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1 Introduction
In this paper, we address the needed corrections and considerations for PDCP and discard operation.
2 Discussion
2.1 PDCP SN gap reporting
In RAN2#125, the PDCP SN gap reporting between Tx and Rx is agreed. Further discussion is pursued on the details of the PDCP SN gap reporting approach.

2.2.1 PDCP Control PDU vs Header-only PDCP data PDU

Following proposal is made in [POST125][017] discussion:
Proposal 4  To perform the PDCP SN gap reporting, down-select between:
-          New PDCP Control PDU
-          Header-only PDCP data PDU

Though there is a majority of companies that support new PDCP Conrol PDU based solution, it is important to have a comprehensive comparison of these two solutions:

Table 1: Comparision of PDCP Control PDU and Header-only PDCP data PDU
	Aspect
	PDCP Control PDU
	Header-only PDCP data PDU

	SN gap information
	· Discarded and not discarded SDUs SN and number can be represented by FDC and bitmap
	· Only header part of PDCP data PDU is retained and payload is discarded

	Discarding operation
	· Same as legacy
· At PDCP: PDCP discards PDCP SDU/PDU
· At RLC: PDCP indicates RLC for discarded SDU and RLC discards indicated RLC SDU 
	· New behaviour
· At PDCP: PDCP discards payload of the PDCP data PDU
· At RLC: PDCP indicates RLC for discarded SDU and RLC discards the payload part for the PDCP PDU in the indicated RLC SDU

	Handling consecutive or non-consecutive SDUs discard
	· Easily addressed in the bitmap based control PDU
	· Multiple header-only PDCP data PDUs to be constructed. Need special effort to clear payloads for previously constructed PDCP data PDUs with same SNs (e.g. they may lie at PDCP and/or RLC layers).

	Associated discardTimer
	· Not applicable to control PDU
	· [bookmark: _GoBack]Need handling to dis-associate discardTimer

	Transmisison priority at PDCP 
	· Prioritized over PDCP data PDUs at PDCP

	· Same as any PDCP data PDU at PDCP

	Signalling overhead 
	· Efficient as multiple discarded SDUs can be signlled together in a single PDCP control PDU
	· Increases with more discarded SDUs as each one requires a Header-only PDCP data PDU transmission

	Spec impact and complexity
	· Manageable
· Separate procedure and clean handling of control PDU feasible. Can largely inherit format and procedural aspects from legacy SR approach
· No impact to RLC

	· High
· Adds impact and complexity to existing procedure e.g. Tx RLC may need to replace previously received RLC SDU by discarding the payload and keeping PDCP PDU SN (this is also against transparent handling behaviour as followed in RLC specification) 

	Latency
	· Normal
· PDCP control PDU is addressed as a RLC SDU

	· Normal 
· Given that non-transparent handling at RLC for discarding payload only for PDCP PDU is not allowed, a Header-only PDCP data PDU would be handled as a RLC SDU and is placed at end of transmission buffer



Observation 1: Header-only PDCP data PDU based approach is not suitable for PDCP SN gap reporting due to drawbacks involving inefficiency of handling multiple SDUs discard, drastic spec impact to RLC, and higher complexity. 

Accordingly, we propose that:

Proposal 1: RAN2 adopts a new PDCP Control PDU based approch for PDCP SN gap reporting.

2.2.2 RLC confirmation for discard

RLC handling for the PDCP SN gap report should be transparent i.e. PDCP SN gap report is just a payload (RLC SDU) for the RLC layer. Therefore, there should not be any impact on RLC. Further, any modification of PDCP PDU must not be allowed at RLC.

PDCP is required to send PDCP SN gap report for discarded PDCP SDUs that are not submitted by RLC to lower layers. As in legacy, when discard is indicated to RLC from PDCP layer, RLC discards the indicated RLC SDU only when neither the SDU nor a segment thereof is yet submitted to lower layers. This implies that PDCP is made aware about whether the indicated SDU is submitted to lower layers or not. Without RLC confirmation for the discarded SDUs, this is not fesible. Moreover, there is undesired complexity and burden with transmission of both discarded RLC SDUs and PDCP SN gap report including the discarded SDUs that are already submitted to lower layers.

Overall procedure is summarized with an example as below, wherein steps in blue color depict the new behaviour for PDCP SN gap reporting:

1. PDCP SDUs A, B and C are discarded at PDCP
2. PDCP indicates discard for SDUs A, B and C to RLC
3. RLC determines that SDU A and a segment of SDU B is already submitted to lower layer, while neither SDU C nor its segment is yet submitted to lower layer
4. RLC discards SDU C 
5. RLC confirms the discard of SDU C to PDCP 
6. PDCP sends a PDCP SN gap report containing SN of SDU C 
Observation 2: PDCP is required to send PDCP SN gap report for discarded PDCP SDUs that are not submitted by RLC to lower layers. However, without RLC confirmation for the discarded SDUs, this is not feasible. Moreover, there is undesired complexity and burden with transmission of both discarded RLC SDUs and PDCP SN gap report including the discarded SDUs that are already submitted to lower layers.

Proposal 2: RAN2 agrees to have a RLC confirmation for discarded SDUs to the PDCP that facilitates building of PDCP SN gap report. (Adopt text proposal TP1)

TP1
	TS 38.322
[bookmark: _Toc5722479][bookmark: _Toc37462999][bookmark: _Toc46502543][bookmark: _Toc155999973]5.4	SDU discard procedures
When indicated from upper layer (e.g. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU, if neither the RLC SDU nor a segment thereof has been submitted to the lower layers and if SNGapReportEnabled is configured [5], shall confirm discard to upper layer for the indicated RLC SDU. The transmitting side of an AM RLC entity shall not introduce an RLC SN gap when discarding an RLC SDU.




2.2 Handling running discardTimerLowImportance after deactivation of PSI based SDU discard


Figure 1: Discard and DSR reporting issue after deactivation of PSI based SDU discard

As illustrated in Figure 1, when the congestion is over (i.e. PSI based SDU discard is deactivated), the (running) discardTimerForLowImportance timer(s) for certain PDCP SDUs could still be running. For simplicity, PDU Set is not shown in Figure 1, however, same issue is applicable. As a result, even in non-congestion situation:
a) These PDCP SDUs are still subject to unnecessary early discard conditions; and 
b) These PDCP SDUs are also not considered for DSR which is only based on discardTimer(s). Therefore, network could not perform proper scheduling for these PDCP SDUs i.e. uplink grants could not be provided properly and sufficiently.
Consequently, UE could suffer data loss. This is an unacceptable consequence, when there is no congestion. The problem can be handled easily if these PDCP SDUs with running discardTimerLowImportance are also accounted in DSR, when PSI based SDU discard is deactivated. Considering that only delay-critical PDCP SDU is accounted in DSR, we would like to propose the following:

Observation 3: When the congestion is over (i.e. PSI based SDU discard is deactivated), the (running) discardTimerForLowImportance timer(s) for certain PDCP SDUs could still be running. These PDCP SDUs are subject to unnecessary early discard and are not considered for DSR. This causes undesired data loss in non-congestion scenario and affects proper scheduling from network.

Proposal 3: Delay-critical PDCP SDU is defined as ‘a PDCP SDU for which the remaining time till discardTimer or discardTimerLowImportance (if PSI based SDU discard is deactivated) expiry is less than reminingTimeThreshold’. (Adopt text proposal TP2)

TP2
	TS 38.323 Sec 3.1
….
Delay-critical PDCP SDU: if pdu-SetDiscard is not configured, a PDCP SDU for which the remaining time till discardTimer or discardTimerLowImportance (if PSI based SDU discard is deactivated) expiry is less than the remainingTimeThreshold. If pdu-SetDiscard is configured, a PDCP SDU belonging to a PDU Set of which at least one PDCP SDU has the remaining time till discardTimer or discardTimerLowImportance (if PSI based SDU discard is deactivated) expiry less than the remainingTimeThreshold.


3 Conclusion
RAN2 is requested to discuss and agree to the following observations and proposals:

Observation 1: Header-only PDCP data PDU based approach is not suitable for PDCP SN gap reporting due to drawbacks involving inefficiency of handling multiple SDUs discard, drastic spec impact to RLC, and higher complexity. 

Proposal 1: RAN2 adopts a new PDCP Control PDU based approch for PDCP SN gap reporting.

Observation 2: PDCP is required to send PDCP SN gap report for discarded PDCP SDUs that are not submitted by RLC to lower layers. However, without RLC confirmation for the discarded SDUs, this is not feasible. Moreover, there is undesired complexity and burden with transmission of both discarded RLC SDUs and PDCP SN gap report including the discarded SDUs that are already submitted to lower layers.

Proposal 2: RAN2 agrees to have a RLC confirmation for discarded SDUs to the PDCP that facilitates building of PDCP SN gap report. (Adopt text proposal TP1)

Observation 3: When the congestion is over (i.e. PSI based SDU discard is deactivated), the (running) discardTimerForLowImportance timer(s) for certain PDCP SDUs could still be running. These PDCP SDUs are subject to unnecessary early discard and are not considered for DSR. This causes undesired data loss in non-congestion scenario and affects proper scheduling from network.

Proposal 3: Delay-critical PDCP SDU is defined as ‘a PDCP SDU for which the remaining time till discardTimer or discardTimerLowImportance (if PSI based SDU discard is deactivated) expiry is less than reminingTimeThreshold’. (Adopt text proposal TP2)
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