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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Regarding to PDCP discard, the following has been captured in [1]:
	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.
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.


In this contribution, the detailed discard operation will be further discussed.
Discussion
PDCP discard in DL
For DL, the PDCP discard is handled by network. How network implement it depends on network implementation, no specification effort is needed.
[bookmark: _Ref131074031]Proposal 1:  For DL, PDCP discard can be left to network implementation.
PDCP discard in UL
The need to have a congestion-state specific discard operation is expressed in both SA2 and RAN2:
SA2 TS23.501 clause 5.37.x.2 [1]:
	The NG-RAN may use the PDU Set Importance within a QoS Flow for PDU Set level packet discarding in presence of congestion.


RAN2 TR38.835 clause 5.3.2 [2]:
	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.


From the above, we think the PDCP discard should consider both congestion and non-congestion cases. For the congestion case, a congestion state needs to be identified either by the UE or the network. We think it is both safer and simpler that such state is detected by the network, and it is also an SA2 request that, when it occurs, it is reported to the CN [3]. It therefore became an explicit objective of the WID [4]. As a baseline, we would consider RRC for such indication. It can be discussed later whether this is fast-enough or if congestion state is expected to undergo fast variations. 
Proposal 2: Network indicates the congestion state to UE. RRC signaling can be baseline.
PDU Set discard based on congestion
During the last RAN2 meeting, the PDU Set discard due to congestion was initially discussed and we reached the following agreement:
	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.


In the last RAN2 meeting, there were mainly two options for considering how PSI would differentiate discarding of PDU Sets: 
· Option 1: PDU Sets with different PSI can be configured with different PDCP discard timers.
· 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). Moreover, SA2 confirmed in TS23.501 “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” [5] as well as “PSDB applies to the DL PDU Set received by the PSA UPF over the N6 interface, and to the UL PDU Set sent by the UE” [5]. Therefore, it is questionable how will RAN derive the different timer values associated with different PSIs. Finally, considering the higher complexity, specification and implementation-wise, we think it is not reasonable to configure the PDCP discard timer based on PSI. 
For Option 2, when congestion is detected by the network and signaled to the UE, UL PDU Set with lower PSI can be discarded in order to mitigate the congestion.  Which PSI can be discarded due to congestion can be configured by the network.  The configuration granularity can be per cell, per UE or per DRB. Which one is the most appropriate can be further discussed if Option 2 is agreed. 
[bookmark: _Ref131508325][bookmark: _Ref131074035]Proposal 3: When congestion is detected, which PSI can be discarded (i.e. “lower” PSI) is configured by network.
We can refine further the solution of Option 2, taking the PDU Set level discard timer into account. Indeed, different behaviors regarding the handling of PDU Sets with different PSIs can be defined, considering PSDB: when congestion is detected, PDU Sets with lower PSI can be discarded (per Proposal 3) irrespective of the PSDB, i.e. the transmitter could discard the whole PDU Set with lower PSI even before transmitting the  first PDU. And differently, when congestion is detected, PDU Sets with higher PSI would only be discarded when exceeding PSDB.
Proposal 4: When congestion is detected:
· PDU Sets with lower PSI are discarded irrespective of the PSDB discard timer.
· PDU Sets with higher PSI are discarded when the PSDB discard timer expires.
PDU Set discard outside congestion (steady state)
We addressed this case in [6] showing the need, based on SA4’s inputs [7], for a new PDU Set QoS parameter from CN, e.g. discardOutdatedPDU-Set telling RAN whether PDU Sets exceeding the PSDB can be discarded. Indeed, similar to legacy PDB, a PDU Set delay budget can be provided from CN to RAN for an UL QoS flow, for the only purpose of RAN to configure appropriately its UL scheduler, but that does not necessarily result in gNB configuring a PDCP discard timer for the associated DRB. We also explain in [6] why PSIHI cannot be used for that, (PSIHI can be set so that RAN only delivers complete PDU Sets over Uu, but is does not mean late (but complete) PDU Sets should not be delivered) and issue the following Table, summarizing the UE behavior, in steady state.
Note the below parameters PSIHI and PSDB in Table 2 are the QoS flow parameters (as part of QoS profile) provided by CN, but their conversion into RRC parameters is to be further studied as part of the stage 3 design details. For example the PSDB configured by CN could be used for both the PDU Set discard timer in PDCP, as well as for the UE to compute the “remaining time” information reported to the gNB. For these purposes, one common or two separate RRC parameters could be used. Similarly, whether to discard outdated UL PDU Sets could be implicitly configured by the associated PDCP timer configuration. On the other hand, if the same PDCP timer is also used for the UE to compute the remaining time, an explicit RRC parameter would be needed to control whether to discard outdated UL PDU Sets for a DRB.
Table 1: UE behaviour on UL PDUs and PDU Sets based on PDU Set QoS parameters PSDB, PSIHI in steady state (no congestion)
	
	PSDB not configured
	PSDB configured

	PSIHI = 0
	Legacy: if PDCP discard timer is configured, PDCP PDUs exceeding PDB are discarded
	New PDCP timer, if configured, applies at PDU set level.
If network configured the DRB to discard outdated PDU Sets, all PDUs of a PDU Set are discarded whenever the above PDCP timer expires.

	PSIHI = 1
	All PDUs of a PDU set are discarded whenever:
· Any PDU is lost due to max nb of HARQ ReTx reached in RLC UM
· Any PDU of the PDU Set is discarded by above PDCP discard timer, if  configured
	Same as above +
All PDUs of a PDU set are discarded whenever any PDU is lost due to max nb of HARQ ReTx reached in RLC UM


Proposal 5: Outside congestion, whether a PDU set is discarded when exceeding the PSDB is configured by the network at DRB level. This parameter is different from PSIHI.
Summary Table
The below Table summarizes the discarding behavior during and outside congestion based on PSI and PSDB:
[bookmark: _Ref131519580]Table 2: UE behaviour regarding PDU Set discarding in and outside congestion
	PSI \ Congestion state
	No congestion 
	Congestion

	High PSI
	If network configured the DRB to discard outdated PDU Sets, all PDUs of a PDU Set are discarded whenever the PDU Set discard timer expires
	PDU Set discard based on PSDB discard timer

	Low PSI
	
	Discard


 PDU Set discard configuration and implementation
Regarding PDU Set discard operation, the following issues need to be addressed:
· Issue 1: How to configure the PDCP discard timer?
· Issue 2: How to maintain the PDCP discard timer?
Issue 1
In legacy Uu, PDCP discard timer is configured per DRB based on the PDB of this DRB. For XR, according to [1], it stated that “When the PSDB is available, the PSDB supersedes the PDB” [5] and “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” [5]. Hence, it is obvious that for XR service, one DRB can only be associated with one latency requirement, either PSDB or PDB. In order to meet the latency requirement, one PDCP discard timer length configuration is enough. If PSDB is provided by CN, network can configure the PDCP discard timer based on PSDB; and if PSDB is not provided by CN, network can configure the PDCP discard timer based on PDB.
[bookmark: _Ref131074042]Proposal 6: For XR services, PDCP discard timer is configured at DRB level, as in legacy.
Issue 2
How to maintain the PDU Set PDCP discard timer should be further discussed. There are three options as mentioned in the last RAN2 meeting:
· Option 1: PDU Set PDCP discard timer is maintained per PDCP SDU as in the legacy. 
· Option 2: One PDU Set PDCP discard timer is maintained per PDU set.
· Option 3: Configurable by network either to use Option 1 or Option 2.
Comparing the above three options, Option 3 can be first excluded since it will introduce additional specification effort to choose which option is really used, but the gain is not obvious.  
For Option 1, if PDCP discard timer is maintained per PDCP SDU, the following two scenarios need to be considered: 
· Scenario 1: PDUs within one PDU set arrive at the same time;
· Scenario 2: PDUs within one PDU set arrive at different time.
Although challenged by some companies, Scenario 2 is valid per the below TS23.501 extract [5]:
	[bookmark: _Hlk124764114]NOTE 1:	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 behavior when the SLA is not fulfilled is implementation specific and out of scope of this specification.


Under these two different scenarios, the PDCP discard timer maintenance is shown in Figure-1. For scenario 1, it works well. While for scenario 2, there is some problem. As shown in scenario 2 of Figure-1, if the first SDU (PDU1) was successfully transmitted and the second SDU (PDU2) experienced discard timer expiry, than the whole PDU set will be discarded. In this case, the real tolerated latency of this PDU set may already exceed the PSDB of the PDU set. In order to solve this problem, enhancement on discard timer maintenance should be introduced, e.g., the length of the PDCP discard timer of the second SDU (PDU2) can be set to the difference value of the configured PDCP discard timer length and T1. This will introduce additional specification effort.                                 



Figure-1: PDCP discard timer maintenance in Option 1
For Option 2, the PDCP discard timer maintenance is shown in Figure-2. In this option, the PDCP discard timer can be started once the 1st SDU of the PDU set is received, once it expires, all the SDUs belonging to the same PDU set can be discarded. 


Figure-2: PDCP discard timer maintenance in Option 2
Based on the above analysis, Option 1 has more specification effort compared with Option 2. Hence, Option 2 is preferred.
[bookmark: _Ref131074047]Proposal 7:  One single PDCP discard timer should be maintained per PDU set.
[bookmark: _Ref131074051]Proposal 8: When the 1st SDU of a PDU set is received, UE should start the PDU set specific PDCP discard timer, and when the PDCP discard timer expires, all the SDUs from this PDU set should be discarded.
PDCP discard impact to lower layer
Regarding to the PDCP discard, the following has been captured in [8] and [9]:
	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 [6]
[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 [10], 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 9: Once PDCP SDU is discarded in PDCP, it should notify RLC to discard the corresponding RLC SDU as legacy. Further enhancement is not needed.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1:  For DL, PDCP discard can be left to network implementation.
Proposal 2: Network indicates the congestion state to UE. RRC signaling can be baseline.
Proposal 3: When congestion is detected, which PSI can be discarded (i.e. “lower” PSI) is configured by network.
Proposal 4: When congestion is detected:
· PDU Sets with lower PSI are discarded irrespective of the PSDB discard timer.
· PDU Sets with higher PSI are discarded when the PSDB discard timer expires.
Proposal 5: Outside congestion, whether a PDU set is discarded when exceeding the PSDB is configured by the network at DRB level. This parameter is different from PSIHI.
Proposal 6: For XR services, PDCP discard timer is configured at DRB level, as in legacy.
Proposal 7:  One single PDCP discard timer should be maintained per PDU set.
Proposal 8: When the 1st SDU of a PDU set is received, UE should start the PDU set specific PDCP discard timer, and when the PDCP discard timer expires, all the SDUs from this PDU set should be discarded.
Proposal 9: Once PDCP SDU is discarded in PDCP, it should notify RLC to discard the corresponding RLC SDU as legacy. Further enhancement is not needed.
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