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In 5G NR, QoS is enforced at the QoS flow level. NAS level packet filters in the UE and in the 5GC associate the UL packets and the DL packets with QoS flows, respectively. AS level mapping rules in the UE and in the gNB associate UL and DL QoS flows with DRBs, respectively. Below the SDAP sublayer, once PDUs have entered the same PDCP entity, there is no further differentiation among them in the handling.
In this contribution, we discuss a need for treating the different types of PDU Set of the same QoS flow differently over the air interface and the potential solutions, some of which may have impact on RAN2 specification.
Discussions 
SA2’s conclusion on mapping different types of PDU Set and on PSER
In their reply LS [1], SA2 has indicated that:
· 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.  
· 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.
In a 23.501 CR agreed by SA2 [2], PSER is defined as the following:
“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).
NOTE1:	In this release, a PDU Set is considered as successfully delivered only when all PDUs of a PDU Set are delivered successfully.”
A need for targeting the lower layer performance at different PERs to achieve a same target PSER uniformly among different types of PDU Set 
One of the XR traffic characteristics that have been identified is that the number of PDUs constituting a PDU Set in an XR video stream is variable from PDU Set to PDU Set, not only due to the graphic content in the video frames that they carry, but more significantly also due to whether inter-frame compression and motion compensation have been used in encoding the data of individual video frames. Inter-frame compression and motion compensation can remove significant amount of temporal redundancy between the video data of adjacent video frames. Hence, a video frame encoded with inter-frame compression and motion compensation, such as a P frame, usually has a much smaller size than a video frame encoded without, such as an I frame. Given the high video resolution needed for XR applications, it is almost for sure that all XR video frames have a size well exceeding the payload size of a single PDU during the transport. Therefore, a small size XR video frame usually results in a PDU Set with a smaller number of PDUs and a large size XR video frame usually results in a PDU Set with a larger number of PDUs, with a significant difference in the PDU Set size (in number of PDUs) existing between frames that use inter-frame compression and motion compensation (e.g., the P frames) and frames that don’t (e.g., the I frames). 
If different types of PDU Set of an XR PDU session have been mapped onto the same QoS flow by the NAS level packet filtering and all PDUs mapped onto the DRB configured for the QoS flow continue to be handled in the same way as today during their transmissions, the PSER may not be achieved uniformly between the PDU Sets carrying frames that use inter-frame compression and motion compensation and the PDU Sets carrying frames that don’t. For example, assuming that a single RLC bearer is configured for a DRB supporting the transport of PDU Sets and the RLC bearer operates at a target PER of 10^-3, and on average, an I frame of 4k video results in 80 IP packets and a P frame of the same 4k video results in 20 IP packets, and there is one I frame for every 59 P frames (e.g., when the video codec generates the video frames at 60 FPS with one I frame for each second), the probability for a PDU Set carrying an I frame to be lost in the transmission is equal to (1-(1-10^-3)^80) ~= 7.7%, and the probability for a PDU Set carrying a P frame to be lost in the transmission is equal to (1-(1-10^-3)^20) ~= 2.0%, while the overall probability for losing a PDU Set in the transmission is equal to (7.7% + 2%*59)/60 ~= 2.1%. 
From the overall probability, the error performance in the above example seems OK if the target PSER for the QoS flow is 3%. However, the achievable PSER among the PDU Sets carrying the I frame has well exceeded that target PSER (i.e., 7.7% >> 3%). Although, the target PSER has been met overall, it has not been met uniformly. More specifically, it has not been met for a category of PDU Sets, which tend to be more critical (than the other PDU Sets) at the application layer, because they (e.g., the I frames) are needed by the other PDU Sets for the video reconstruction. For example, in the above example, when an I frame is lost in the transmission, all 59 subsequent P frames may become unusable at the application layer even if they have all been successfully delivered to the recipient. Therefore, the user perceived probability of seeing a video frame in error is (7.7%*60 + 2%*59)/60 ~= 9.7% (we assume that all P frames depends on only the preceding I frame; otherwise, the probability can be even higher), which is much higher than the overall probability of 2.1%, as computed earlier for the Uu interface.
Observation 1. Without treating different types of PDU Set of the same QoS flow differently over the air interface, PSER may not be achieved uniformly among the different types of PDU Set of the same QoS flow.
Observation 2. The type(s) of PDU Set that are associated with a higher achievable PSER tend to be dependent upon by other types of PDU Set and hence are more critical at the application layer.
If this issue remains unaddressed, PSER may become a performance metrics that is less correlated with the user perceived quality of the communication link.
Proposal 1. RAN2 study the issue of a target PSER not being achieved uniformly among different types of PDU Set of the same QoS flow of XR video and identify a solution for it. 
Proposed solutions and potential impact to RAN2 specifications
One way to ensure that the same target PSER can be met uniformly among different types of PDU Set is to map the different types of PDU Set of the same XR PDU session onto different QoS flows by the NAS level packet filtering, even if they share the same target PSER. Then, each of these QoS flows are mapped on a unique DRB in RAN and these different DRBs are configured with different target PERs so that the same target PSER can be met uniformly among the different types of PDU Set by using the different DRBs. This approach is consistent with the mapping model “111”, as described in TR 38.835 [3]. In our companion contribution [4] submitted to the same meeting, we extend this mapping model to further include the DRB-to-LCH mapping. We refer the extended mapping model as model “1111” and we think mapping model “1111” can be supported by RAN today. The different target PERs are configured in different corresponding QoS profiles/QoS rules. Therefore, there is no signaling impact to the CN. However, the SMF still needs to compute the different target PERs to achieve the same target PSER uniformly, e.g., based on a knowledge of the different average PDU Set sizes of different types of PDU Set. The SMF can obtain such knowledge from the AF through the PCF, assuming the AF has that knowledge.
In the situations where different types of PDU Set of the same XR PDU session are mapped onto the same QoS flow by the NAS level packet filtering, there can be two options in the AS, namely options 1 and 2, as described below.
In option 1, as the SDAP entity mapping all PDUs of the QoS flow to the same DRB, the transmitting PDCP entity configured for the DRB further maps the different types of PDU Set (e.g., inferred from the PDU Set Importance) onto different underlying RLC bearers/LCHs associated with, by using the enhanced routing function (for splitting data) in the transmitting PDCP entity. These underlying RLC bearers are configured with different target PERs so that the same target PSER can be met uniformly among the different types of PDU Set by using different RLC bearers. The different target PERs may be determined by the SMF and conveyed to RAN as sub-QoS profiles/rules. This approach is consistent with the mapping model “N11”, as described in [3], and can be further extended as mapping model “N11N” by adding the splitting of one DRB into multiple RLC bearers/LCHs, which is also described in our companion contribution [4]. There may be impact to RAN2 specification related to splitting data (e.g., new splitting criteria and behaviors) among RLC bearers. 
In option 2, as the SDAP entity maps all PDUs of the QoS flow to the same DRB, the transmitting PDCP entity performs PDCP duplication for PDUs of certain type(s) of PDU Set (e.g., inferred from the PDU Set Importance) by using multiple underlying RLC bearers/LCHs associated with, while not performing PDCP duplication for PDUs of other types. The selective (e.g., type-dependent) use of PDCP duplication can help to ensure that the target PSER can be met without spending extra bandwidth on those PDU Sets that don’t need the duplication to meet the target PSER. This approach is also consistent with the mapping model “N11” and the extended model “N11N” as described in [4]. However, there should be impact to RAN2 specification related to PDCP duplication, as the PDCP duplication would be done in a selective way.
Proposal 2. RAN2 consider the above proposed solutions for meeting the target PSER uniformly among different types of PDU Set of the same QoS flow of XR video. 
RAN2 has previously decided to rule out mapping model “N1N”. Hence, it is not further considered here.

[bookmark: _Ref129681832]Conclusions
Observation 1. Without treating different types of PDU Set of the same QoS flow differently over the air interface, PSER may not be achieved uniformly among the different types of PDU Set of the same QoS flow.
Observation 2. The type(s) of PDU Set that are associated with a higher achievable PSER tend to be dependent upon by other types of PDU Set and hence are more critical at the application layer.
The followings are proposed:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1. RAN2 study the issue of a target PSER not being achieved uniformly among different types of PDU Set of the same QoS flow of XR video and identify a solution for it.
Proposal 2. RAN2 consider the above proposed solutions for meeting the target PSER uniformly among different types of PDU Set of the same QoS flow of XR video. 
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