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1. Introduction
RAN2#121 [1] and RAN2#120 [2] made the following agreements:
	· RAN2 thinks PSI can be useful for PDU set-based discard. RAN2 aims to introduce a mechanism to allow UE to handle discarding of packets with different PSI in case of congestion. FFS for other cases.
· RAN2 to support timer-based discarding of UL transmit side of PDCP PDU/SDUs of a PDU set. FFS how this is modelled in PDCP specification, can be discussed in WI phase.


In this contribution, we discuss the impact of PSI and PSIHI for PDU discard at UE and the configuration of the PDCP discardTimer. 
2. Discussion
2.1. Impact of PSI and PSIHI on PDU discard
TR38.835 has captured PSI (PDU Set Importance) as one of the PDU set parameters that can be taken into account for discarding in the uplink [3].

	In case of congestion, the PSI may be used for PDU set discarding (see clause 5.1.1) and in uplink, a PDU set discard mechanism taking the PSI into account will be introduced.


PSI will be provided to the RAN in the GTP-U header in the downlink and it may be used for discarding in the presence of congestion. A similar mechanism can be equally useful for the uplink. Awareness of the PSI at the PDCP can enable discarding of PDU sets of low importance first in the presence of congestion. 
Observation 1:
Awareness of PSI at PDCP can be used to prioritize the discard of low importance PDU sets during congestion.

Proposal 1:
Support awareness of PSI at PDCP to prioritize the discard of low importance PDU sets during congestion. 
TR38.835 has captured PSIHI (PDU Set Integrated Handling Indication) as one of the PDU set parameters to support PDU set handling [3]. 
	PDU Set Integrated Handling Indication (PSIHI): indicates whether all PDUs of the PDU Set are needed for the usage of PDU Set by application layer.


From the above definition, the presence of PSIHI in a PDU set (e.g., in PDU set header) will indicate whether all PDUs are needed for the usage of the PDU Set by the application layer, and therefore impact the discard mechanism. More specifically, PSIHI indicates that a lost PDU of a PDU Set results in the discard of any remaining PDUs of that PDU Set. As such, a mechanism for discarding PDUs of a PDU set based on the presence or absence of the PSIHI can be supported. Enabling such a mechanism will require awareness/detection of PSIHI at PDCP.

Proposal 2:
Support awareness of PSIHI at PDCP.
In legacy, 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 in the UE discards the PDCP SDU. Similarly for XR traffic, on detection of PSIHI in the PDU set, the transmitting PDCP entity can discard all PDUs associated with the PDU set when the discardTimer for any PDU of the PDU set expires, for example, by considering that the discardTimer for all PDUs of that PDU set have also expired.
Proposal 3:
For a PDU set without PSIHI, the legacy discard mechanism is sufficient, i.e., PDUs of PDU set can be discarded independently.
Proposal 4:
For a PDU set with PSIHI, the transmitting PDCP entity discards all PDUs associated with the PDU set if the discardTimer associated with one PDU of the PDU set expires.
2.2. PDCP discardTimer
RAN2#120 agreed to support timer-based discarding of UL transmit side PDCP PDUs/SDUs of a PDU set. There are a few ways this can be modelled in the PDCP specification in terms of one or multiple discardTimers for the PDU Set.
Option A:
PDCP discardTimer is configured per PDCP SDU as in the legacy.

Option B:
PDCP discardTimer is configured per PDCP SDU as in the legacy but the value of the discardTimer is configured at PDU set level (e.g., based on PSDB) and not at PDCP/bearer level. 

Option C:
Similar to option B for the first SDU of a PDU set, but for each subsequent SDU, the discardTimer will be set as the discardTimer value associated with the PDU set minus the amount of time since the arrival of the first PDU of the PDU set at PDCP.
Option D:
PDCP discardTimer is configured per PDU set (i.e., only one discardTimer shared among all the SDUs of the PDU set). 
For option A, the PDCP discardTimer is configured per PDCP SDU, requiring no changes to the legacy PDCP timer configuration. The disadvantage of reusing legacy is the design was meant to handle discard on a per-PDU basis. Since multiple QoS flows may be mapped to one DRB, the PDCP may have to handle PDU sets with different PSDB. In legacy, discardTimer value is configured in RRC based on the PDB. Re-using legacy to accommodate the PSDB will require reconfiguration for every new value of the PSDB. Option A also cannot handle multiple ongoing PDU sets and handling of sequential arrival of PDUs of a PDU set may result in over-buffering/provisioning if there is a considerable difference in arrival time of the PDUs at PDCP. 

For option B, the PDCP discardTimer is configured per PDCP SDU but the discardTimer value of individual PDCP SDUs is based on the PSDB. Option B requires some specification changes to the legacy timer configuration at PDCP. It ensures that the PSDB is respected but in the case of sequential arrival of PDUs in a PDU set at PDCP, setting the discardTimer value of PDUs of the PDU set that arrive later on based on the PSDB may result in over-buffering at the PDCP for the later-arriving PDUs of the PDU set.

Option C is a variant of option B which avoids the over-buffering in the case of sequential arrival of PDUs of a PDU set. However, it has high specification/implementation impact.

For option D, one PDCP discardTimer is configured per PDU set. This option is adapted to PDU sets with PSIHI where only one discardTimer is configured and operated for the PDU set. It requires some changes to the specification.

Whether the discardTimer value is configured per PDCP SDU or PDU set can be made configurable by the network to adapt to different types of traffic.
Table 1: PDCP discardTimer configuration options

	Option
	Description
	Pro
	Con

	A
	PDCP discardTimer is configured per PDCP SDU as in the legacy.
	No specification impact.

	RRC reconfiguration if PSDB changes.
Cannot handle overlapping PDU sets.
May result in over-buffering/provisioning, if there is a considerable difference in arrival time of the PDUs at PDCP.

	B
	PDCP discardTimer is configured per PDCP SDU as in the legacy but the PDCP discardTimer value of individual PDCP SDUs is based on the PSDB.
	Limited specification impact.
Can handle overlapping PDU sets.
	May result in over-buffering/provisioning, if there is a considerable difference in arrival time of the PDUs at PDCP.

	C
	Variant of option B but with different lengths of PDCP discardTimer applied to different SDUs of the PDU set so that they expire at the same time.
	No over-buffering/over-provisioning for the PDUs that arrive later.
Can handle overlapping PDU sets.

	High specification/implementation impact.

	D
	One PDCP discardTimer is configured per PDU set.
	Only one discard timer needed per PDU set.

Can handle overlapping PDUs.
No over-buffering/over-provisioning for the PDUs that arrive later.
	Some specification impacts.

Only suitable for PDU sets with PSIHI.


Based on the options discussed in Table 1, we propose the following:

Proposal 5:
PDCP discardTimer can be configured to be PDU set specific.

Proposal 6:
For PDU sets with PSIHI, one discardTimer can be shared by all the PDUs of the PDU set. 
3. Conclusion

In this contribution, the following observations and proposals are made:
Observation 1:
Awareness of PSI at PDCP can be used to prioritize the discard of low importance PDU sets during congestion.

Proposal 1:
Support awareness of PSI at PDCP to prioritize the discard of low importance PDU sets during congestion. 

Proposal 2:
Support awareness of PSIHI at PDCP.
Proposal 3:
For a PDU set without PSIHI, the legacy discard mechanism is sufficient, i.e., PDUs of PDU set can be discarded independently.
Proposal 4:
For a PDU set with PSIHI, the transmitting PDCP entity discards all PDUs associated with the PDU set if the discardTimer associated with one PDU of the PDU set expires.
Proposal 5:
PDCP discardTimer can be configured to be PDU set specific.

Proposal 6:
For PDU sets with PSIHI, one discardTimer can be shared by all the PDUs of the PDU set. 
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