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1. Introduction
[bookmark: Proposal_Pattern_Length]This document discusses the motivation and solution details to enhance operation when PDCP SN gap occurs.
1. Discussion
[bookmark: _Ref131417978]Two new discard enhancements are defined in Rel-18, PDU Set based discard and PSI based discard, which enable new discard events at PDCP level as shown in below reference:
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;
NOTE 1:	PDCP SDUs subsequently received from upper layers are also discarded if they belong to the PDU Set.
-	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 2:	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.
When data PDUs are discarded before they have been transmitted to lower (MAC) layer or over the air interface, their associated PDCP SNs could be reused for new packets. When discarding a PDCP SDU(s) which are already associated with a PDCP SN cause an SN gap in the transmitted PDCP Data PDUs, which increases PDCP reordering delay in the receiving PDCP entity. SN gaps could always happen when performing discard at PDCP level and its expected handling was explained in above “NOTE 2”. Before Rel-18 (i.e., legacy operation), the assumption was that SN gaps were rare events/scenarios and there was no need to address this as Receiver entity could rely on the PDCP reordering timer and the recommendation for UE to minimize these SN gap. In Rel-18, two new discard techniques are defined which may lead to more frequent instances on which SN gaps may occur and more packets may be dropped at once (as the new discard may apply simultaneously to all SDUs/PDUs belonging to a given PDU Set). Summarizing, current approach to handle PDCP SN gaps does not seem preferable/ideal as it may end up introducing unnecessary delays.
[bookmark: _Toc127445005][bookmark: _Toc127464418][bookmark: _Toc127464504][bookmark: _Toc131421289][bookmark: _Toc131492625][bookmark: _Toc131603852][bookmark: _Toc131684208][bookmark: _Toc131718303][bookmark: _Toc131718477][bookmark: _Toc134568487][bookmark: _Toc134568537][bookmark: _Toc134738571][bookmark: _Toc134738606][bookmark: _Toc142050998][bookmark: _Toc142051020][bookmark: _Toc142390942][bookmark: _Toc142562223][bookmark: _Toc146654893][bookmark: _Toc146791112][bookmark: _Toc158641515][bookmark: _Toc158990015]Rel-18 discard enhancements (i.e. PDU Set discard and PSI based discard) may increase the frequency and length on the gaps created on the PDCP SN which may lead to unnecessary delays as receiving PDCP entity relies on the PDCP reordering timer.

To get the optimum operation of Rel-18 XR features, it is preferable if RAN2 defines a mechanism for PDCP transmitter to inform to PDCP receiver about the PDCP SN gaps to avoid reordering delays at the receiver side.
[bookmark: _Toc127445010][bookmark: _Toc127461547][bookmark: _Toc127445011][bookmark: _Toc127461548][bookmark: _Toc127445012][bookmark: _Toc127461549][bookmark: _Toc127445013][bookmark: _Toc127461550][bookmark: _Toc127445014][bookmark: _Toc127461551]The email discussion [AT124][019][XR] PDCP discard (CATT) [1] discussed in detailed the proposed approaches for PDCP Tx to inform the Rx of the SN gap via the PDCP control PDU or PDCP Data PDU. Few companies also thought that this feature would not be necessary with optimum configurations. In our understanding, a solution is preferable, but its usage could be under network control (in case some networks do not see it necessary). Regarding the usage of data vs control PDCP PDU, both approaches are feasible, but we also share the majority view that PDCP control PDU would be simpler as it does not impact the headers of any PDCP data PDU (regardless of whether discard enhancement is in used). Two options are discussed on how the new PDCP control PDU is defined and further details are here provided: 
· Option 1) bitmap kind of information (which could reuse the PDCP status report (SR) approach).



Figure 1. PDCP Control PDU format for PDCP gap information (Option 1)
First Dropped COUNT (FDC). Length: 32 bits. This field indicates the COUNT value of the first dropped PDCP SDU within the reordering window, i.e. RX_DELIV.
Bitmap: Length: Variable. The length of the bitmap field can be 0. This field indicates which SDUs are dropped and which SDUs are not dropped in the transmitting PDCP entity (as explained in Table 1 below). 
Table 1: Bitmap
	Bit
	Description

	0
	PDCP SDU with COUNT = (FDC + bit position) modulo 232 is dropped. 

	1
	PDCP SDU with COUNT = (FDC + bit position) modulo 232 is not dropped. 


· 
· Option 2) Range kind of information (which could reuse the RLC status report (SR) approach). 



Figure 2. PDCP Control PDU format for PDCP gap information (Option 2)

First Dropped COUNT (FDC). Length: 32 bits. This field indicates the COUNT value of the first dropped PDCP SDU within the reordering window, i.e. RX_DELIV.
Extension (E) field: Length: bit. The E field indicates whether a set of Offset and Range follow (as explained in Table 2 below).
Table 2: E field interpretation
	Value
	Description

	0
	A set of Offset and Range does not follow.

	1
	A set of Offset and Range follows.


Range field: Length: 8 bits. This Range field is the number of consecutively dropped PDCP PDUs starting from and including corresponding FDC or Offset.
Offset field: Length: 15 bits. This field indicates the COUNT value of the dropped PDCP SDU within the reordering window, i.e. RX_DELIV. Denote COUNT_PREV for the last PDCP PDU indicated by previous (FDC, Range) pair or (Offset, Range) pair, then the COUNT value indicated by current (Offset, Range) pair is COUNT_PREV + Offset. 

Both options are feasible with some implication depending on how large the SN gap may be. Therefore, we suggest for RAN2 to discuss and choose one of the two options discussed above.
Proposal 1. [bookmark: _Toc115385854][bookmark: _Toc118042718][bookmark: _Toc118044167][bookmark: _Toc118408662][bookmark: _Toc118409087][bookmark: _Toc127198224][bookmark: _Toc127285610][bookmark: _Toc127400008][bookmark: _Toc127445015][bookmark: _Toc127461552][bookmark: _Toc127464423][bookmark: _Toc127464495][bookmark: _Toc131421294][bookmark: _Toc131422703][bookmark: _Toc131492637][bookmark: _Toc131603859][bookmark: _Toc131684215][bookmark: _Toc131718310][bookmark: _Toc131718484][bookmark: _Toc134568498][bookmark: _Toc134738583][bookmark: _Toc134738618][bookmark: _Toc142051011][bookmark: _Toc142390933][bookmark: _Toc142562230][bookmark: _Toc115302166][bookmark: _Toc115350171][bookmark: _Toc115350265][bookmark: _Toc146654899][bookmark: _Toc146791115][bookmark: _Toc146791160][bookmark: _Ref158638873][bookmark: _Toc158641517][bookmark: _Toc158990017]A mechanism for PDCP Transmitter to inform to PDCP Receiver about the gap on the PDCP SN is defined in Rel-18 (to avoid reordering delays at the receiver side) with the following details:
Proposal 1.1. [bookmark: _Toc158641518][bookmark: _Toc158990018]Network informs UE when is allowed to inform of the SN gap (i.e., configurable).
Proposal 1.2. [bookmark: _Toc158641519][bookmark: _Toc158990019]PDCP control PDU solution is used. To discuss whether to provide: option 1) bitmap kind of information (which could reuse the PDCP status report (SR) approach), or option 2) range kind of information (which could reuse the RLC status report (SR) approach).



[bookmark: _Toc465993148][bookmark: _Toc465993084]Conclusion
The observations captured are the following:
Observation 1.	Rel-18 discard enhancements (i.e. PDU Set discard and PSI based discard) may increase the frequency and length on the gaps created on the PDCP SN which may lead to unnecessary delays as receiving PDCP entity relies on the PDCP reordering timer.

The proposals captured are the following:
Proposal 1.	A mechanism for PDCP Transmitter to inform to PDCP Receiver about the gap on the PDCP SN is defined in Rel-18 (to avoid reordering delays at the receiver side) with the following details:
Proposal 1.1.	Network informs UE when is allowed to inform of the SN gap (i.e., configurable).
Proposal 1.2.	PDCP control PDU solution is used. To discuss whether to provide: option 1) bitmap kind of information (which could reuse the PDCP status report (SR) approach), or option 2) range kind of information (which could reuse the RLC status report (SR) approach).
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