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1 Introduction
In RAN #94e, a continuing SI on XR enhancements for NR in Rel-18 was approved with the following objectives [1] and some related possible enhancement schemes were proposed and evaluated in TR 38.838 [2]: 

	The study is to be based on Release 17 TR 38.838, on corresponding Release 17 work from SA4 (as per SP-210043) and on Release 18 work from SA2 (as per SP-211166). 
Objectives on XR-awareness in RAN (RAN2):

· Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of.

· Study how the above information aids XR-specific traffic handling.

Objectives on XR-specific Power Saving (RAN1, RAN2):

· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc...). Focus is on the following techniques:

· C-DRX enhancement.

· PDCCH monitoring enhancement.

Objectives on XR-specific capacity improvements (RAN1, RAN2):

· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:

· SPS and CG enhancements;

· Dynamic scheduling/grant enhancements.


And the following is captured in the latest RAN2#119 meeting [3]:
	· 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. 

· 1: As starting point, RAN2 can further discuss the solutions in TR 38.838 that can impact on L2 operation (e.g., BSR, LCP, assistance information for scheduling, packet discarding, prioritization) for XR-specific capacity improvement. RAN2-specific solutions are not precluded (even if RAN1 hasn’t discussed them before).




In this contribution, we provide some general views on PDU discarding of XR traffic.
2 Discussion
According to what captured in TR 38.838[2], RAN1 has agreed a parameterized statistical traffic model for the evaluation of XR and CG. For a given XR or CG application, there can be multiple data streams with different traffic characteristics and QoS requirements in DL/UL. And a new concept of PDU Set as captured in SA2 TR 23.700-60 [4]:
	PDU Set: A PDU Set is composed of one or more PDUs carrying the payload of one unit of information generated at the application level (e.g. a frame or video slice for XRM Services, as used in TR 26.926 [27]). In some implementations all PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information. In other implementations, the application layer can still recover parts all or of the information unit, when some PDUs are missing.


According to what’s captured in SA2, for some XR services implementations, it is more efficient for RAN to treat packets on application packet basis. That is the remaining PDU following a loss of a PDU from that same PDU Set should be discarded if all the PDUs are needed for the recovery for the information unit, while the transmitting should continue if the application layer can still recover all or parts of the information unit when some PDUs are missing.
Proposal 1: RAN2 is suggested to study the impact of PDU set discarding on XR traffic.

Currently packet discarding based on discard timer or PDCP status report is handled in PDCP layer as captured below:
	When the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report, the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU. If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers.


Then UE or RAN can drop packets in a set once the transmission time exceed PDB/PSDB. Some enhancement can be considered that PDCP SDUs carrying data from a given PDCP set are discarded as a whole upon expiry of the discard timer. Currently, SA2 has not reached consensus on the definition of PSDB. No matter they will consider PDB or PSDB, how to set the discard timer is RAN implementation. And we not see additional discard timer is introduced. 
Proposal 2: No additional discard timer is introduced to support PDCP set discarding.

Also, according to current PDCP spec, the transmitting PDCP entity shall discard the successfully delivered PDCP SDU along with the corresponding PDCP Data PDU. In XR, the transmitting PDCP entity may need to discard the corresponding PDCP SDU or Data PDU(s) if related critical packets are lost or corrupted from that same PDU Set. Considering that in current PDCP spec, the receiving PDCP entity only triggers status report on a PDCP entity re-establishment or a PDCP data recovery, the new triggers can be considered for status report.
Proposal 3 Status Report to indicate the failed delivery can be considered for PDU set discarding.
The next question is how did transmitting PDCP entity identify the corresponding PDCP SDU(s) or PDCP Data PDU(s). Currently, PDU Set detection/identification and property/dependency extraction are discussed in SA2. A possible way is that UPF marks the PDU Set related information on GTP-U extension header from where RAN obtains it for the downlink transmission. And it is assumed RAN will use this information for “integrated” handling of PDU Sets based their properties or dependencies (dependency of intra-PDU-set or of inter-PDU-set). Thus UPF should convey dynamic application packet information. For the uplink transmission, it is assumed that similar model of the “PDU set” discussed by SA2 for downlink is also applicable for uplink, and PDCP in UE can get such information from application level.
If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers.
Proposal 4: PDU Set detection/identification is known in PDCP for PDU set discarding.

According to SA4’ feedback [5], for some PDU Set implementation, all PDUs in a PDU Set are needed by the application layer, thus it is desirable for the transmitter to drop the remaining PDUs to save radio resources and reduce power consumption. While for some implementations, the application layer can still recover all or parts of the information unit, when some PDUs are missing. In this case, it would be desirable for the scheduler to transmit the remaining PDUs. While for another implementations, the decoder requires only any K or only a small amount more than K packet of the N packets to recover the source packets. Since the discarding will be taken more depends on application policies, it is preferred that UE or gNB can get to know such policy to decide whether transmit the remaining PDUs or discard the remaining PDUs. Obviously, for DL XR traffic, policies from application layer can be provided to gNB PDCP. For uplink traffic, policies from application layer can be provided to UE PDCP.
Similar as the correlation between different PDU Sets or within PDU Sets can vary statically or dynamically, static or dynamic discard policy can be used in RAN. Note there may also a case that RAN can continue to forward packets in some cases even beyond the delay budget. This can be related to the importance of the packet and perhaps PDCP discarding can be enhanced not to discard packets even after the expiry of a discard timer. Thus the discard policy can be utilized to handle the “expired” packets, i.e., discard or delivered.

Proposal 5: Additional discard policy can be provided to PDCP for PDU set discarding.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 
Proposal 1: RAN2 is suggested to study the impact of PDU set discarding on XR traffic.

Proposal 2: No additional discard timer is introduced to support PDCP set discarding.

Proposal 3 Status Report to indicate the failed delivery can be considered for PDU set discarding.
Proposal 4: PDU Set detection/identification is known in PDCP for PDU set discarding.

Proposal 5: Additional discard policy can be provided to PDCP for PDU set discarding.
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