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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the updated XR WID [1], discard operation of PDU Sets for DL and UL is listed under the objective of capacity enhancements. 
In this contribution, we discuss a couple of options for the timer-based discarding operation for XR and their specification impacts.
Discussions On the operation of timer-based PDU discard for XR
Option 1: one discardTimer per PDCP SDU 
In Option 1, a new timer is started upon reception of every PDCP SDU from upper layer, as in the legacy cases. However, different PDUs of a same PDU Set may arrive at the transmitting PDCP entity at slightly different time instances. Hence, if all the discardTimers associated with the same PDU Set are to expire at the same time, the transmitter may need to make corresponding adjustments to the initial values of different discardTimers associated with different PDCP SDUs belonging to the same PDU Set, increasing implementation complexity. A simpler solution is that every discardTimer associated with a same PDU Set is still started with the initial value that is configured via the RRC signaling, however, the expiry of any discardTimer among the discardTimers associated with the same PDU Set triggers the discarding of all PDUs (PDCP SDUs and PDCP PDUs) belonging to that PDU Set. Therefore, for Option 1, the following text changes to the latest TS 38.323 [2] may be considered, wherein pduSetSupport is an r18 IE to be introduced into the RRC spec, for inclusion into the PDCP-config and indicating that the associated DRB is configured to support the transfer of PDU Sets:
Start of changes to TS 38.323 for Option 1
[bookmark: _Toc37126954][bookmark: _Toc46492067][bookmark: _Toc46492175][bookmark: _Toc124547261]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 pduSetSupport is configured, when the discardTimer expires for any PDCP SDU received with a PDU Set SN from upper layer, the transmitting PDCP entity shall additionally discard all the other PDCP SDUs received with the same PDU Set SN value from upper layer, along with the corresponding PDCP Data PDUs. If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers. 
End of changes to TS 38.323 for Option 1

Option 2: one “discardTimer” per PDU Set 
In option 2, a new “discardTimer” is started upon receiving the first PDCP SDU of a PDU Set from upper layer, e.g., the PDCP SDU is received with a PDU Set SN from upper layer and the PDU Set SN value is received for the first time within a period of PSDB. The timer is associated with the PDU Set, e.g., associated with the PDU Set SN value. Hence, it may be better to introduce such timer as a separate timer, such as discardPDUSetTimer, to differentiate it from the legacy discardTimer. After that, within a period of PSDB, upon receiving a PDCP SDU with the same PDU Set SN value from upper layer, no additional discardTimer or discardPDUSetTimer is to be started. When the discardPDUSetTimer expires for the PDU Set SN value, the transmitting PDCP entity shall discard all PDCP SDUs received with the same PDU Set SN value from upper layer. Therefore, for Option 2, the following changes to the latest TS 38.323 [2] may be considered, wherein pduSetSupport is as previously described:
Start of changes to TS 38.323 for Option 2
[bookmark: _Toc12616331][bookmark: _Toc37126942][bookmark: _Toc46492055][bookmark: _Toc46492163][bookmark: _Toc124547249]5.1.2	PDCP entity re-establishment
When upper layers request a PDCP entity re-establishment, the UE shall additionally perform once the procedures described in this clause for Uu or PC5 interface. After performing the procedures in this clause, the UE shall follow the procedures in clause 5.2.
When upper layers request a PDCP entity re-establishment, the transmitting PDCP entity shall:
-	for UM DRBs and AM DRBs, reset the ROHC protocol for uplink and start with an IR state in U-mode (as defined in RFC 3095 [8] and RFC 4815 [9]) if drb-ContinueROHC is not configured in TS 38.331 [3];
-	for UM DRBs and AM DRBs, reset the EHC protocol for uplink if drb-ContinueEHC-UL is not configured in TS 38.331 [3];
-	for AM DRBs, reset the UDC compression buffer to all zeros and prefill the dictionary if drb-ContinueUDC is not configured in TS 38.331 [3];
-	for SRBs and UM DRBs, set TX_NEXT to the initial value;
-	for SRBs, discard all stored PDCP SDUs and PDCP PDUs;
-	apply the ciphering algorithm and key provided by upper layers during the PDCP entity re-establishment procedure;
-	apply the integrity protection algorithm and key provided by upper layers during the PDCP entity re-establishment procedure;
-	for UM DRBs, for each PDCP SDU already associated with a PDCP SN but for which a corresponding PDU has not previously been submitted to lower layers, and;
-	for AM DRBs for Uu interface whose PDCP entities were suspended, from the first PDCP SDU for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by lower layers, for each PDCP SDU already associated with a PDCP SN:
-	consider the PDCP SDUs as received from upper layer;
-	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 discardPDUSetTimer, as specified in clause 5.2.1;

<Second changes for Option 2>
[bookmark: _Toc37126945][bookmark: _Toc46492058][bookmark: _Toc46492166][bookmark: _Toc124547252]5.1.5	PDCP entity reconfiguration
When upper layers reconfigure the PDCP entity to configure DAPS, the UE shall:
-	establish a ciphering function for the radio bearer and apply the ciphering algorithm and key provided by upper layers for the ciphering function;
-	establish an integrity protection function for the radio bearer and apply the integrity protection algorithm and key provided by upper layers for the integrity protection function;
-	establish a header compression protocol for the radio bearer and apply the header compression configuration provided by upper layers for the header compression protocol.
When upper layers reconfigure the PDCP entity to release DAPS, the UE shall:
-	release the ciphering function associated to the released RLC entity for the radio bearer;
-	release the integrity protection function associated to the released RLC entity for the radio bearer;
-	release the header compression protocol associated to the released RLC entity for the radio bearer.
NOTE 1:	The state variables which control the transmission and reception operation should not be reset, and the timers including t-Reordering, discardTimer, and discardPDUSetTimer keep running during PDCP entity reconfiguration procedure.

<Third changes for Option 2>
[bookmark: _Toc12616335][bookmark: _Toc37126947][bookmark: _Toc46492060][bookmark: _Toc46492168][bookmark: _Toc124547254]5.2.1	Transmit operation
At reception of a PDCP SDU from upper layers, the transmitting PDCP entity shall:
-	if pduSetSupport is configured and the PDCP SDU is received with a PDU Set SN from upper layer:
-	start the discardPDUSetTimer associated with this PDU Set SN value.
-	else:
-	start the discardTimer associated with this PDCP SDU (if configured).

<Fourth changes for Option 2>
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 pduSetSupport is configured, when the discardPDUSetTimer expires for a PDU Set SN value, the transmitting PDCP entity shall discard all PDCP SDUs received with the same PDU Set SN value from upper layer, along with the corresponding PDCP Data PDUs. If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers. 

<Fifth changes for Option 2>
[bookmark: _Toc12616389][bookmark: _Toc37127017][bookmark: _Toc46492134][bookmark: _Toc46492242][bookmark: _Toc124547339]7.3	Timers
The transmitting PDCP entity shall maintain the following timers:
a) 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.
b) discardPDUSetTimer, if pduSetSupport is configured
This timer is configured only for DRBs and only if pduSetSupport is configured. 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 with a PDU Set SN from upper layer, the PDU Set SN value being received for the first time within a period of PSDB.
End of changes to TS 38.323 for Option 2

Comparison between Options 1 and 2
We think both Options 1 and 2 would work. As one can see, Option 1 has less impact to the PDCP spec than Option 2, but the transmitting PDCP entity needs to maintain more discard timers in Option 1 than in Option 2, if strictly following the PDCP spec. 
Both Options 1 and 2 require introducing pduSetSupport to the RRC spec. Option 1 may require additional timer values to be specified for the discardTimer in the RRC spec. Option 2 require introducing discardPDUSetTimer to the RRC spec. Therefore, Options 1 and 2 have similar level of impact to the RRC spec.
We propose that RAN2 study both Options 1 and 2, as described above, and select one of them to be specified. (FFS: whether implementations can follow the other.) 
Proposal 1. RAN2 study both Options 1 and 2, as described above, and select one of them to be specified.
Proposal 2. RAN2 consider the above proposed text changes to TS 38.323 corresponding to the selected option.
[bookmark: _Ref129681832]Conclusions
The followings are proposed:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1. RAN2 study both Options 1 and 2, as described above, and select one of them to be specified.
Proposal 2. RAN2 consider the above proposed text changes to TS 38.323 corresponding to the selected option.
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