. Although it is less than DL jitter range, if RAN is aware of the possible jitter range of a PDU set, it is beneficial to configure a suitable CG pattern to match the BSR/data transmission.
· Early discarding PDU set allowed indication
Such information is beneficial for capacity improvements and also for reducing PDCCH monitoring. As already mentioned before, according to SA4 LS on QoS support with PDU Set granularity in [6], in some implementation at XR application all PDUs in a PDU Set (PS) are handled by the application layer as whole. In this case, if some PDUs of a PDU Set from UPF are missing, i.e not correctly received, the remaining PDUs of the PDU set should be discarded since they are not of any use. Similar observation can be drawn for cases when the PSDB is exceeded for PDUs of a PDU set, i.e. PDUs of a PDU set which have exceeded the PSDB should be discarded. XR applications impose requirements in terms of Media Units (PDU sets), rather than in terms of single packets/PDUs. Assuming RAN/scheduler is aware of such packet dependencies, the already scheduled packets that their reception might not be useful can be discarded leading to power saving and capacity improvements. Similarly, Packets within a frame have dependency with each other since the application needs all of these packets for decoding the frame. Hence one packet loss will make other correlative packets useless even they are successfully transmitted. 
· Maximum tolerable delay difference for group of associated flows/bearer (e.g. flow for Video and haptic):
Emerging use cases such as AR/VR and holographic communications encompass multiple simultaneous traffic flows where the arrival of packets must be synchronized. For multi-modal services like tactile/haptic communications, this includes different types of streams, e.g., corresponding to different human senses. Incorporating the five senses in the XR experience necessitates more stringent end-to-end latency, jitter, and synchronization. Such services have even more stringent requirements on the wireless network since holographic flows require very tight synchronization of the five senses. Therefore, when designing NR enhancements to support extended reality (XR) applications, it is important to consider multimodal interaction techniques, which employ several human senses simultaneously. Multimodal interaction can transform how people communicate remotely, practice for tasks, entertain themselves, process information visualizations, and make decisions based on the provided information. For XR applications transmitted via a mobile communication system like NR the interactions between different input signals can be translated to some inter-dependencies between transmissions of different flows. SA2 is discussing (key issue #1,2) solutions which allow to efficiently support multi-modal XR applications. The concept of associated flows, e.g. flows carrying Video and haptic signals of an XR application, has been proposed. These associated flows are inter-dependent and need to be handled together. Further in order to allow some coordinated transmission for associated flows to ensure synchronized delivery some, it is under discussion whether some maximum tolerable delay difference for a group of associated flows should be introduced. We think that such information, if introduced, would be also necessary and beneficial for RAN in order to a satisfy the strict QoS requirements for multi-modal XR traffic, e.g. SMF should provide information to RAN on associated flows/bearers and maximum tolerable delay difference for a group of associated flows/bearers.
· PDU set dependency information (e.g., GOP size, correlated to previous PDU set)
The coding between inter-frames is dependent in a GOP. For example, P-frame is dependent to previous frame which may be P-frame or I-frame. If a frame transmission fails the subsequent P-frames are not useful at application layer, thus they should be discarded for resource saving and transmission power. Therefore, if the PDU set correlation information is aware in advance by RAN, it is beneficial for determine the correlation between PDU sets for the smart discarding including DL and UL.
Proposal 1: The NG-RAN receives PDU set related information for each QoS flow in DL and UL from SMF including PDU set delay budget [air interface], PDU set arrival period and start time of the first PDU of a PDU set, PDU set arrival jitter range, Early discarding PDU set allowed indication, Maximum tolerable delay difference for group of associated flows/bearer, PDU set dependency information (e.g., GOP size, correlated to previous PDU set).
Regarding the information provided by user plane by the UPF per PDU set, for an example the PDU set may be a video frame, we see the following:  
· PDU set identification /PDU set bit size/number of PDU/last PDU indication of a PDU set:
To support the PDU set scheduling within PSDB, RAN should identify the boundary of a PDU set. Due to jitter and the variable bit size of PDU set, it may be challenging to identify the boundaries of a PDU set without PDU set information. The PDU set information of a PDU set may be kind of PDU set identification, which is along with each PDU of the PDU set in the GTP-U header. If RAN is aware of the PDU set bit size/number of PDU/last PDU indication of a PDU set on top of the PDU set identification from the UPF, it is helpful to timely determine all PDUs of a PDU set were received from UPF. After successfully transmitting the PDU set to UE, NW can timely indicate UE enter C-DRX inactive mode to save power. RAN2 can further discuss under the power saving enhancement Agenda Item whether to include last PDU of a PDU set indication in L2 header to UE in order to allow for some power enhancements, e.g., UE going autonomously to DRX based on last PDU indication.
· PDU set importance
Based on the description in TR 26.926, the IP packets for the XR traffic have importance parameter, generally the I-frame has higher importance. The importance parameter is beneficial to differentiate QoS handling for I-frame and P-frame in RAN. Currently, the I-frame and P-frame is in same QoS flow, whether mapping to different QoS flow is under discussion in SA2. If I-frame and P-frame is mapped to the same QoS flow, the PDU set importance along with each PDU of the PDU set in the GTP-U extension header is beneficial for differential QoS handling. Even within a single frame, it is also possible that one PDU has higher importance than other PDUs.
· PDU set dependency information (e.g., GOP identification)
In addition to the above analysed PDU set dependency information (e.g., GOP size, correlated to previous PDU set), considering the potential out of order transmission, maybe the GOP identification is also needed to identify which PDU set belongs to one GOP. If I-frame and P-frame is mapped to the same QoS flow, the GOP identification along with PDU in the GTP-U extension header is beneficial for determine the correlation between PDU sets.
Proposal 2: The NG-RAN receives PDU set information per PDU set by user plane from UPF including PDU set identification and PDU set bit size/number of PDU of a PDU set/last PDU indication of a PDU set, PDU set importance, PDU set dependency information (e.g., GOP identification).
In the following we discuss XR-awareness and what information provided by user plane from UE to RAN would be helpful for XR-specific traffic handling.
· PDU Set Buffer Size (PSBS):
The uplink data volume for the AR traffic is of large size and variable, and there is arrival jitter from the upper layer due to the variable coding delay depending on PDU set size. Therefore, dynamic scheduling based on BSR might be more efficient compared to only CG transmissions. To support efficient scheduling of PDU sets in the uplink, it might be beneficial to provide the buffer status per PDU set in order to allow scheduling a complete PDU set. RAN2 can further discuss the current BSR procedure whether to support the buffer status per PDU set in the capacity enhancements agenda item. 
· [bookmark: _Hlk110614968]PDU Set delay information:
The varying AR frame encoding delay about 3ms may introduce packet arrival jitter at AS layer from upper layer. Different from DL arrival data from UPF, RAN have no idea of the actual arrival time at PDCP layer. If RAN does not know the delay information, it is difficult to schedule based on delay awareness especially in case of less CG occasions configured does not match the UL transmission. In this case, it might be beneficial to provide the buffer delay information per PDU set in order to schedule based on delay awareness.
· [bookmark: _Hlk110616471]PDU set identification
[bookmark: _Hlk114234856]The PDU Set identification along with PDU is helpful to determine a PDU set is received unsuccessfully on top of buffer size of a PDU set and then notify UE the transmission failure of a PDU set in case of DRB configured with RLC UM mode, so that UE can discard the PDU set correlated to the PDU set. RAN2 can further discuss correlation PDU discarding in the capacity enhancement.
· PDU set dependency information (e.g., GOP identification)
Similar as the above analysed for DL, maybe the GOP identification is also needed to identify which PDU set belongs to one GOP.
· PDU set importance
As analyzed for the DL, it is beneficial to be aware of the important level information of a PDU set for differential QoS handling. If a XR traffic flow with different importance level is mapped to the same LCH/DRB, it is beneficial to be aware of the high importance data in the UE UL buffer to guarantee the scheduling priority for the XR traffic with high importance level.
The PDU set identification and PDU set dependency information should be per packet information that can be carried in L2 header e.g. PDCP header, while the other information as PDU Set Buffer Size, PDU set delay information are real time information that may vary frequently and should be provided by MAC CE.
Proposal 3: The NG-RAN receives PDU set information per PDU set by user plane from UE including PDU set buffer size, PDU set buffer delay, PDU set importance, PDU set identification, PDU set dependency information (e.g., GOP identification).
Based on the description in TR 26.926, the IP packets for the XR traffic have importance parameter, which is assigned relative importance information (higher number means higher importance). Generally, I-frame is higher importance than P-frame, it’d better have different LCP handling at UE and scheduling handling at NW based on the importance level. Currently, the I-frame and P-frames are in same QoS flow. If both I-frame and P-frame are mapped to the same QoS flow, to support the different QoS handling based on the importance, RAN2 should discuss how to avoid the XR traffic with different importance level mapped to the same DRB in SDAP layer. SA2 is discussing how to deliver PDU Set importance information to RAN:
-	Option 1: use different QoS Flows with different priority level. PDU Set importance is mapped to existing QoS flow priority.
-	Option 2: use one QoS flow for different PDU Set with different priority level
-	Option 2.1: use different sub-QoS Flow within one QoS Flow, and using sub-QoS flow Identifier in GTP-U header
-	Option 2.2: use PDU Set importance information in GTP-U header
For option 1, legacy LCP and QoS flow to DRB mapping handling can be reused, and no RAN impact is foreseen. In this option, for example, I-frame and P-frame is on separate QoS flow, how to efficiently discard the frame according to the frame dependency on multi-QoS flow may be further considered in this QoS architecture.
For option 2, RAN2 can discuss the mechanisms to allow the SDAP to route the data within a single QoS flow to different DRBs according to PDU set importance. Another solution would be for example to reuse the split bearer principle, where a single DRB is associated with multiple RLC entities/bearers. PDCP layer supports the routing of packets of the DRB to the different multiple RLC entities. The routing to the different RLC entities could be done based on the importance of a PDU/SDU.
Proposal 4: RAN2 should discuss SDAP/PDCP routing function enhancements for mapping PDU sets with different importance to the different DRB depending on SA2 progress of QoS flow schemes.
In the following we discuss XR-awareness information provided between RAN nodes in case of DC, CU-DU split and handover case.
· Handover and dual connectivity
During handover procedure, the PDU set QoS parameter and characteristics may need to be transmitted from source gNB to target gNB. There is a case that only a part of the PDUs of a PDU set has been successfully transmitted in the source gNB, while the other PDUs of the PDU set will be forwarded and transmitted by the target gNB. In this case, it is beneficial to be aware of the remaining 5G PSDB for transmitting the remaining PDUs of the PDU set for more accurate QoS management and scheduling for target gNB. The PDU set information may be also needed for the forwarding data.
For dual connectivity, the similar information as handover may also needed between MN and SN.
· CU-DU split
When receiving QoS flow from UPF, the CU performs QoS flow to DRB mapping. After the mapping, the CU may need to provide the PDU set QoS parameter and characteristics of the DRB to the DU via control plane signaling and PDU set information of the DRB to DU via GTP-U extension header since the DU is responsible for the scheduling. For UL, the gNB-DU may also need to forward some PDU set information to CU e.g. to help PDCP re-ordering function in CU.
Proposal 5: The PDU set QoS parameter and characteristics and PDU set information may also need to be transmitted between source gNB and target gNB, MN and SN, or CU and DU.
SA2 is discussing another concept as ‘data burst’. Data burst is a set of multiple PDUs generated and sent by the application in a short period of time and a Data Burst can be composed by one or multiple PDU Sets. If RAN is aware of the data burst bit size/ last PDU indication of a data burst, it is helpful to timely determine all PDUs of a data burst were received from UPF. After successfully transmitting the PDU set to UE, NW can timely indicate UE enter C-DRX inactive mode to save power. RAN2 can further discuss under the power saving enhancement Agenda Item whether to include last PDU of a data burst in L2 header to UE in order to allow for some power enhancements, e.g., UE going autonomously to DRX based on last PDU indication. Whether UPF can identify the data burst size and last PDU indication of a data burst is pending to SA4. 
Proposal 6: RAN awareness of data burst size and last PDU indication of a data burst is useful for power saving.
3. Conclusion
In this contribution, we discuss XR-awareness. According to above observations, we have the following proposals:
Observation 1: The implication of PDU set concept is that IP packets should no longer be treated independently in the RAN.
Proposal 1: The NG-RAN receives PDU set related information for each QoS flow in DL and UL from SMF including PDU set delay budget [air interface], PDU set arrival period and start time of the first PDU of a PDU set, PDU set arrival jitter range, Early discarding PDU set allowed indication, Maximum tolerable delay difference for group of associated flows/bearer, PDU set dependency information (e.g., GOP size, correlated to previous PDU set).
Proposal 2: The NG-RAN receives PDU set information per PDU set by user plane from UPF including PDU set identification and PDU set bit size/number of PDU of a PDU set/last PDU indication of a PDU set, PDU set importance, PDU set dependency information (e.g., GOP identification).
Proposal 3: The NG-RAN receives PDU set information per PDU set by user plane from UE including PDU set buffer size, PDU set buffer delay, PDU set importance, PDU set identification, PDU set dependency information (e.g., GOP identification).
Proposal 4: RAN2 should discuss SDAP/PDCP routing function enhancements for mapping PDU sets with different importance to the different DRB depending on SA2 progress of QoS flow schemes.
Proposal 5: The PDU set QoS parameter and characteristics and PDU set information may also need to be transmitted between source gNB and target gNB, MN and SN, or CU and DU.
Proposal 6: RAN awareness of data burst size and last PDU indication of a data burst is useful for power saving.
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