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1.	Introduction
RAN2 has discussed the issue of out-of-order delivery in PDCP during RAN2#99.
	
R2-1707711	TP on out-of-sequence delivery from PDCP	OPPO, Nokia, Nokia Shanghai Bell, Sequans, Ericsson	discussion	Rel-15	NR_newRAT-Core
-	LG asks why we added a note.  Sequans explains it is about COUNT wrap around.  LG doesn’t thinks COUNT wrap around occurs.  Sequans has seen it already in the draft specs.  
-	Ericsson thinks that that note is there to say that whatever falls out of the window after window moved up, the packets should be considered as received.  
-	Nokia and Oppo explains the behaviour of in-sequence delivery is not changed.  
-	Samsung it is important that we do not change the in-sequence delivery.  We changed the state variable name.  
-	LG thinks that the only way to make sure that legacy behaviour is not impacted is to introduce a new variable
[CB Thursday]
-	Determine if there is impact to legacy procedure, whether we should introduce a new variable, and how to capture

R2-1709098	Support for out-of-order delivery in PDCP	LG Electronics Inc.	discussion	Rel-15	NR_newRAT-Core
R2-1708964	Update of RX_DELIV with disabled reordering	Huawei, HiSilicon	discussion	Rel-15	NR_newRAT-Core
R2-1708293	Out-of-order delivery in PDCP receive operation	Qualcomm Incorporated	discussion	Rel-15	NR_newRAT-Core

R2-1708749	Alternative PDCP Receive Operation TP with updated RX_DELIV	Sequans Communications, OPPO, Nokia, Nokia Shanghai Bell	discussion	Rel-15	NR_newRAT-Core
-	Sequans thinks maybe we can think of changing the name.  
=>	RX_DELIV definition should be updated such as “new RX_DELIV = old RX_DELIV+1”
=>	Noted

R2-1708504	Issues on the PDCP packet reception	vivo	discussion
-	QC thinks that the first proposal is useful for EN-DC
-	Oppo thinks we should also consider:
Out-of-order delivery is configured only when the radio bearer is established.  LG ask why.  OPPO has done the same change as LTE.  
-	Ericsson thinks that there are ROHC that can work with out-of-order delivery.  
=>	Noted

Agreements 
1.	ROHC context continue is applied for AM DRB
2.	The header compression should not be configured when out-of-order delivery is allowed for PDCP SDU.
3.  Out-of-order delivery is configured only when the radio bearer is established (added to the field description of RRC)




Based on the discussion, two options were provided in R2-1709872, and RAN2 agreed to go for option 2.
	
R2-1709872	Support for out-of-order delivery in PDCP
=>	we go for option 2
[NR UP] out-of-order delivery in PDCP – LG 
-	agreeable TP to be presented in next meeting
-	before next meeting 




This document aims to provide an agreeable Text Proposal to the RAN2#99bis based on option 2 following the e-mail discussion:
[99#36][NR UP] Out-of-order delivery in PDCP – LG 
	Intended outcome: Agreeable text proposal 
	Deadline:  Thursday 2017-09-21

2.	Text proposal to 38.323 v1.0.0
An initial text proposal to 38.323 v1.0.0 is provided below. Companies are asked to review the initial text proposal, and provide addition/deletion/modification of the initial text proposal.

	
5.2.2	Receive operation
In this section, 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].
5.2.2.1	Actions when a PDCP Data PDU is received from lower layers
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:
-	if RCVD_COUNT < RX_DELIV; or
-	if the PDCP Data PDU with COUNT = RCVD_COUNT has been received before:
-	perform deciphering and integrity verification of the PDCP DataPDU using COUNT = RCVD_COUNT;
-	if integrity verification fails:
-	indicate the integrity verification failure to upper layer;
-	discard the PDCP Data PDU;
-	else:
-	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 DataPDU;
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 RCVD_COUNT + 1;
-	if outOfOrderDelivery is configured:
-	deliver the resulting PDCP SDU to upper layers;
-	if RCVD_COUNT = RX_DELIV:
-	deliver to upper layers in ascending order of the associated COUNT value after performing header decompression;
-	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 lastfirst PDCP SDU which has not been delivered to upper layers + 1, with COUNT value >= RX_DELIV;
-	if outOfOrderDelivery is configured and the resulting PDCP SDU has not been delivered to upper layers:
-	deliver the resulting PDCP SDU to upper layers;
-	if t-Reordering is running, and if RX_DELIV >= RX_REORDthe PDCPSDU with COUNT = RX_REORD–1 has been delivered to upper layers:
-	stop and reset t-Reordering;
-	if t-Reordering is not running (includes the case when t-Reordering is stopped due to actions above), andRX_DELIV < RX_NEXTif there is at least one stored PDCP SDU:
-	updateRX_REORDto RX_NEXT;
-	start t-Reordering.
Editor’s Note:The receive operation may be updated based on the outcome of the e-mail discussion on out-of-order delivery.
5.2.2.2	Actions when a t-Reordering expires
When t-Reordering expires, the receiving PDCP entity shall:
-	deliver to upper layers in ascending order of the associated COUNT valueafter performing header decompression:
-	all stored PDCP SDU(s) with associated COUNT value(s) < RX_REORD;
-	all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from RX_REORD;
-	updateRX_DELIV to the COUNT value of the lastfirst PDCP SDU which has not been delivered to upper layers + 1, with COUNT value >= RX_REORD;
-	ifRX_DELIV < RX_NEXTthere is at least one stored PDCP SDU:
-	updateRX_REORD to RX_NEXT;
-	start t-Reordering.
5.2.2.3	Actions when the value of t-Reorderingis reconfigured
When thevalue of the t-Reordering is reconfigured by upper layers while the t-Reordering is running, the UE shall:
-	updateRX_REORD to RX_NEXT;
-	stop and restart t-Reordering.

7.1	State variables
This subclause describes the state variables used in PDCP entities in order to specify the PDCPprotocol.The state variables defined in this subclause are normative.
All state variables are non-negative integers, and take values from 0 to [232 – 1]. 
PDCP Data PDUs are numbered integer sequence numbers (SN) cycling through the field: 0 to [2[pdcp-SN-Size] – 1].
The transmitting PDCP entity shall maintain the following state variables:
a) TX_NEXT
This state variable indicates the COUNTvalue of the next PDCP SDUto be transmitted. The initial value is 0.
The receivingPDCP entity shall maintain the following state variables:
a) RX_NEXT
This state variable indicates the COUNTvalue of the next PDCP SDU expected to be received. The initial value is 0.
b) RX_DELIV
This state variable indicates the COUNTvalue of the first PDCP SDU not delivered to the upper layers, but still waited for. The initial value is 0.
c) RX_REORD
This state variable indicates the COUNTvalue following the COUNT value associated with the PDCP Data PDU which triggered t-Reordering.
7.2	Constants
a) Window_Size
This constant indicates the size of the reordering window. The value equals to 2[pdcp-SN-Size]– 1.
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 [3]. In the transmitter, a new timer is started upon reception of an SDU from upperlayer.
The receivingPDCP entity shall maintain the following timers:
b) t-Reordering
The duration of the timer is configured by upper layers [3].This timer is used to detect loss of PDCP Data PDUs as specified in the subclause 5.2.2. If t-Reordering is running, t-Reordering shall not be started additionally, i.e. only one t-Reordering per receiving PDCP entity is running at a given time.





Companies suggestions:
Please provide your suggestionson the initial TP in the table below.
	Company
	Suggestions on the initial TP

	OPPO
	In section 5.4.1, the triggering condition of status report “if there is at least one out-of-sequence PDCP SDU stored” needs to be revised to cover out-of-order delivery case? E.g., “if t-Reordering is running”?

	Ericsson
	We agree with the TP.
Regarding the remark from OPPO on 5.4.1: we agree that the section on status reporting requires changes when introducing out-of-sequence delivery. A status report should be created when there are gaps between RX_DELIV and RX_NEXT. The condition “if there is at least one stored PDCP SDU” is equivalent to “if RX_DELIV < RX_NEXT” in case of in-sequence delivery, and “if RX_DELIV < RX_NEXT” indicates if there are reception gaps for both in-sequence delivery and out-of-sequence delivery, thus this condition can be employed to check if a status report is required. 

	Nokia
	To avoid double delivery of PDCP SDU to upper layers in different delivery parts, we could add the following:
-	if outOfOrderDelivery is configured:
-	deliver the resulting PDCP SDU to upper layersand discard the PDCP SDU;
Regarding the following:
-    if RCVD_COUNT = RX_DELIV:
-     deliver to upper layers in ascending order of the associated COUNT value after performing header decompression;
-     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;
While the above equality does not result in incorrect operation, it seems redundant as it never holds.
We also agree with OPPO/Ericsson about the status reporting part and think Ericsson’s proposal for the condition (ie., “if RX_DELIV < RX_NEXT”) can work generally for both cases.

	NTT DOCOMO
	The text proposal on receiving operation looks fine. Regarding the status reporting part, we are OK with the proposed condition proposed by Ericsson. 
Regarding 1st comment from Nokia, we assume the PDCP SDU will not be stored if it delivered to upper layer. But, if we see the necessity of the clarification, we may have general text to cover all the cases. Regarding 2nd comment from Nokia, we agree. 

	Intel
	We’re OK with the TP in general.

Regarding the status report triggering issues raised by OPPO and Ericsson, we agree that this should be corrected. Our understanding is that OPPO proposal (“if t-Reordering is running”) and Ericsson proposal (“if RX_DELIV < RX_NEXT”) are equivalent, so we’re fine to either of the proposal.

Regarding the 1st comment from Nokia, we agree with NTT DOCOMO. If RAN2 thinks it is necessary to specify the discard behavior, then general text is needed for all cases.

We agree with the 2nd comment from Nokia that equality sign is not needed, i.e. the condition should beCOUNT value > RX_DELIV.

	LG
	We agree that the status report triggering condition needs to be modified to cover the out-of-order delivery case. The suggestion from Ericsson looks fine.
Regarding Nokia’s 1st comment, it is strange that “delivered” packet is still stored in the PDCP. The suggested text might cause more confusion.
Regarding Nokia’s 2nd comment, we agree that equality never holds. However, we would like to keep the equality to keep the similarity with other conditions, e.g. “if RCVD_COUNT >= RX_NEXT”, “if RX_DELIV >= RX_REORD”, “with COUNT value >= RX_REORD”, etc. Note that in the procedure text, “lower” case does not have equality, while “upper” case has equality.

	Qualcomm
	For the 1st comment from Nokia, we agree with LG. No need to add “discard” text, and the delivered packet will not be stored in the buffer.
For the 2nd comment from Nokia, we agree that the equality is not needed, the condition should be COUNT value > RX_DELIV.

	CATT
	The TP is OK.
We agree with OPPO regarding fixing the triggering condition of status report and either OPPO or Ericsson’s correction is fine.
Regarding Nokia’s comments, we don’t see any ambiguity in the current text about PDCP SDU delivery, but agree on the 2nd comment that equality is not needed, which will make the statement more accurate.

	Huawei
	We agree with what is proposed in the TP in general.
We think the 1st proposal by Nokia is not necessary since PDCP will not store the PDCP SDU after it has delivered the SDU to the upper layer. For the 2nd proposal, we also agree with the above listed companies and Nokia that the equality sign should not be included since RCVD_COUNT=RX_DELIV has been received and it is impossible that RX_DELIV should be updated to RX_DELIV. 

	Samsung
	In general, we agree to the current TP. 
About the 1st comment from Nokia, we think that the delivered packet will not be stored in the buffer, i.e. no clarification is needed.
About the 2nd comment from Nokia, we agree that the equality is not needed.

	MediaTek
	Agree with OPPO, Ericsson, Nokia, and CATT on the need to update status reporting.
The current TP does not distinguish between DRBs and SRBs, but we have agreed in 97bis meeting that “PDCP reordering should always enabled for SRBs”. We were wondering how this restriction for SRBs can be addressed.

	ZTE
	We are also fine with the TP.
For the triggering condition of status report, we agree with OPPO, Ericsson, Nokia, and CATT that some revision is needed and we prefer the proposal from Ericsson.

	Sequans
	We agree with the need to update 5.4.1 with e.g. Ericsson’s condition.
Regarding Nokia’s 1st comment, we agree that the proposed normative text should be clear enough, however we do see why there could be some concern:

- when OOD is not configured, PDCP performs duplicate detection by checking that COUNT is below RX_DELIV or by noticing that COUNT matches the one of a stored PDCP SDU;
- when IOD is configured, PDCP can still perform the check that COUNT is below RX_DELIV, but since there is no longer stored PDCP SDU, one can wonder how the check is done. 
In a real implementation, to implement the duplicate discard check “if the PDCP Data PDU with COUNT = RCVD_COUNT has been received before”, PDCP still needs to “store something” even if the PDCP SDU was delivered.

We think a NOTE could be added to clarify this, e.g. 

NOTE: In case of OOD, when delivering a PDCP SDU associated to COUNT to upper layers, PDCP keeps an indication that the SDU was delivered for duplicate detection
We agree with the 2nd comment from Nokia.




3.	Proposal
Based on the initial TP and companies suggestions, a TP to 38.323 v1.0.0 is provided below. RAN2 is asked to agree on the TP.
	
Text proposal to 38.323 v1.0.0

5.2.2	Receive operation
In this section, 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].
5.2.2.1	Actions when a PDCP Data PDU is received from lower layers
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:
-	if RCVD_COUNT < RX_DELIV; or
-	if the PDCP Data PDU with COUNT = RCVD_COUNT has been received before:
-	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;
-	else:
-	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;
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 RCVD_COUNT + 1;
-	if outOfOrderDelivery is configured:
-	deliver the resulting PDCP SDU to upper layers;
-	if RCVD_COUNT = RX_DELIV:
-	deliver to upper layers in ascending order of the associated COUNT value after performing header decompression;
-	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 lastfirst PDCP SDU which has not been delivered to upper layers + 1, with COUNT value > RX_DELIV;
-	if outOfOrderDelivery is configured and the resulting PDCP SDU has not been delivered to upper layers:
-	deliver the resulting PDCP SDU to upper layers;
-	if t-Reordering is running, and if RX_DELIV >= RX_REORDthe PDCPSDU with COUNT = RX_REORD–1 has been delivered to upper layers:
-	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_NEXTif there is at least one stored PDCP SDU:
-	update RX_REORD to RX_NEXT;
-	start t-Reordering.
Editor’s Note:The receive operation may be updated based on the outcome of the e-mail discussion on out-of-order delivery.
5.2.2.2	Actions when a t-Reordering expires
When t-Reordering expires, the receiving PDCP entity shall:
-	deliver to upper layers in ascending order of the associated COUNT value after performing header decompression:
-	all stored PDCP SDU(s) with associated COUNT value(s) < RX_REORD;
-	all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from RX_REORD;
-	update RX_DELIV to the COUNT value of the lastfirst PDCP SDU which has not been delivered to upper layers + 1, with COUNT value >= RX_REORD;
-	if RX_DELIV < RX_NEXTthere is at least one stored PDCP SDU:
-	update RX_REORD to RX_NEXT;
-	start t-Reordering.
5.2.2.3	Actions when the value of t-Reordering is reconfigured
When the value of the t-Reordering is reconfigured by upper layers while the t-Reordering is running, the UE shall:
-	update RX_REORD to RX_NEXT;
-	stop and restart t-Reordering.

[bookmark: _Toc477873866][bookmark: _Toc478029702][bookmark: _Toc486851295]5.4	Status reporting
[bookmark: _Toc477873867][bookmark: _Toc478029703][bookmark: _Toc486851296]5.4.1	Transmit operation
For AM DRBs configured by upper layers to send a PDCP status report in the uplink (statusReportRequired[3]), the receiving PDCP entity shall trigger a PDCP status report when:
-	upper layer requests a PDCP entity re-establishment;
-	upper layer requests a PDCP data recovery;
If a PDCP status report is triggered, the receiving PDCP entity shall:
-	compile a PDCP status report as indicated below by:
-	setting the FMC field to RX_DELIV;
-	if there is at least one out-of-sequence PDCP SDU storedRX_DELIV < RX_NEXT:,
-	allocating a Bitmap field of length in bits equal to the number of COUNTs from and not including the first missing PDCP SDU up to and including the last out-of-sequence PDCP SDUs, 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 have not been received, and optionally PDCP SDUs for which decompression have failed;
-	setting in the bitmap field as ‘1’ for all PDCP SDUs that have been received;
-	submit the PDCP status report to lower layers as the first PDCP PDU for transmission.
[bookmark: _Toc477873868][bookmark: _Toc478029704][bookmark: _Toc486851297]5.4.2	Receive operation
For AM DRBs, when a PDCP status report is received in the downlink, the transmitting PDCP entity shall:
-	consider for each PDCP SDU, if any, with the bit in the bitmap set to '1', or with the associated COUNT value less than the value of FMC field as successfully delivered, and discard the PDCP SDU as specified in the subclause 5.3.

7.1	State variables
This subclause describes the state variables used in PDCP entities in order to specify the PDCP protocol. The state variables defined in this subclause are normative.
All state variables are non-negative integers, and take values from 0 to [232 – 1]. 
PDCP Data PDUs are numbered integer sequence numbers (SN) cycling through the field: 0 to [2[pdcp-SN-Size] – 1].
The transmitting PDCP entity shall maintain the following state variables:
a) TX_NEXT
This state variable indicates the COUNT value of the next PDCP SDU to be transmitted. The initial value is 0.
The receiving PDCP entity shall maintain the following state variables:
a) RX_NEXT
This state variable indicates the COUNT value of the next PDCP SDU expected to be received. The initial value is 0.
b) RX_DELIV
This state variable indicates the COUNT value of the first PDCP SDU not delivered to the upper layers, but still waited for. The initial value is 0.
c) RX_REORD
This state variable indicates the COUNT value following the COUNT value associated with the PDCP Data PDU which triggered t-Reordering.
7.2	Constants
a) Window_Size
This constant indicates the size of the reordering window. The value equals to 2[pdcp-SN-Size]– 1.
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 [3]. In the transmitter, a new timer is started upon reception of an SDU from upper layer.
The receiving PDCP entity shall maintain the following timers:
b) t-Reordering
The duration of the timer is configured by upper layers [3].This timer is used to detect loss of PDCP Data PDUs as specified in the subclause 5.2.2. If t-Reordering is running, t-Reordering shall not be started additionally, i.e. only one t-Reordering per receiving PDCP entity is running at a given time.
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