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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Regarding the discard operation, only one agreement was achieved in RAN2#121bis-e meeting:
	· PDU set discard is modelled using the existing PDCP discard timer for the uplink. The timer is in network control.


This contribution only discusses discard operation in UL and addresses the remaining issues, namely:
· Discarding outside congestion
· Discarding during congestion
· PDCP discard timer model
· PDCP discard impact to lower layers
Discussion
[bookmark: _Ref134627753]Discard operation in steady state (no congestion)
Outside congestion, three QoS parameters provided by CN control the discarding operation in RAN: the legacy PDB in 5QI, and the newly introduced PDU Set QoS parameters, PSIHI and PSDB. Before discussing the details of PDCP discard timer, it should first be clarified how these parameters control the UL discard in the UE, and if any information is missing. Specifically, on the latter aspect, it is unclear if data should always be discarded when exceeding PSDB. Indeed, in [1], SA4 mentioned that:
	With regards to the PSDB, the SA4 assumes the PDU Set reception will happen within the PSDB target. However, the delivery of late PDU Sets may still be useful in some cases.


Hence, in order to distinguish both cases (discard when exceeding the PSDB / not discard when exceeding the PSDB), a new parameter (e.g. discardOutdatedPDU-Set) should be configured from CN to RAN together with PSDB. If discardOutdatedPDU-Set is configured, PDU Sets exceeding the PSDB should be discarded; otherwise, they should not. But currently, there is no such parameter from CN to NG-RAN, and we elaborate further in [2] why neither PSIHI nor the PSDB parameter itself can be used for that. Hence, we suggest sending LS to SA2/4 to ask for such new parameter.
[bookmark: _Ref134706083]Proposal 1: Send LS to SA2/4 to ask for a new parameter (different from PSIHI) to be provided by CN to NG-RAN to indicate whether PDUs exceeding the PSDB should be discarded.
When CN configures RAN for discarding PDU Sets exceeding the PSDB, then RAN should configure the PDCP discard timer at the UE for discarding purpose; otherwise, PDCP discard timer is not configured by network, as in legacy.
[bookmark: _Ref134706087]Proposal 2: Whether to discard PDUs exceeding the (PDB or PSDB) delay budget over Uu is enabled by configuring the PDCP discard timer(s), as in legacy.
[bookmark: _Ref134627339]PDCP Discard timer configuration
The latest SA2 definition of the PSDB parameter is captured in [3], and reflected below:
	[bookmark: _Toc131516522]5.7.7.2	PDU Set Delay Budget
……
A QoS Flow is associated with only one PDU Set Delay Budget. The value of the PDU Set Delay Budget is the same in UL and DL. PSDB is an optional parameter that may be provided by the PCF. The provided PSDB can be used by the NG-RAN to support the configuration of scheduling and link layer functions.
When the PSDB is available, the PSDB supersedes the PDB.


Considering the last sentence above, for a given DRB, only one PDCP discard timer length should be configured, either based on PDB or PSDB. When only PDB is available, the PDCP discard timer length should be configured based on PDB; and when both PDB and PSDB are available, the PDCP discard timer length should be configured based on PSDB.
Moreover, as further elaborated in Section 2.4, the functionality of the PDCP discard timer associated with PSDB will be slightly different from the legacy PDCP discard timer. Hence, UE should know how the PDCP discard timer is configured, i.e. based on PDB (in which case it implements the legacy timer) or based on PSDB (in which case it implements the new timer). There are two options for enabling such differentiation:
· Option 1: Two separate discardTimer parameters can be used to indicate the PDCP discard timer length is configured based on PDB or PSDB;
· Option 2: The legacy discardTimer parameter is used and an additional parameter is introduced to indicate the PDCP discard timer length is configured based on PDB or PSDB.
[bookmark: _Ref134706090]Proposal 3: Only one PDCP discard timer length is configured per DRB. Its length can be determined by network either based on PSDB (in case of PSDB is configured) or PDB (in case of PSDB is not configured).
[bookmark: _Ref134706094]Proposal 4: A new RRC parameter can be introduced to inform the UE whether the PDCP discard timer is configured based on PDB or PSDB, either by introducing a new discardTimer or a new indicator in PDCP-config.
PDU Set Integrated Handling and discarding
It is now interesting to check how the other new PDU Set QoS parameter, PSIHI, further controls the PDUs discarding. The latest SA2 definition of the PSIHI parameter is captured in [3], and reflected below:
	[bookmark: _Toc131516521]5.7.7.1	General
PDU Set QoS Parameters are used to support PDU Set based QoS handling in the NG-RAN. The followings are the PDU Set specific QoS characteristics:
1.	PDU Set Delay Budget (PSDB).
2.	PDU Set Error Rate (PSER).
3.	PDU Set Integrated Handling Information (PSIHI).
[bookmark: _Hlk132619116]The QoS Profile includes the PDU Set QoS Parameters described in this clause (see clause 5.7.1.2). The PCF determines the PDU Set QoS Parameters based on information provided by AF and/or local configuration. The PDU Set QoS parameters are sent to the SMF as part of PCC rule. The SMF sends them to NG-RAN as part of the QoS Profile. 
If the NG-RAN receives PDU Set QoS Parameters and supports them, it applies PDU Set QoS Parameters as described in this clause. 
……
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. PSIHI is an optional parameter.


The above definition from SA2 is also captured/re-phrased in the RAN TR [4] as “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”. This further points out that exceeding the PSDB is not the only condition for discarding a PDU Set, but it can as well be triggered by lost PDUs, when the delivery of late PDU Sets (beyond PSDB) is tolerated, i.e. when the PDCP timer is not configured. 
Observation 1: Exceeding the PSDB is not the only condition for discarding a PDU Set, but it can as well be triggered by lost PDUs, when PSIHI is set to 1 and the delivery of late PDU Sets (beyond PSDB) is not tolerated.
Moreover, the concept of integrated handling is not necessarily tied to the configuration of the PSDB parameter and could as well apply when only the PDB is configured, as further elaborated below.
Observation 2: It is not a ruled out configuration that PSIHI is configured without PSDB.
From the above, we derive that PSIHI should be visible to the UE, independently of PSDB. A new per-DRB RRC parameter (e.g. integratedHandlingPDU-Set) should be configured to the UE to indicate whether integrated PDU Set handling is needed or not.
[bookmark: _Ref134706097]Proposal 5: A new per-DRB parameter (e.g. integratedHandlingPDU-Set) can be configured by network to control whether UE needs to perform PDU Set based discard.
If PDCP discard timer is configured based on PSDB, it means that all PDUs of the PDU Set should be discarded when the delay budget of the PDU Set exceeds PSDB. And since it anyways applies block-wise to all PDUs of the PDU Set, this should be performed regardless of ntegratedHandlingPDU-Set configuration. Note that lost PDUs will necessarily result in the PDU Set exceeding its PSDB so they also fall into the category “exceeding the PSDB”. 
[bookmark: _Ref134706101]Proposal 6: When the PDCP discard timer is configured based on PSDB, all PDUs of a PDU set are discarded when, from that PDU Set, any PDU is known to be lost or the PDCP timer expires, and this regardless of the integratedHandlingPDU-Set configuration.
If PDCP discard timer is configured based on PDB, then the UE behaviour is summarized in the below table:
Table 1: UE behaviours wrt integratedHandlingPDU-Set when the PDCP timer is based on PDB, or is not configured
	integratedHandlingPDU-Set = 0
	Legacy timer behavior, if configured

	integratedHandlingPDU-Set = 1
	· PDCP discard timer is maintained based on each PDCP SDU, as in legacy, if configured
· All PDUs of a PDU set are discarded:
· When any PDCP discard timer of a PDU of the PDU Set expires, if configured;
· When any PDU of the PDU set is known to be lost (see Section 1.1).


[bookmark: _Ref134706105]Proposal 7: When the PDCP discard timer is configured based on PDB, or is not configured, and integratedHandlingPDU-Set is set to 1, all PDUs of a PDU set are discarded when, from that PDU Set, any PDU is known to be lost or the PDCP timer expires.
How does the UE know an UL PDU is lost?
In UL, for RLC AM, packet loss is not allowed and once it happens (e.g. RLC reaches the maximum number of retransmissions), RLF will be triggered. But for RLC UM, packet loss is possible when gNB gives-up on the HARQ retransmissions. But in that case, when no discard timer is configured (i.e. late PDUs or PDU Set delivery is allowed), the PDU loss is not visible to the UE which considers the PDU as successfully received. Therefore, for a comprehensive support of the PDU Set integrated handling, in case of lost PDU, gNB should indicate the loss to the UE, e.g. through PDCP control PDU.
[bookmark: _Ref134706108]Proposal 8: In support of PDU Set integrated handling in UL, network can indicate the loss of a PDCP PDU to the UE (e.g. through PDCP control PDU).
Discard during congestion
Before discussing the details of congestion-based discard, it should be first discussed who detects the congestion, the NG-RAN or UE? In our understanding, NG-RAN should be responsible for detecting the congestion since it has more knowledge compared with UE. Once NG-RAN detects the congestion, it should notify UE to let the UE perform the congestion-based discard.
[bookmark: _Ref134706111]Proposal 9: NG-RAN is responsible for detecting the congestion, and once it detects the congestion, it should notify it to the UE.
The next question is, once congestion is indicated by NG-RAN, how does UE perform congestion-based discard? During RAN2#121 meeting, the following agreement was reached:
	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.


And in the previous RAN2 meetings, there were mainly two options mentioned for congestion-based discard: 
· Option 1: PDU Sets with different PSI can be configured with different PDCP discard timer lengths.
· Option 2: During congestion, PDU Set with lower PSI can be discarded.
For Option 1, traditionally, PDCP discard timer is configured based on the latency requirement (e.g., based on the PDB or PSDB). In [1] (see extract in Section 2.1.1), it is mentioned that one QoS flow is only corresponding to one PSDB or PDB. Therefore, it is questionable how will RAN derive the different timer values associated with different PSIs. Hence, we think Option 1 is not reasonable.
For Option 2, when congestion is indicated to the UE, UL PDU Set with lower PSI can be discarded right away in order to mitigate the congestion.  Which PSI can be discarded due to congestion can be configured by the network.  
[bookmark: _Ref131508325][bookmark: _Ref131074035]Moreover, SA4 agreed to support 16 importance levels in the RTP header extension [4]:
	-	PDU Set Importance [PSI] (4 bits): The PDU Set Importance field indicates the importance of this PDU Set compared to other PDU Sets within the same RTP stream. Lower values shall indicate a higher importance PDU Set with the highest importance PDU Set indicated by 0 and the lowest importance PDU Set indicated by 15.


Hence associating a different timer value to each importance level is overkill, complexity-wise, while Option 2 only requires configuring a threshold on the importance value to distinguish high-importance PDU Sets from low-importance PDU Sets. 
We can further refine Option 2 taking the PDU Set level discard timer into account. That is when congestion is indicated by NG-RAN, PDU Sets with higher PSI value(s) can be discarded irrespective of the PDCP discard timer (considering higher values indicate a lower importance PDU Set); and PDU Set with lower PSI value(s) can be discarded based on PDCP discard timer.
[bookmark: _Ref134706115]Proposal 10: In case of congestion:
· PDU Sets with higher PSI value(s) are discarded irrespective of the PDCP discard timer.
· PDU Sets with lower PSI value(s) are discarded when the PDCP discard timer expires.
Discard operation summary Table
Based on the discussion in section 2.1, 2.2 and 2.3, the below Table-2 summarizes the UE discard behaviors:
[bookmark: _Ref131519580]Table-2 Discard operation on UE side
	               Congestion 
PSI value
	No congestion 
	Congestion

	Lower PSI value(s)
	Discard based on PDCP discard timer or network indication as described in Section 2.1
	Discard based on PDCP discard timer or network indication

	Higher PSI value(s)
	
	Directly discard


[bookmark: _Ref134626373]PDCP discard timer modeling in PDCP specification
Another leftover issue is how to model the PDCP discard timer if it configured based on PSDB. In the previous RAN2 meetings, there are two options mentioned:
· Option 1: PDU Set PDCP discard timer is maintained per PDCP SDU. Once a PDCP discard timer expires, UE discards all the PDUs in the associated PDU Set.
· Option 2: One PDU Set PDCP discard timer is maintained per PDU set.
We understand the RAN2 agreement from last e-meeting (Section 1) still leaves the possibility of any of these two options. In SA2 stage 2 [3], it is described that:
	NOTE:	To enable support for PSDB, it is required that a maximum inter arrival time between the first received PDU and the last received PDU of a PDU Set complies with SLA. This maximum inter arrival time does not exceed PSDB. NG-RAN behaviour when the SLA is not fulfilled is out of scope of this specification.


Based on the above NOTE, it is obvious that PDUs within one PDU Set may arrive at different times. If Option 1 is used, in order to ensure the PSDB applies to the whole PDU Set, the actual used PDCP discard timer length for each PDU following the first PDU should be shorter than the configured PDCP discard timer (e.g., equals to the configured PDCP discard timer – time interval between this PDU and the first PDU in the same PDU Set), as shown in Figure-1.


Figure-1   PDCP discard timer maintenance (Option 1)
If Option 2 is used, the timer maintenance will be simpler, as shown in Figure-2:


Figure-2   PDCP discard timer maintenance (Option 2)

[bookmark: _Ref134706124]Proposal 11: If PDCP discard timer is configured based on PSDB, one single timer is modelled per PDU Set. When the 1st SDU of a PDU set is received, UE starts the PDCP discard timer, and when the PDCP discard timer expires, all SDUs belonging to this PDU Set should be discarded.
PDCP discard impact to lower layer
Regarding PDCP discard, the following has been captured in PDCP [6] and RLC [7] specifications:
	TS 38.323 
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 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.

TS 38.322
[bookmark: _Toc5722479][bookmark: _Toc37462999][bookmark: _Toc46502543][bookmark: _Toc124540528]5.4	SDU discard procedures
When indicated from upper layer (e.g. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC 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 transmitting side of an AM RLC entity shall not introduce an RLC SN gap when discarding an RLC SDU.


Based on the above descriptions, the following issues needs to be addressed:
· Issue 1: For XR service, whether PDCP should notify lower layers to discard the corresponding PDCP Data PDU which has already been submitted to lower layers in case of SDU discard?
· Issue 2: Whether the transmitter should notify the SN gap to reduce the PDCP reordering delay in the receiver?
Issue 1
Regarding Issue 1, considering the corresponding SDU has been discarded in PDCP due to PDCP discard timer expiry or congestion, it is reasonable to also discard the corresponding PDCP Data PDU which has been submitted to lower layers and the corresponding RLC SDU or RLC SDU segment that has not yet been submitted to MAC. There is no additional specification effort.
Issue 2
XR service supports both PDU set based discard and congestion based discard. In order to reduce the PDCP reordering latency in the receiver, some companies suggest that the transmitter can send indication to the receiver to notify the discarded data.  The same issue already exists in legacy system which also has to serve both high data rate (>10Mb/s) and time-critical services (10ms e2e latency) e.g. mobile robots – video streaming usecase in [8], but no such SN gap notification enhancement was deemed necessary in R16/17 URLLC WI in support of  such services.. Hence, we don’t think it is a critical issue either for XR. 
[bookmark: _Ref131074055]Proposal 12:  Once PDCP discards an SDU, it should notify RLC to discard the corresponding RLC SDU as in legacy. Further enhancement is not needed.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: Send LS to SA2/4 to ask for a new parameter (different from PSIHI) to be provided by CN to NG-RAN to indicate whether PDUs exceeding the PSDB should be discarded.
Proposal 2: Whether to discard PDUs exceeding the (PDB or PSDB) delay budget over Uu is enabled by configuring the PDCP discard timer(s), as in legacy.
Proposal 3: Only one PDCP discard timer length is configured per DRB. Its length can be determined by network either based on PSDB (in case of PSDB is configured) or PDB (in case of PSDB is not configured).
Proposal 4: A new RRC parameter can be introduced to inform the UE whether the PDCP discard timer is configured based on PDB or PSDB, either by introducing a new discardTimer or a new indicator in PDCP-config.
Proposal 5: A new per-DRB parameter (e.g. integratedHandlingPDU-Set) can be configured by network to control whether UE needs to perform PDU Set based discard.
Proposal 6: When the PDCP discard timer is configured based on PSDB, all PDUs of a PDU set are discarded when, from that PDU Set, any PDU is known to be lost or the PDCP timer expires, and this regardless of the integratedHandlingPDU-Set configuration.
Proposal 7: When the PDCP discard timer is configured based on PDB, or is not configured, and integratedHandlingPDU-Set is set to 1, all PDUs of a PDU set are discarded when, from that PDU Set, any PDU is known to be lost or the PDCP timer expires.
Proposal 8: In support of PDU Set integrated handling in UL, network can indicate the loss of a PDCP PDU to the UE (e.g. through PDCP control PDU).
Proposal 9: NG-RAN is responsible for detecting the congestion, and once it detects the congestion, it should notify it to the UE.
[bookmark: _GoBack]Proposal 10: In case of congestion:
· PDU Sets with higher PSI value(s) are discarded irrespective of the PDCP discard timer.
· PDU Sets with lower PSI value(s) are discarded when the PDCP discard timer expires.
Proposal 11: If PDCP discard timer is configured based on PSDB, one single timer is modelled per PDU Set. When the 1st SDU of a PDU set is received, UE starts the PDCP discard timer, and when the PDCP discard timer expires, all SDUs belonging to this PDU Set should be discarded.
Proposal 12:  Once PDCP discards an SDU, it should notify RLC to discard the corresponding RLC SDU as in legacy. Further enhancement is not needed.
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