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1	Introduction
This contribution discusses how the state variable RX_NEXT should be updated after the introduction of the PDCP SN gap report.
2	Discussion
In the current PDCP text proposal for PDCP SN gap report, RX_NEXT is updated as follows:
	-	else if RX_NEXT <= COUNT value associated with the last PDCP SDU indicated in the PDCP SN gap report:
-	update RX_NEXT to the largest COUNT value associated with the discarded PDCP SDU plus 1.



When pdu-SetDiscard is configured and PSI-based SDU discard is activated, the above way to update RX_NEXT makes the following sequence of events possible.
1.	A transmitting PDCP entity receives from upper layers a high- and a low-importance PDU set such that their PDCP SDUs are interlaced: e.g. 
-	the SDUs of the high-importance set are associated with the even-numbered Count values 10, 12, …, 18; and
-	the SDUs of the low-importance set are assigned the odd-numbered Count values 11, 13, …, 19.
2.	discardTimerForLowImportance expires for SDU#11 before it is transmitted, leading to discard all the SDUs 11, 13, …, 19. (The high-importance set is not discarded given that the longer discardTimer applies.) A PDCP SN gap report is triggered and sent, indicating these SDUs as discarded. The gap report is submitted to lower layers immediately as in the current text proposal, e.g. before SDU#10.
3.	At the receiving entity, before receiving the gap report, RX_DELIV = RX_NEXT = 10 (i.e. SDU#10 is expected next, no missing SDUs observed), and after receiving the gap report, by the current text proposal, RX_DELIV = 10 and RX_NEXT = 20, leading to starting t-Reordering and setting RX_REORD = RX_NEXT. 
4.	t-Reordering expires, meaning that any unreceived SDU with Count less than RX_REORD = 20 will never be delivered to upper layer even if still received after this point.
In terms of the current standard (before the introduction of gap report), starting t-Reordering with RX_REORD = 20 would have required that at least the initial transmission of all SDUs up to #19 has taken place, so leaving behind all unreceived SDUs below RX_REORD has been justified when t-Reordering expires.
With the current text proposal, this is no longer necessarily the case: in the above example, the gap report may update RX_NEXT to 20 at a time when the highest-numbered SDU transmitted may still be, say, 12. It follows that the current text proposal can lead the PDCP receiver to abandon unreceived SDUs prematurely – and to make things worse, those SDUs are likely to be of high importance.
Observation: If RX_NEXT is updated past all SDUs indicated as discarded, the receiving PDCP entity may prematurely update RX_DELIV past unreceived high-importance SDUs when pdu-SetDiscard is configured and PSI-based SDU discard is activated.
To prevent this problem, RX_NEXT should be incremented (upon reception of SN gap report and upon being updated by a received SDU) only if, without the incrementing, the SDU with associated COUNT equal to RX_NEXT would be considered as discarded (i.e. indicated as discarded in some received SN gap report). This way, in the above problem example the status RX_DELIV = RX_NEXT = 10 remains even after receiving the gap report, and the future behavior of these variables and t-Reordering is effectively as if the SDUs 10, 12, …, 18 of the high-importance PDU set had consecutive COUNT values, which is the intended operation.
Proposal 1: RX_NEXT is incremented (upon reception of a SN gap report and upon being updated by a received SDU) only if, without the incrementing, the SDU with associated COUNT equal to RX_NEXT would be considered as discarded (i.e. indicated as discarded in some received SN gap report).
We provide a corresponding text proposal in Annex.
Proposal 2: RAN2 agree the text proposal in Annex for Proposal 1.
3	Conclusion
This document has made the following observations:
Observation: If RX_NEXT is updated past all SDUs indicated as discarded, the receiving PDCP entity may prematurely update RX_DELIV past unreceived high-importance SDUs when pdu-SetDiscard is configured and PSI-based SDU discard is activated.
And proposed the following:
Proposal 1: RX_NEXT is incremented (upon reception of a SN gap report and upon being updated by a received SDU) only if, without the incrementing, the SDU with associated COUNT equal to RX_NEXT would be considered as discarded (i.e. indicated as discarded in some received SN gap report).
Proposal 2: RAN2 agree the text proposal in Annex for Proposal 1.

Annex: Text proposal to TS 38.323
[bookmark: _Toc12616336][bookmark: _Toc37126948][bookmark: _Toc46492061][bookmark: _Toc46492169][bookmark: _Toc156000527]5.2.2	Receive operation
[bookmark: _Toc12616337][bookmark: _Toc37126949][bookmark: _Toc46492062][bookmark: _Toc46492170][bookmark: _Toc156000528]5.2.2.1	Actions when a PDCP Data PDU is received from lower layers
In this clause, following definitions are used:
-	HFN(State Variable): the HFN part (i.e. the number of most significant bits equal to HFN length) of the State Variable;
-	SN(State Variable): the SN part (i.e. the number of least significant bits equal to PDCP SN length) of the State Variable;
-	RCVD_SN: the PDCP SN of the received PDCP Data PDU, included in the PDU header;
-	RCVD_HFN: the HFN of the received PDCP Data PDU, calculated by the receiving PDCP entity;
-	RCVD_COUNT: the COUNT of the received PDCP Data PDU = [RCVD_HFN, RCVD_SN].
At reception of a PDCP Data PDU from lower layers, the receiving PDCP entity shall determine the COUNT value of the received PDCP Data PDU, i.e. RCVD_COUNT, as follows:
-	if RCVD_SN < SN(RX_DELIV) – Window_Size:
-	RCVD_HFN = HFN(RX_DELIV) + 1.
-	else if RCVD_SN >= SN(RX_DELIV) + Window_Size:
-	RCVD_HFN = HFN(RX_DELIV) – 1.
-	else:
-	RCVD_HFN = HFN(RX_DELIV);
-	RCVD_COUNT = [RCVD_HFN, RCVD_SN].
After determining the COUNT value of the received PDCP Data PDU = RCVD_COUNT, the receiving PDCP entity shall:
-	perform deciphering and integrity verification of the PDCP Data PDU using COUNT = RCVD_COUNT;
-	if integrity verification fails:
-	indicate the integrity verification failure to upper layer;
-	discard the PDCP Data PDU and consider it as not received;
-	if RCVD_COUNT < RX_DELIV; or
-	if the PDCP Data PDU with COUNT = RCVD_COUNT has been received before:
-	discard the PDCP Data PDU;
If the received PDCP Data PDU with COUNT value = RCVD_COUNT is not discarded above, the receiving PDCP entity shall:
-	store the resulting PDCP SDU in the reception buffer;
-	if RCVD_COUNT >= RX_NEXT:
-	update RX_NEXT to the COUNT value of the first PDCP SDU which is not considered as discarded as specified in clause 5.X.2, with COUNT value > RCVD_COUNT + 1.
-	if outOfOrderDelivery is configured:
-	deliver the resulting PDCP SDU to upper layers after performing header decompression using EHC.
-	if RCVD_COUNT = RX_DELIV:
-	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, where consecutively associated COUNT values include COUNT values of both the stored PDCP SDU(s) and PDCP SDU(s) which are considered as discarded as specified in clause 5.X.2;
-	update RX_DELIV to the COUNT value of the first PDCP SDU which has not been delivered to upper layers and is not considered as discarded as specified in clause 5.X.2, 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.
5.X.2	Receive operation
At reception of a PDCP SN gap report from lower layers, the receiving PDCP entity shall consider each PDCP SDU, if any, with the bit in the discard bitmap set to ‘1’, or with the associated COUNT value equal to the value of FDC field as discarded, and:
-	if RX_DELIV is greater than the largest COUNT value associated with the discarded PDCP SDUs:
-	ignore the PDCP SN gap report.
-	else if RX_NEXT is equal to any COUNT value associated with the discarded PDCP SDUs<= COUNT value associated with the last PDCP SDU indicated in the PDCP SN gap report:
-	update RX_NEXT to the COUNT value of the first PDCP SDU which is not considered as discarded, with COUNT value > RX_NEXTthe largest COUNT value associated with the discarded PDCP SDU plus 1.
-	if RX_DELIV is equal to any COUNT value associated with the discarded PDCP SDUs:
-	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 values starting from COUNT value equal to RX_DELIV plus 1, where consecutively associated COUNT values include COUNT values of both the stored PDCP SDU(s) and PDCP SDU(s) which are considered as discarded as specified in clause 5.X.2.
-	update RX_DELIV to the COUNT value of the first PDCP SDU which has not been delivered to upper layers and is not considered as discarded as specified in clause 5.X.2, 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:
-	updated RX_REORD to RX_NEXT;
-	start t-Reordering.




