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1. Introduction
[bookmark: Proposal_Pattern_Length]This document discusses three of the identified open issues related to the discard enhancements aiming to provide further technical details as well as to suggest corresponding TPs to be considered in the running CR to TS 38.323. The topics address here are 1) PDU Set discard when PDUs arrive at different instances, 2) the need of discardTimerForLowImportance for PSI discard and 3) the ddependency between PSI discard and PDU Set discard. 
[bookmark: _Ref126879705]Discussion
[bookmark: _Toc126878682][bookmark: _Ref131417978]PDU Set discard when PDUs arrive at different instances
It was agreed that PDU Set discard mechanism applies even when PDUs of a PDU Set arrive at different instances of time and this would be enabled using existing PDCP discard timer. 
RAN2#123
· [bookmark: _Hlk149691021]PDCP discard timer for PDU sets supports cases where PDUs of a PDU Set arrive at different instances of time
RAN2 #121bis-e
· PDU set discard is modelled using the existing PDCP discard timer for the uplink. The timer is in network control.
XR running CR to 38.323 has updated the actions captured in the SDU discard as follows:
When 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. 
When the discardTimer or discardTimerForLowImportance expires for a PDCP SDU, the transmitting PDCP entity shall:
-	if pdu-SetDiscard is configured:
-	discard all PDCP SDUs belonging to the PDU Set to which the PDCP SDU belongs along with the corresponding PDCP Data PDUs;
-	else:
-	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.
During [POST123bis][026] email discussing, an issue I_002 was explained and Rapp captured the following open issue – “Handling of discardTimer when a PDCP SDU is discarded by ACK in PDCP status report if PDU Set discard is configured” and proposed the following options to solve it:
· Option A: discardTimer is stopped (and disabled because PDCP SDU is discarded)
· Option B: discardTimer is kept running until expiry even if the PDCP SDU is discarded.
In our understanding, the issue to be solved/discussed have more complexity that is currently not mentioned e.g., how PDU Set based discard is performed when PDUs of a PDU Set arrive at different instance of time. In addition, how option A) would work in relation to that open point just mentioned is unclear. Therefore this document aims to further clarify the issue I_002 raised during the email discussion and proposed solutions.
During RAN2#123 online discussion, it was explained that TS 38.323 does not capture anything on the ongoing discardTimer associated with a PDCP SDU discarded by Tx (when PDCP status report confirms its successful delivery to the Rx). Therefore, this timer could still be applied to perform PDU Set based discard for SDUs that may arrive at different instance of time. However, during Post123bis email discussion, it was commented that this might not be guaranteed for legacy discardTimer operation (i.e., without having pdu-SetDiscard configured). For legacy operation, this is not an issue as that discardTimer (i.e., associated with a PDCP SDU discarded by Tx when PDCP status report confirms its successful delivery to the Rx) is not expected to be used by UE after the corresponding PDCP SDU is discarded. However, if the timer is stopped at SDU discard, it cannot be applied for PDU set discard for XR.  Hence the timer operation has to be unambiguous for XR unless a new/additional timer (e.g., pduSetDiscardTimer) is defined. In addition, this timer needs to account for any SDU of a given PDU set which could include SDUs which are already part of UE’s buffers as well as newly arriving after timer expiry.
[bookmark: _Toc149811325][bookmark: _Toc149695944][bookmark: _Toc149831565][bookmark: _Toc149831898]For legacy discardTimer, it is not an issue that there is an ambiguity on how UE handles the ongoing discardTimer associated with a PDCP SDU which is discarded by Tx when PDCP status report confirms its successful delivery to the Rx. However, the timer operation has to be clarified for XR unless a new/additional timer (e.g., pduSetDiscardTimer) is defined.
[bookmark: _Ref149811110][bookmark: _Toc149811326][bookmark: _Toc149831566][bookmark: _Toc149831899]When PDU Set discard is configured to UE, the expiry of a discardTimer of a SDU should trigger the discard of all remaining SDUs associated with the same PDU Set. This could include SDUs which are already part of UE’s buffers as well as newly arriving ones.
Proposal 1. [bookmark: _Ref149692232][bookmark: _Toc149695947][bookmark: _Toc149811328][bookmark: _Toc149831568][bookmark: _Toc149831901]TP in 38.323 shall clearly capture how PDCP discard operation works when pdu-SetDiscard is configured and SDUs of a PDU set arrives at different instances of time. 
Proposal 2. [bookmark: _Toc149695948][bookmark: _Toc149811329][bookmark: _Toc149831569][bookmark: _Toc149831902]To confirm that scenario of Proposal 1 is modelled using a single discardTimer (instead of defining a new/additional pduSetDiscardTimer timer) when having to discard remaining SDUs of a given PDU Set which could include SDUs that are existing in UE’s buffer as well as newly arriving SDUs of that PDU set. 
In our understanding, there was a large support to only model a single timer, therefore we suggest capturing a simple clarification to explain that UE shall keep it running and when the discardTimer (associated with a successful delivery of a PDCP SDU) expires, it would trigger the discard of the other PDUs belonging to the same PDU Set. The following are different approaches on how to capture this behaviour:
Option 1) Procedural text is updated to add UE expected behaviour.
“When 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 and if pdu-SetDiscard is configured, its associated discardTimer is kept running. 
When the discardTimer or discardTimerForLowImportance expires for a PDCP SDU, the transmitting PDCP entity shall:
-	if pdu-SetDiscard is configured:
-	discard all PDCP SDUs belonging to the PDU Set to which the PDCP SDU belongs along with the corresponding PDCP Data PDUs;
-	else:
-	discard the PDCP SDU along with the corresponding PDCP Data PDU.”
Option 2) A note clarifies UE expected behaviour.
“When 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.
When the discardTimer or discardTimerForLowImportance expires for a PDCP SDU, the transmitting PDCP entity shall:
-	if pdu-SetDiscard is configured:
-	discard all PDCP SDUs belonging to the PDU Set to which the PDCP SDU belongs along with the corresponding PDCP Data PDUs;
-	else:
-	discard the PDCP SDU along with the corresponding PDCP Data PDU.
NOTE: If pdu-SetDiscard is configured, the discardTimer associated to a successful delivery of a PDCP SDU is kept running to allow UE to perform PDU Set based discard. “
When pdu-SetDiscard is configured, upon expiry of discardTimer (associated with a successful delivery of a PDCP SDU), new UE behaviour is expected. Therefore option 1) is preferable to guarantee that all UEs behave as required.
Proposal 3. [bookmark: _Toc127445009][bookmark: _Toc127461546][bookmark: _Toc127464422][bookmark: _Toc127464494][bookmark: _Ref131416465][bookmark: _Toc131421293][bookmark: _Toc131422702][bookmark: _Toc131492636][bookmark: _Toc131603858][bookmark: _Toc131684214][bookmark: _Toc131718309][bookmark: _Toc131718483][bookmark: _Toc134568497][bookmark: _Toc134738582][bookmark: _Toc134738617][bookmark: _Ref142044143][bookmark: _Toc142051010][bookmark: _Toc142390932][bookmark: _Toc142562229][bookmark: _Toc146654898][bookmark: _Toc146791114][bookmark: _Toc146791159][bookmark: _Toc149690769][bookmark: _Toc149695949][bookmark: _Toc149811330][bookmark: _Toc149831570][bookmark: _Toc149831903]To capture in the procedural text of 38.323 that if pdu-SetDiscard is configured, its associated discardTimer is kept running when the transmitting PDCP entity discards the PDCP SDU due to a successful delivery of a PDCP SDU confirmed by PDCP status report (e.g., as shown in TP captured above in option 1)).
In our understanding, current TP in running CR to 38.323 is unclear on how UE may still need to perform discard of future (i.e., newly arrival SDUs as explained in Observation 2) that are associated with the PDU Set that was triggered to be discarded upon expiry of a discardTimer associated to an earlier SDU of the same PDU Set. The TP could be updated for example as follows:
“When the discardTimer or discardTimerForLowImportance expires for a PDCP SDU, the transmitting PDCP entity shall:
-	if pdu-SetDiscard is configured:
-	discard all PDCP SDUs belonging to the PDU Set (including newly arriving ones) to which the PDCP SDU belongs along with the corresponding PDCP Data PDUs;
-	else:
-	discard the PDCP SDU along with the corresponding PDCP Data PDU.”
Proposal 4. [bookmark: _Toc149811331][bookmark: _Toc149831571][bookmark: _Toc149831904]To clearly state in the procedural text of 38.323 that PDU Set discard is also applicable to newly arriving SDUs (e.g., by adding the following in the discard statement “discard all PDCP SDUs belonging to the PDU Set (including newly arriving ones) to which the PDCP SDU belongs along with the corresponding PDCP Data PDUs”).


Need of discardTimerForLowImportance for PSI discard
It was agreed that PSI discard mechanism is enabled by using different discard timer value for low priority PSU and discard related enhancements would be enabled using existing PDCP discard timer. 
RAN2#123bis
·  We will use a discard timer mechanism for the low importance PDU set.  We will allow a value of zero for the timer.    The running discard timers are not changed.   
· It is up to UE implementation to determine which PSI levels will apply the discard mechanism 
· the gNB signals an activation/deactivation indication (e.g. when congestion situation is detection) 
· activation/deactivation is signaled using an ON/OFF mechanism on a per UE basis.  Introduce new MAC CE.  
RAN2 #122
· PDU-set discard indication for UL is configured using RRC to handle the PDU Set based discard functionality (i.e. whether UE discards all packets in PDU set when one PDU is discarded). The configuration is per PDCP entity.
· Network indicates UE to apply PSI-based XR discard mechanism via dedicated signalling. 
RAN2 #121bis-e
· PDU set discard is modelled using the existing PDCP discard timer for the uplink. The timer is in network control.
During [POST123bis][026] email discussing, multiple companies raise the concern that it is preferable to model PSI behaviour reusing same discardTimer as it was agreed during the meeting. A corresponding issue is captured as follows concurrent running of discardTimer and discardTimerForLowImportance and the following options are proposed by email discussion Rapporteur:
· Option A: only one timer is running
· Option B: two timers can be running concurrently 
· Option B-1: when PSI based SDU discard is activated
· Option B-2: when PSI based SDU discard is configured
Our preference is also keep the modeling agreement, i.e. use a single discard timer, unless any technical concerns are found. 
Running CR to TS 38.323 currently capture the following new definition:
b) discardTimerForLowImportance
This timer is configured only for DRBs. The duration of the timer is configured by upper layers TS 38.331 [3]. In the transmitter, a new timer is started upon reception of an SDU belonging to a low importance PDU Set from upper layer if psi-BasedDiscard is configured and PSI based SDU discard is activated.
In our understanding, the corresponding new behaviour could be described within the definition of discardTimer, for example as follows:
[bookmark: _Toc127444998][bookmark: _Toc127444999][bookmark: _Toc127445000][bookmark: _Toc127445001][bookmark: _Toc127445002][bookmark: _Toc134568491][bookmark: _Toc134568492][bookmark: _Toc131492629][bookmark: _Toc131492630][bookmark: _Toc131492631][bookmark: _Toc131492632][bookmark: _Toc131492633]a) discardTimer
[bookmark: _Hlk149695290]This timer is configured only for DRBs. The duration of the timer is configured by upper layers TS 38.331 [3]. In the transmitter, a new timer is started upon reception of an SDU from upper layer. When psi-BasedDiscard is configured and PSI based SDU discard is activated, this new timer is set to discardTimerForLowImportance for SDU belonging to a low importance PDU Set.
The other changes proposed for the new discardTimerForLowImportance would not be required, as it is shown below in yellow highlighted, this new timer and discardTimer follow the same behaviour except when checking which value to use or start as it is shown below in blue highlighted. However, this would not be required if the corresponding text would be capture in the updated definition of discardTimer, for example as shown in TP above in green highlighted.
[bookmark: _Toc12616331][bookmark: _Toc37126942][bookmark: _Toc46492055][bookmark: _Toc46492163][bookmark: _Toc139052312]5.1.2	PDCP entity re-establishment
<text omitted>
-	perform transmission of the PDCP SDUs in ascending order of the COUNT value associated to the PDCP SDU prior to the PDCP re-establishment without restarting the discardTimer or the discardTimerForLowImportance, as specified in clause 5.2.1;
<text omitted>
[bookmark: _Toc12616335][bookmark: _Toc37126947][bookmark: _Toc46492060][bookmark: _Toc46492168][bookmark: _Toc139052317]5.2.1	Transmit operation
At reception of a PDCP SDU from upper layers, the transmitting PDCP entity shall:
-	if psi-BasedDiscard is configured and PSI based SDU discard is activated, and the PDCP SDU belongs to a low importance PDU Set:
-	start the discardTimerForLowImportance associated with this PDCP SDU (if configured);
-	else:
-	start the discardTimer associated with this PDCP SDU (if configured).
NOTE 1:	Identification of PSI of a PDU Set and determination of low importance PDU Set are left up to UE implementation.
<text omitted>
[bookmark: _Toc37126954][bookmark: _Toc46492067][bookmark: _Toc46492175][bookmark: _Toc139052324]5.3	SDU discard
When 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. 
When the discardTimer or discardTimerForLowImportance expires for a PDCP SDU, the transmitting PDCP entity shall:
-	if pdu-SetDiscard is configured:
-	discard all PDCP SDUs belonging to the PDU Set to which the PDCP SDU belongs along with the corresponding PDCP Data PDUs;
-	else:
-	discard the PDCP SDU along with the corresponding PDCP Data PDU.
<text omitted>

[bookmark: _Toc149695945][bookmark: _Toc149811327][bookmark: _Toc149831567][bookmark: _Toc149831900]The behaviour of discardTimer or discardTimerForLowImportance are the same except when the new discardTimerForLowImportance is used (i.e., if psi-BasedDiscard is configured and PSI based SDU discard is activated, and the PDCP SDU belongs to a low importance PDU Set). 
Proposal 5. [bookmark: _Ref149695206][bookmark: _Toc149695950][bookmark: _Toc149811332][bookmark: _Toc149831572][bookmark: _Toc149831905]PSI discard is enabled using only discardTimer as it was agreed in RAN2#123bis (i.e., “We will use a discard timer mechanism for the low importance PDU set.”). I.e., discardTimerForLowImportance is not used.
Proposal 5.1. [bookmark: _Toc149695951][bookmark: _Toc149811333][bookmark: _Toc149831573][bookmark: _Toc149831906]If Proposal 4 is confirmed, to add new discardTimer behaviour in section 7.3 of TS 38.323, e.g. adding “discardTimer à This timer is configured only for DRBs. The duration of the timer is configured by upper layers TS 38.331 [3]. In the transmitter, a new timer is started upon reception of an SDU from upper layer. When psi-BasedDiscard is configured and PSI based SDU discard is activated, this new timer is set to discardTimerForLowImportance for SDU belonging to a low importance PDU Set.”

Dependency between PSI discard and PDU Set discard
During [POST123bis][026] email discussing, the following open issue is captured: Dependencies between PDU Set discard and PSI based SDU discard, and the following options were proposed by email Rapporteur:
· Option A: Independent functions
· Option B: PSI based SDU discard can be activated only when PDU Set discard is configured
This open issue was raised by the following input:
	E_01
	PSI and PDU Set discard dependence
	PSI based discarding is a sub solution to PDU Set discarding. That has been clear from the first agreement and been the assumption in all discussions. However with current structure it seems one could activate PSI based discarding and not PDU Set discarding. Either we add a dependence that one cant activate PSI based discarding without PDU Set discarding configured or the text in 5.3 is changed to something like this:
- if pdu-SetDiscard is configured or psi-BasedDiscard is activated:
- discard all PDCP SDUs belonging to the PDU Set to which the PDCP SDU belongs along with the corresponding PDCP Data PDUs;
	No change.
I don’t agree that PSI based discarding is a sub solution to PDU Set discarding. There was no agreement on the dependencies between two functions.
E_answer - PDU Set Importance has been discussed as a means to discard low importance PDU Sets. If companies have different views (which seem to be the case here), we are fine to continue discussion in the next meeting and for now we just keep it open in the running CR. We can add an editor's note to highlight that this aspect is open and need discussion.
Rapporteur - I put it on the open issue list.



Previous section is explained how PSI discard mechanism is modeled reusing PDU Set discard (which is referred as “discard timer mechanism” in RAN2#123bis agreement. In addition, we explained how TP to 38.323 seems same for both with a minor part. Therefore, it seems reasonable that if UE support PSI discard, it shall also support PDU Set discard understanding that PSI discard relies in similar timer discard mechanism applied only to low priority PSI.
Proposal 6. [bookmark: _Toc149695952][bookmark: _Toc149811334][bookmark: _Toc149831574][bookmark: _Toc149831907]UE supporting PSI discard shall also indicate the support of PDU Set discard. If this is agreed, XR UE capability draftCR to 38.306 is updated accordingly.


1. Conclusion
The observations captured are the following:
Observation 1.	For legacy discardTimer, it is not an issue that there is an ambiguity on how UE handles the ongoing discardTimer associated with a PDCP SDU which is discarded by Tx when PDCP status report confirms its successful delivery to the Rx. However, the timer operation has to be clarified for XR unless a new/additional timer (e.g., pduSetDiscardTimer) is defined.
Observation 2.	When PDU Set discard is configured to UE, the expiry of a discardTimer of a SDU should trigger the discard of all remaining SDUs associated with the same PDU Set. This could include SDUs which are already part of UE’s buffers as well as newly arriving ones.
Observation 3.	The behaviour of discardTimer or discardTimerForLowImportance are the same except when the new discardTimerForLowImportance is used (i.e., if psi-BasedDiscard is configured and PSI based SDU discard is activated, and the PDCP SDU belongs to a low importance PDU Set).
The proposals captured are the following:
Proposal 1.	TP in 38.323 shall clearly capture how PDCP discard operation works when pdu-SetDiscard is configured and SDUs of a PDU set arrives at different instances of time.
Proposal 2.	To confirm that scenario of Proposal 1 is modelled using a single discardTimer (instead of defining a new/additional pduSetDiscardTimer timer) when having to discard remaining SDUs of a given PDU Set which could include SDUs that are existing in UE’s buffer as well as newly arriving SDUs of that PDU set.
Proposal 3.	To capture in the procedural text of 38.323 that if pdu-SetDiscard is configured, its associated discardTimer is kept running when the transmitting PDCP entity discards the PDCP SDU due to a successful delivery of a PDCP SDU confirmed by PDCP status report (e.g., as shown in TP captured above in option 1)).
Proposal 4.	To clearly state in the procedural text of 38.323 that PDU Set discard is also applicable to newly arriving SDUs (e.g., by adding the following in the discard statement “discard all PDCP SDUs belonging to the PDU Set (including newly arriving ones) to which the PDCP SDU belongs along with the corresponding PDCP Data PDUs”).
Proposal 5.	PSI discard is enabled using only discardTimer as it was agreed in RAN2#123bis (i.e., “We will use a discard timer mechanism for the low importance PDU set.”). I.e., discardTimerForLowImportance is not used.
Proposal 5.1.	If Proposal 4 is confirmed, to add new discardTimer behaviour in section 7.3 of TS 38.323, e.g. adding “discardTimer  This timer is configured only for DRBs. The duration of the timer is configured by upper layers TS 38.331 [3]. In the transmitter, a new timer is started upon reception of an SDU from upper layer. When psi-BasedDiscard is configured and PSI based SDU discard is activated, this new timer is set to discardTimerForLowImportance for SDU belonging to a low importance PDU Set.”
Proposal 6.	UE supporting PSI discard shall also indicate the support of PDU Set discard. If this is agreed, XR UE capability draftCR to 38.306 is updated accordingly.


