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[bookmark: _Ref178064866]Introduction
In this contribution, we show our views on the discard operation for XR.
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PDU set discard operation based on PSDB 
In RAN2#121bis-e meeting, the following agreement was made.
	2: PDU set discard is modelled using the existing PDCP discard timer for the uplink. The timer is in network control.




However, whether to discard all PDCU SDUs associated with a PDU set at expiry of a discardTimer for a PDCP SDU belonging to the PDU set is not decided yet.
As generally understood, if the PSDB is exceeded for a PDU set and the PSIHI is indicated for the PDU set, all PDUs associated with the PDU set are considered as outdated, and thus do not need to be transmitted. Thus, if the PSIHI is configured and a PDCP discardTimer expires for a PDCP SDU, the PDCP entity discards all PDCP SDUs associated with the PDU set to which the PDCP SDU belongs.
Proposal 1: If the PSIHI is configured and a PDCP discardTimer expires for a PDCP SDU, the PDCP entity considers the PDU set to which the PDCP SDU belongs as outdated, and discards all PDCP SDUs belonging to the outdated PDU set.

Additionally, there may be a case where the UE receives a PDCP SDU associated with a PDU set after the PDU set is outdated due to exceeding the PSDB. In this case, the PDCP entity should discard the received PDCP SDU that do not need to be transmitted. 
Proposal 2: If the PDCP entity receives a PDCP SDU belonging to an outdated PDU set, the PDCP entity discards the received PDCP SDU without any processing.

In RAN2#121bis e-meeting, some companies proposed to have different PDCP discardTimer values for different PDU sets to a PDCP entity. 
However, according to the running stage-2 CR, it is stated that a QoS Flow is associated with only one PSDB for both UL and DL as follows. In other words, only one PSDB associated with the PDCP discardTimer should be configured to a PDCP entity. 
	16.X.2	Awareness
XR-Awareness relies on QoS flows, PDU Sets, Data Bursts and traffic assistance information (see TS 23.501 [3]). When a QoS Flow is enabled with PDU Set based QoS handling by 5GC, PDU Set QoS Parameters may be provided by the SMF to the gNB as part of the QoS profile of the QoS flow:
-	PDU Set Delay Budget (PSDB): as defined in TS 23.501 [3], upper bound for the duration between the reception time of the first PDU (at the UPF for DL, at the UE for UL) and the time when all PDUs of a PDU Set have been successfully received (at the UE in DL, at the UPF in UL). A QoS Flow is associated with only one PSDB for both UL and DL, and when available, it supersedes the PDB.



Considering the only one PSDB associated with the PDCP discardTimer will be configured to a PDCP entity, there is no reason to have different PDCP discardTimer values within a PDCP entity. 
Proposal 3. Only one discardTimer is configured to a PDCP entity, same as legacy.

For proposal 1~3, we provide the text proposal in section 4. 

Packet discard in congestion situation
In addition to the PDU set level discard operation based on the PDCP discardTimer, RAN2 may also need to discuss whether discarding should be considered in presence of congestion. 
There may be a case where the PDU set with low importance arrives at PDCP before the PDU set with high importance arrives. Then, in network congestion situation, the network would provide very small UL grant to the UE, and the PDU set with high importance may be discarded (by discardTimer) due to the transmission of the PDU set with low importance. It severely degrades the user experience for XR service.  
In addition, according to TR 38.835, it is already captured that the RAN may perform the PDU set discard based on the PDU set importance in presence of congestion. Since the PDU set with low importance, i.e., the P-frame and the B-frame, are decoded based on the PDU set with high importance, i.e., the I-frame, discarding only the PDU set with low importance at congestion could minimize the user experience impact.
In summary, in order to minimize the degradation of the user experience for the XR traffic, we think that it is worth to support PDU set discard based on the PDU set importance in network congestion in addition to the timer based PDCP discard.
Proposal 4. RAN2 support PDU set discard based on the PDU set importance in network congestion in addition to the timer based PDCP discard.

If the proposal 4 is agreeable, RAN2 should further discuss the two points for discard operation in network congestion. The first point is how to discard the PDU set in a network congestion and the second point is how to detect the network congestion.

Let’s discuss how to discard the PDU set in a network congestion first. 
According to the RAN2#121bis e-meeting, the following options were proposed in order to discard the PDU set at the network congestion.
· Option 1. Timer based discarding by configuring the two PDCP discardTimer values for each PDU sets. 
· Option 2. Discard the PDU set based on the importance regardless of remaining time of discard timer.

For Option 1, the PDCP entity is configured with two PDCP discardTimer values. More specifically, in case of non-congestion, the PDCP entity uses the long PDCP discardTimer value. But, in case of congestion, the PDCP entity uses the short PDCP discardTimer value. This option may require two PDCP discardTimers in the PDCP entity which is conflicted with existing agreement, i.e., PDU set discard is modelled using the existing PDCP discard timer for the uplink. In addition, since the motivation of the discard at the congestion is to relax the congestion by discarding the non-importance PDU set for the multiple UEs, Option 1 is not suitable to erase the congestion.
For Option 2, the PDCP entity discards all PDCP SDUs associated with a non-importance PDU set right after detecting the congestion. In this case, the network congestion can be easily relaxed by discarding the non-importance PDU set for the multiple UEs. 
Considering the above, we prefer to go for Option 2.
Proposal 5. The PDCP entity discards the non-important PDU sets at the network congestion regardless of the remaining time of the PDCP discardTimer.

The next discussion is how to detect the network congestion. In the RAN2#120 e-meeting, RAN2 discussed whether it is feasible for RAN to estimate congestion per QoS flow and/or per DRB in UL without UE impacts. The conclusion is that it is feasible. 
Considering that the UE does not know whether the network suffers from the congestion situation or not, the network should indicate the congestion situation to the UE. In addition, considering that the XR traffic can be transmitted per DRB level and the PDU set discard is performed in PDCP, the network should indicate the congestion to a UE using PDCP control PDU. 
Proposal 6. Network indicates the congestion to a UE using PDCP control PDU.

For proposal 4~6, we provide the text proposal in section 5.

Packet discard in RLC and MAC
According to the current specification, even if the PDCP entity indicates a discard for a PDCP PDU to the RLC entity, the RLC entity does not discard an RLC SDU associated with the PDCP PDU if the RLC SDU has been submitted to the lower layers. In other words, even if the RLC entity receives the discard indication for an RLC SDU due to exceeding the PSDB, the RLC entity does not discard the RLC SDU if it is submitted to the lower layer.
Observation 1. Even if the RLC entity receives a discard indication for a RLC SDU, the RLC entity does not discard the RLC SDU if it is submitted to the lower layer. 

In the XR SI phase, in order to prevent unnecessary transmission, it was proposed to discard an RLC SDU even if the RLC SDU is already submitted to the lower layer when a discard indication for an RLC SDU is received due to exceeding the PSDB.
However, considering that the RLC SDU may be submitted to the lower layer based on the received UL grant, not many RLC SDUs are submitted to the lower layer before receiving the UL grant. 
In addition, if the RLC entity discards an RLC SDU that is submitted to the lower layer, it causes the SN gap in RLC. This is because the RLC SN for the RLC SDU cannot be reassigned if the RLC SDU is submitted to the lower layer. In this case, the RLC entity needs to notify the information of discarded RLC SDU to the peer entity to move the receiving window.
In UMTS, there was a mechanism called Move Receiving Window (MRW) defined in RLC. When the transmitter discards some PDUs, it sends the MRW command to the receiver to move the lower edge of the receiving window after the discarded PDU. However, this mechanism was removed in LTE because lots of issues were identified in MRW mechanism, e.g. loss of MRW command, out-of-order transmission of MRW command, loss of MRW ACK, out-of-order reception of MRW ACK, etc. Introducing such mechanism again in NR would cause huge complexity in RLC.
Therefore, we think introducing a mechanism to discard already submitted SDU should not be considered considering the limited gain and the complexity it incurs. 
Proposal 7. The discarding of an RLC SDU submitted to the lower layer should not be considered even if the discard indication for the RLC SDU is received (i.e. no change to legacy mechanism).

In addition, in order to prevent unnecessary transmission, it was proposed to discard a MAC PDU if the PSDB is exceeded for all MAC SDUs in the MAC PDU. 
However, the discard of the MAC PDU would cause the RLC SN gap problem as explained above. Moreover, considering the current LCP procedure where multiple logical channels are multiplexed, it is a rare case that all MAC SDUs included in the MAC PDU exceed the PSDB.
With the above reasoning, we do not see the benefit to discard a MAC PDU if the PSDB is exceeded for all MAC SDUs in the MAC PDU.
Proposal 8. The discarding of a MAC PDU should not be considered even if the PSDB is exceeded for all MAC SDUs in the MAC PDU.

[bookmark: _Toc458688128][bookmark: _Toc458688133][bookmark: _Toc458700495][bookmark: _Toc458688134][bookmark: _Toc458700496][bookmark: _Toc458461065][bookmark: _Toc450773277][bookmark: _Toc450773306][bookmark: _Toc450773354][bookmark: _Toc450773369][bookmark: _Toc450774156][bookmark: _Toc450814189]Conclusion
[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]Based on the above discussion, we made following proposals and observations.
Proposal 1: If the PSIHI is configured and a PDCP discardTimer expires for a PDCP SDU, the PDCP entity considers the PDU set to which the PDCP SDU belongs as outdated, and discards all PDCP SDUs belonging to the outdated PDU set.
Proposal 2: If the PDCP entity receives a PDCP SDU belonging to an outdated PDU set, the PDCP entity discards the received PDCP SDU without any processing.
Proposal 3. Only one discardTimer is configured to a PDCP entity, same as legacy.
Proposal 4. RAN2 support PDU set discard based on the PDU set importance in network congestion in addition to the timer based PDCP discard.
Proposal 5. The PDCP entity discards the non-important PDU sets at the network congestion regardless of the remaining time of the PDCP discardTimer.
Proposal 6. Network indicates the congestion to a UE using PDCP control PDU.
Observation 1. Even if the RLC entity receives a discard indication for a RLC SDU, the RLC entity does not discard the RLC SDU if it is submitted to the lower layer. 
Proposal 7. The discarding of an RLC SDU submitted to the lower layer should not be considered even if the discard indication for the RLC SDU is received (i.e. no change to legacy mechanism).
Proposal 8. The discarding of a MAC PDU should not be considered even if the PSDB is exceeded for all MAC SDUs in the MAC PDU.


Text proposal for proposal 1~3
[bookmark: _Toc124547261][bookmark: _Toc46492175][bookmark: _Toc46492067][bookmark: _Toc37126954]5.3	SDU discard
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 PSIHI is configured, when the discardTimer expires for a PDCP SDU associated with a PDU set, the transmitting PDCP entity shall discard all PDCP SDUs associated with the PDU set. If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers. 
For SRBs, when upper layers request a PDCP SDU discard, the PDCP entity shall discard all stored PDCP SDUs and PDCP PDUs.
NOTE:	Discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP Data PDUs, which increases PDCP reordering delay in the receiving PDCP entity. It is up to UE implementation how to minimize SN gap after SDU discard.

Text proposal for proposal 4~6
5.3	SDU discard
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 congestion indication with CI field set to 1 is received, the transmitting PDCP entity shall discard all PDCP SDUs associated with the PDU set other than the PDCP SDUs associated with the PDU set with high importance until the congestion indication with CI field set to zero is received. If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers. 
For SRBs, when upper layers request a PDCP SDU discard, the PDCP entity shall discard all stored PDCP SDUs and PDCP PDUs.
NOTE:	Discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP Data PDUs, which increases PDCP reordering delay in the receiving PDCP entity. It is up to UE implementation how to minimize SN gap after SDU discard.

………………………………………………… omit ……………………………………………

6.1.2	Control PDU
The PDCP Control PDU is used to convey one of followings in addition to the PDU header:
-	a PDCP status report;
-	an interspersed ROHC feedback;
-	an EHC feedback;
-	a UDC feedback;.
-	a congestion indication.

………………………………………………… omit ……………………………………………

6.2.3.x	Control PDU for congestion indication
Figure 6.2.3.4-1 shows the format of the PDCP Control PDU carrying congestion indication. This format is applicable for UM DRBs and AM DRBs.


Figure 6.2.3.x-1: PDCP Control PDU format for congestion indication

………………………………………………… omit ……………………………………………

6.3.8	PDU type
Length: 3 bits
This field indicates the type of control information included in the corresponding PDCP Control PDU.
Table 6.3.8-1: PDU type
	Bit
	Description

	000
	PDCP status report

	001
	Interspersed ROHC feedback

	010
	EHC feedback

	011
	UDC feedback

	100
	Congestion indication

	100101-111
	Reserved



………………………………………………… omit …………………………………………
6.3.x	CI
Length: 1 bit
Indication of whether congestion is detected or not.
Table 6.3.x-1: CI field
	Bit
	Description

	0
	No Congestion

	1
	Congestion
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