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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
This paper will discuss the discard operation for XR.
Discussion
In legacy, the PDCP discard timer is contained in PDCP-Config and configured per DRB. Once discardTimer is configured, the PDCP discard is operated per PDCP SDU basis. In detail, the transmitting PDCP entity starts a discardTimer for a PDCP SDU once the SDU is received from the upper layer as well as discards the SDU once the discardTimer expires. Below are the candidate values of the PDCP discard timer, which is set mainly based on the value of the PDB of the corresponding DRB.
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In R18 XR, RAN2 agree to perform the PDU set discard. Compared to the legacy SDU discard, the PDU set discard requires the discarding of all PDCP SDUs associated with one PDU set.
· 1. For UE transmitter, the PDCP discard should be performed per PDU set basis. 
· 2. For UE transmitter, The PDCP discard is managed per SDU for PDU set, the PDCP entity discards all PDCP SDUs associated with the PDU set.

For the PDU set discard, RAN2 further discussed whether to introduce a new timer, i.e. PDU set discard timer and concludes to reuse the existing PDCP discard timer.
· 2: PDU set discard is modelled using the existing PDCP discard timer for the uplink. The timer is in network control.
Typically, once the PDU set discard is enabled, the transmitting PDCP entity starts a discardTimer for a PDCP SDU received from the upper layer as well as discards all PDCP SDUs of one PDU set once the discardTimer associated with the first SDU of that PDU set expires.
[bookmark: _Toc134789471]If the PDU set discard is enabled, the transmitting PDCP entity discards all PDCP SDUs of that PDU set once the discardTimer associated with the first SDU of one PDU set expires.
[bookmark: _Hlk134130325]In reality, multiple uplink services are concurrent at a UE. As the PDU set operation is only required for the XR services and not all concurrent uplink services associate with the XR service, a new indication/flag would be introduced in PDCP-Config to indicate whether this DRB would enable the PDU set discard operation. In our view, such a new indication/flag can be represented by PSIHI, since PSIHI is designed to indicate whether all PDUs to be handled as a whole. In one implementation, if PSIHI is present and set as True, the UE performs the PDU set discard for the associated DRB, otherwise, the UE performs the legacy PDU discard for the associated DRB.
[bookmark: _Toc134789472]Introduce a new indication/flag in PDCP-Config to indicate whether this DRB would enable the PDU set discard operation. Such a new indication/flag can be represented by PSIHI. In detail, if PSIHI is present and set as True, the UE performs the PDU set discard for the associated DRB, otherwise, the UE performs the legacy PDU discard for the associated DRB.
TR 38.835 also captures another criterion for the PDU set discard, i.e. the PDU set discard is performed if any PDU of one PDU set is lost.
For PDCP discard operation in uplink, the timer-based discard operation (when configured) should apply to all SDUs/PDUs belonging to the same PDU Set. Furthermore, for a PDU Set in a QoS flow for which the PSIHI is set, when one PDU of that PDU set is known to either be lost or associated to a discarded SDU (see subclause 5.1.1), all remaining PDUs of that PDU Set could be discarded at the transmitter to free up radio resources.
Usually, we rely on feedback from the reception side to know the packet was lost. HARQ/ARQ NACK can be used to judge the packet lost considering there exists the latency requirement (e.g. 10ms) in XR and sometimes there is no chance to have any retransmission in the TDD system.
[bookmark: _Toc134698546][bookmark: _Toc134789473]If the PDU set discard is enabled, the transmitter can also rely on the feedback (e.g. HARQ/ARQ NACK) from the reception side to know if any PDU of one PDU set is lost and then perform the PDU set discard.

TR 38.835 also considers individual PDU set discard for different PSIs if the system is congested. 
In case of congestion, the PSI may be used for PDU set discarding (see subclause 5.1.1) and in uplink, a PDU set discard mechanism taking the PSI into account will be introduced.
If that is the case, the most straightforward way is to have separate PDCP discard timers for different PSIs. In detail, the gNB configures another PDCP discard timer for a specific PSI. With this configuration, the UE selects different PDCP discard timers for different PSIs, i.e. the UE uses PSI-specific PDCP discard timer for PDU sets of the specific PSI as well as uses the existing PDCP discard timer for PDU sets of other PSI(s).
[bookmark: _Toc134134397][bookmark: _Toc134698548][bookmark: _Toc134789474]If needed, the gNB configures a separate PDCP discard timer for the specific PSI. Accordingly, the UE selects different PDCP discard timers for different PSIs and uses a PSI-specific PDCP discard timer for packets of the specific PSI.

It is unclear if a DRB would link with different QoS flows which have similar QoS characteristics but different PSIHI requirements. If such a linkage is allowed, the UE would perform the PDU set discard and the legacy PDU discard simultaneously, which complicates the UE’s behaviour. Thus, such a linkage should be avoided, e.g. rely on the network implementation to avoid QoS flows of different PSIHI multiplexed into one DRB. 
[bookmark: _Toc134789475]RAN2 confirms that QoS flows with different PSIHI shall not be multiplexed into one DRB. 

One left issue in RAN2#120 for PDU discard is whether in-band marking is needed for discard.
· In-band marking not needed. Further information considered if BSR is not enough.
· Handling of discard FFS.
We understand that the proponent companies intend to let the receiver know the association between PDUs and then perform the PDU set discard. But, the benefit is unclear to us, because 1) Even if the receiver knows the information by in-band marking, it is unable to free up the radio resources since the packets intended to be discarded are already transmitted. 2) There is no capacity limitation for the CN transmission. On the other hand, to resolve the concern, the transmitter (e.g. PDCP) can explicitly indicate to the receiver to discard which packet(s). In this way, we can avoid the discussion/complexity of the design of the PDU header due to in-band marking. 
[bookmark: _Toc134789476]RAN2 confirms that in-band marking for discard operation is not needed.

The existing PDU discard involves the operation in both PDCP and RLC layer. See below. 
In TS 38.323
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In TS 38.322
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As specified, the RLC layer discards the RLC SDU only if neither the RLC SDU nor a segment has been submitted to the lower layer. Some companies argue the existing discard does not suit the XR service since the current mechanism does not benefit as we expected on efficient resource usage. They accordingly propose to enhance the RLC layer, i.e. extend the discard operation to the packets that have been delivered to the lower layer. We understand their point but worry about the issue foreseen, i.e. the problem of serious SN gap and window stalling. To resolve the issue mentioned, RAN2 has to consider a mechanism to notify the receiving entity which PDUs are discarded as well as when the transmitting entity would send the notification. It definitely implies a non-negligible spec impact to both the transmitter and receiver side. With this in mind, we sympathize with the existing RLC discard mechanism.
[bookmark: _Toc134134402][bookmark: _Toc134698553][bookmark: _Toc134789477]For the PDU set discard, keep the existing RLC SDU discard rule, i.e. the RLC SDU to be discarded should be the one that has not been yet submitted to the lower layer.
[bookmark: _Toc110370069][bookmark: _Toc110370079][bookmark: _Toc110370107][bookmark: _Toc110370080][bookmark: _Toc110370108][bookmark: _Toc110370081][bookmark: _Toc110370109][bookmark: _Toc110370082][bookmark: _Toc110370110][bookmark: _Toc110370083][bookmark: _Toc110370111][bookmark: _Toc110370084][bookmark: _Toc110370112][bookmark: _Toc110370085][bookmark: _Toc110370113][bookmark: _Toc110370086][bookmark: _Toc110370114][bookmark: _Toc110370087][bookmark: _Toc110370115][bookmark: _Toc110370088][bookmark: _Toc110370116][bookmark: _Toc110370089][bookmark: _Toc110370117][bookmark: _Toc110370090][bookmark: _Toc110370118][bookmark: _Toc110370096][bookmark: _Toc110370120][bookmark: _Toc47558120][bookmark: _Toc47562683][bookmark: _Toc47600085]
[bookmark: _Toc109213964]Conclusion
We have the following proposals:
Proposal 1	If the PDU set discard is enabled, the transmitting PDCP entity discards all PDCP SDUs of that PDU set once the discardTimer associated with the first SDU of one PDU set expires.
Proposal 2	Introduce a new indication/flag in PDCP-Config to indicate whether this DRB would enable the PDU set discard operation. Such a new indication/flag can be represented by PSIHI. In detail, if PSIHI is present and set as True, the UE performs the PDU set discard for the associated DRB, otherwise, the UE performs the legacy PDU discard for the associated DRB.
Proposal 3	If the PDU set discard is enabled, the transmitter can also rely on the feedback (e.g. HARQ/ARQ NACK) from the reception side to know if any PDU of one PDU set is lost and then perform the PDU set discard.
Proposal 4	If needed, the gNB configures a separate PDCP discard timer for the specific PSI. Accordingly, the UE selects different PDCP discard timers for different PSIs and uses a PSI-specific PDCP discard timer for packets of the specific PSI.
Proposal 5	RAN2 confirms that QoS flows with different PSIHI shall not be multiplexed into one DRB.
Proposal 6	RAN2 confirms that in-band marking for discard operation is not needed.
Proposal 7	For the PDU set discard, keep the existing RLC SDU discard rule, i.e. the RLC SDU to be discarded should be the one that has not been yet submitted to the lower layer.
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‘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. «
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When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AMRLC
entity or the transmitting UM RLC entity shall discard the indicated RLC SDU, if neither the RLC SDU nor a segment

thereof has been submitted to the lower layers. The transmilting side of an AMRLC entity shall not iniroduce 21RLC
SN gap when discarding an RLC SDU.<
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