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1. [bookmark: _Toc18413600][bookmark: _Toc18404533][bookmark: _Toc18403966]Introduction
For XR applications, it was agreed that the PDCP entity can discard certain PDUs to improve the overall system capacity and performance. At RAN2#124 meeting, it was further discussed whether it is useful for the transmitting PDCP entity to inform the receiving PDCP entity about the discarded PDCP PDUs [1]. Although there was a majority view to enable the discard notifications to the peer entity, there was no final agreement on this aspect. At RAN#102, an updated WID for XR was agreed for Rel-19 and in this WID there was an objective added to specify a mechanism for transmitter to inform the receiver SN gap (of missing SNs) in PDCP if justified. Although this can be specified in Rel-19, it is useful already from Rel-18 where the PDCP discard functionality has been specified and delaying this feature seems not ideal. Given this situation, in this contribution, we will further discuss this issue and propose to adopt a mechanism to inform the receiver about discarded PDCP PDUs already in Rel-18.
2. Discussion
2.1. About PDU format for PDCP discarding notification
The PDCP PDU discarding may cause PDCP SN gap, which may cause the reception window stalling and increase the PDCP PDU delivery delay from PDCP reception window to the upper layer for PDCP PDUs reordering. So, in order to avoid these issues, the PDCP transmitting entity should notify about the discarded PDUs as soon as possible to the receiving PDCP entity.
Proposal 1: When configured to do so, the transmitting PDCP entity informs the receiving PDCP entity about the discarded PDCP PDUs.
Using control PDU for reporting the discarded PDUs is more flexible and minimizes the overhead.   Furthermore, control plane based solution was also preferred by most companies during the discussion at RAN2#124 [1]. So, we propose to use the control plane solution for PDCP discard notifications. 
Proposal 2: Use control PDU for PDCP PDU discard notification.
In the offline e-mail discussion[1], most companies prefer to reuse legacy format for the PDCP status report with e.g. first discarded COUNT and bitmap(s) as follows, for the PDCP PDU discarding notification. 
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[bookmark: _Ref151009739]Figure 1: Report based on PDCP control PDU, similar to the legacy status report.
Within the bitmap, the transmitter should add a value 1 for all the discarded PDUs and 0 for any PDUs that are not yet discarded. The transmitter can pad the Bitmap with 0s to reach the next byte aligned boundary.
Proposal 3: The byte aligned bitmap to indicate the discarded PDUs should include a value 1 for discarded PDUs and 0 for a PDU that is not yet discarded.
A TP for updating TS 38.323 [2] is provided in the Annex.
Proposal 4: Adopt the TP in the Annex for updating TS 38.323. 
3. Conclusion
Proposal 1: When configured to do so, the transmitting PDCP entity informs the receiving PDCP entity about the discarded PDCP PDUs
Proposal 2: Use control PDU for PDCP PDU discard notification.
Proposal 3: The byte aligned bitmap to indicate the discarded PDUs should include a value 1 for discarded PDUs and 0 for a PDU that is not yet discarded.
Proposal 4: Adopt the TP in the Annex for updating TS 38.323. 
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Annex: TP for TS 38.323
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5.X	Discard notification
[bookmark: _Toc12616342][bookmark: _Toc37126956][bookmark: _Toc46492069][bookmark: _Toc46492177][bookmark: _Toc156000535]5.X.1	Transmit operation
For AM DRBs and UM DRBs configured by upper layers to send a PDCP discard notification (discardNotificationRequired in TS 38.331 [3]), the transmitting PDCP entity shall trigger a PDCP discard notification when:
-	PDCP SDUs belonging to a PDU Set are discarded as specified in clause 5.3 and at least one PDCP SDU being discarded is associated with a COUNT value.
If a PDCP discard notification is triggered, the transmitting PDCP entity shall:
-	compile a PDCP discard notification as indicated below by:
-	setting the FDC field to the smallest COUNT value among the COUNT values associated with the PDCP SDUs being discarded;
-	if more than one PDCP SDUs are discarded:
-	allocating a Bitmap field of length in bits equal to the number of COUNTs from and not including the first discarded PDCP SDU up to and including the last discarded PDCP SDU, rounded up to the next multiple of 8, or up to and including a PDCP SDU for which the resulting PDCP Control PDU size is equal to 9000 bytes, whichever comes first;
-	setting in the bitmap field as '0' for all PDCP SDUs that are not discarded yet;
-	setting in the bitmap field as '1' for all PDCP SDUs that are discarded;
-	submit the PDCP discard notification to lower layers as the first PDCP PDU for transmission via the transmitting PDCP entity as specified in clause 5.2.1 for Uu interface and in clause 5.2.3 for PC5 interface.
5.X.2	Receive operation
For AM DRBs and UM DRBs, when a PDCP discard notification is received, the receiving PDCP entity shall:
-	consider for the PDCP SDU associated with the COUNT value equal to the value of the FDC field and for each PDCP SDU, if any, with the bit in the bitmap set to '1', as successfully received and delivered to upper layers;
-	if the value of RX_NEXT is less than or equal to the largest COUNT value among the COUNT values associated with the discarded PDCP SDUs:
-	update RX_NEXT to the sum of one and the largest COUNT value among the COUNT values associated with the discarded PDCP SDUs;  
-	if the value of RX_DELIV is among the COUNT values associated with the PDCP SDUs being discarded:
-	deliver to upper layers in ascending order of the associated COUNT value after performing header decompression, if not decompressed before;
-	all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from COUNT = RX_DELIV;
-	update RX_DELIV to the COUNT value of the first PDCP SDU which has not been delivered to upper layers, with COUNT value > RX_DELIV;
-	if t-Reordering is running, and if RX_DELIV >= RX_REORD:
-	stop and reset t-Reordering.
-	if t-Reordering is not running (includes the case when t-Reordering is stopped due to actions above), and RX_DELIV < RX_NEXT:
-	update RX_REORD to RX_NEXT;
-	start t-Reordering.
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6.2.3.X	Control PDU for PDCP discard notification
Figure 6.2.3.X-1 shows the format of the PDCP Control PDU carrying one PDCP discard notification. This format is applicable for UM DRBs and AM DRBs that are configured with discardNotificationRequired.
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Figure 6.2.3.X-1: PDCP Control PDU format for PDCP discard notification
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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
	PDCP discard notification

	100 101-111
	Reserved


Next Modified Subclause
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Length: Variable. The length of the bitmap field can be 0.
When included in the PDCP status report control PDU, Tthis field indicates which SDUs are missing and which SDUs are correctly received in the receiving PDCP entity. The bit position of Nth bit in the Bitmap is N, i.e., the bit position of the first bit in the Bitmap is 1.
Table 6.3.10-1 Bitmap when included in the PDCP status report control PDU
	Bit
	Description

	0
	PDCP SDU with COUNT = (FMC + bit position) modulo 232 is missing. 

	1
	PDCP SDU with COUNT = (FMC + bit position) modulo 232 is correctly received. 



When included in the PDCP discard notification control PDU, this field indicates which SDUs are discarded and which SDUs are not in the transmitting PDCP entity. The bit position of Nth bit in the Bitmap is N, i.e., the bit position of the first bit in the Bitmap is 1.
Table 6.3.10-2 Bitmap when included in the PDCP discard notification control PDU
	Bit
	Description

	0
	PDCP SDU with COUNT = (FDC + bit position) modulo 232 isn’t discarded yet. 

	1
	PDCP SDU with COUNT = (FDC + bit position) modulo 232 is discarded. 



Next Modified Subclause (new)
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Length: 32 bits
First Discarded COUNT. This field indicates the COUNT value of the first discarded PDCP SDU.
End of changes
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