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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
This paper will discuss the discard operation for XR.
Discussion
Previously, RAN2 agrees PDU Set discard should be performed on PDU Set basis. The PDU-Set level discard can be implemented in a timer-based way.
· 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.
· 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.
We understand that the PDU Set discard timer would be configured considering the value of PSDB, but whether to enable the PDU Set discard should depend on the specific indication from the network. Note that PSDB only defines an upper bound for the delay of a PDU Set, but does not imply the need for packet discarding. In our view, among all PDU Set QoS parameters defined, PSIHI is the proper and specific indication to enable/disable PDU Set discard operation in RAN2. In other words, PSIHI can be used to know whether all PDUs are handled as a whole. 
5.7.7.4 PDU Set Integrated Handling Information
The PDU Set Integrated Handling Information (PSIHI) indicates whether all PDUs of the PDU Set are needed for the usage of the PDU Set by the application layer in the receiver side.
In one implementation, if PSIHI is set as True, RAN can enable PDU Set operation. For example, the RAN side can discard the remaining PDUs of one PDU Set if the PDU Set timer expiry or if a PDU of that PDU Set is lost. Otherwise, the RAN side considers the remaining PDUs of that PDU Set are still worth transmitting. 
Observation 1 [bookmark: _Toc131761844]SA2 has designed PSIHI to indicate whether all PDUs of a PDU Set are needed, which in our understanding implies the possibility for the PDU Set discard operation. 
Observation 2 [bookmark: _Toc131761845]PSDB only defines an upper bound for the delay of a PDU Set but does not imply the need for packet discarding.
[bookmark: _Toc131761847]RAN2 considers using PSIHI to enable/disable the PDU Set discard. In one implementation, if PSIHI is set as True, RAN enables the PDU Set discard operation, otherwise, RAN uses the legacy PDU discard operation.
[bookmark: _Toc131761848]If the PDU Set discard is enabled, the UE can perform the timer-based discarding of PDCP PDU/SDUs of a PDU set.

One follow-up issue is how the PDCP discard timer works for a PDU Set. There seem two possible solutions.
· Solution 1: PDCP discard timer is operated per PDCP SDU
The legacy behaviour could be reused here, i.e. a PDCP discard timer maintains per each PDCP SDU. Considering the discard operation discussed here is per PDU-Set level, maintaining multiple PDCP discard timers for one PDU Set definitely seems redundant. It is because all PDUs of one PDU Set would be discarded once the PDCP discard timer of the first PDU of this PDU Set expires since all PDUs of one PDU Set are operated as a whole. In general, except for the PDCP discard timer associated with the first PDU of one PDU Set, the PDCP discard timers associated with other PDUs of that PDU Set would not take any role.
· Solution 2: PDCP discard timer is operated per PDU Set
It is an enhancement to the current PDCP discard operation, i.e. the PDCP layer maintains a PDCP discard timer for a PDCP PDU Set. In our view, the change to spec is limited, but the enhancement can avoid the drawback of Solution 1. 
Thus, we understand Solution 2 is better.
[bookmark: _Toc131761849]If the PDU Set discard is enabled, PDCP discard timer is operated per PDU Set. For example, in the transmitter, a new PDCP discard timer is started upon reception of the first SDU of a PDU Set from the upper layer.

It is also captured in TR 38.835 that the remaining PDUs of one PDU set could be discarded if one PDU of that 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, whether a packet is considered lost relies on feedback from the reception side. Since XR has latency requirements, e.g. 10ms and the TDD system may not allow even one-time retransmission, the feedback in our view could be HARQ NACK or ARQ NACK. 
[bookmark: _Toc131761850]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 one PDU of one PDU Set is lost and then perform the PDU Set discard.

Another issue is the impact on the PDU Set discard due to PSI. In our view, if majorities support separate PDU Set discard operations due to different PSI, the gNB can configure different PDCP discard timers for different PSI values respectively. There would be no need to mention the tethering use case in the spec, since typically the UE does not need to know what the case is. 
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.
[bookmark: _Toc131761851]If the PDU Set discard is enabled, the gNB can configure PSI-specific PDCP discard timer, if needed. Accordingly, the transmitter uses a specific PDCP discard timer for packets with the corresponding PSI. 

Based on the current QoS framework, different QoS flows may map into one DRB even if they have different PSIHI requirements. If that is the case, the UE would perform the PDU Set discard for some packets while performing the legacy PDU discard for other packets, which may complex the UE’s behaviour. Thus, it may be good not to allow QoS flows with different PSIHI multiplexed into one DRB. Such restriction can rely on the gNB’s implementation.
[bookmark: _Toc131761852]RAN2 discusses whether to allow QoS flows with different PSIHI to 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 companies with such intention would like to let the receiver know the association of PDUs and use such association to discard the packets received. But, to us, the benefit is not clear, because 1) Even if the receiver has had such in-band marking, it is unable to free up radio resources since the packets intended to be discarded are already transmitted. 2) There is no capacity limitation for CN transmission. On the other hand, if there are still concerns, another potential way is to let the receiver explicitly know which packets to discard, i.e. the transmitter (e.g. PDCP) can indicate the SN of the packets to be discarded to the receiver. In this way, the complex work/discussion on PDU header design can be avoided. 
[bookmark: _Toc131761853]RAN2 confirms that in-band marking for discard operation is not needed.

In legacy, both the PDCP layer and the RLC layer need to respond/be triggered once there is a need to discard PDU.
In TS 38.323
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In TS 38.322
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As the above said, even if the PDCP layer indicates the RLC layer to discard the associated SDU, the discard of the corresponding RLC SDU actually happens only when neither the RLC SDU nor a segment has been submitted to the lower layer. Some companies argue the current mechanism does not benefit as we expected on efficient resource usage. We understand the point but sympathize that the current way really reduces the impact on both the transmitter and receiver as much as possible. From this perspective, we prefer RAN2 to evaluate whether the current SDU discard is indeed insufficient, i.e. whether the RLC entity needs to discard the SDU even if this packet has been delivered to the lower layer. If RAN2 agrees on such an RLC enhancement, RAN2 would also discuss the impact on the receiving window.
[bookmark: _Toc131761854]RAN2 discusses whether to keep the current 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 observations:
Observation 1	SA2 has designed PSIHI to indicate whether all PDUs of a PDU Set are needed, which in our understanding implies the possibility for the PDU Set discard operation.
Observation 2	PSDB only defines an upper bound for the delay of a PDU Set but does not imply the need for packet discarding.

We have the following proposals:
Proposal 1	RAN2 considers using PSIHI to enable/disable the PDU Set discard. In one implementation, if PSIHI is set as True, RAN enables the PDU Set discard operation, otherwise, RAN uses the legacy PDU discard operation.
Proposal 2	If the PDU Set discard is enabled, the UE can perform the timer-based discarding of PDCP PDU/SDUs of a PDU set.
Proposal 3	If the PDU Set discard is enabled, PDCP discard timer is operated per PDU Set. For example, in the transmitter, a new PDCP discard timer is started upon reception of the first SDU of a PDU Set from the upper layer.
Proposal 4	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 one PDU of one PDU Set is lost and then perform the PDU Set discard.
Proposal 5	If the PDU Set discard is enabled, the gNB can configure PSI-specific PDCP discard timer, if needed. Accordingly, the transmitter uses a specific PDCP discard timer for packets with the corresponding PSI.
Proposal 6	RAN2 discusses whether to allow QoS flows with different PSIHI to be multiplexed into one DRB.
Proposal 7	RAN2 confirms that in-band marking for discard operation is not needed.
Proposal 8	RAN2 discusses whether to keep the current 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.<




