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1 Introduction

RAN2 has discussed last meeting PDCP SN gap due to discard timer expiry [1][2]. RAN2 discussed two options without reaching consensus. This contribution addresses the issue to facilitate the decision. 

2 Discussion

The problem pointed out last meeting is that PDCP SN gap due to discard timer expiry would delay the subsequent PDCP PDUs from processing in eNB reordering buffer. Hence it is desirable to minimize the occurrence of PDCP SN gap.

Two options on the table are;

Option 1: Leaving it up to UE implementation

Option 2: Using header-only PDCP PDU

Option 1 is simple in specification point of view. To prevent PDCP SN gap, UE processes PDCP SDUs into PDCP PDUs just before they are submitted to the lower layer. Two problems may be pointed out. First, it in practice disables offline ciphering approach which is an important tool in UE implementation perspective. Second, it does not prevent PDCP SN gap if the PDCP PDU has already been submitted to the lower layer when timer expires.

Option 2 looks simple at the first glance, but it may not be as simple as it looks. Because discardTimer may expire either before or after corresponding PDCP PDU is submitted to the lower layer, and depending on that, discarding PDCP SDU does not create PDCP SN gap sometime. Table 1 summarizes possible cases.
<Table 1>
	Case
	UE behaviour in PDCP/RLC
	Consequence

	dicardTimer expires for a PDCP SDU 

· before it is processed to PDCP PDU 
	· PDCP discard PDCP SDU
	No PDCP SN gap

	dicardTimer expires for a PDCP SDU 

· after it is processed to a PDCP PDU; and 

· before it is submitted to RLC 
	· PDCP discard PDCP SDU

· PDCP discard PDCP PDU 
	PDCP SN gap

	dicardTimer expires for a PDCP SDU 

· after it is processed to a PDCP PDU; and 

· after it is submitted to RLC; and

· before RLC SDU is transmitted
	· PDCP discard PDCP SDU

· PDCP inform RLC

· RLC discard RLC SDU
	PDCP SN gap

	dicardTimer expires for a PDCP SDU 

· after it is processed to a PDCP PDU; and 

· after it is submitted to RLC; and

· after RLC SDU is transmitted
	· PDCP discard PDCP SDU

· PDCP inform RLC

· RLC does not discard RLC SDU
	No PDCP SN gap


As shown in table 1, depending on whether RLC discards RLC SDU or not, PDCP SN gap does or does not occur upon PDCP SDU discard. Two sub-options can be considered to address this aspect.

Option 2-1: header-only PDCP PDU is generated when PDCP PDU (before submission to lower layer) or corresponding RLC SDU (after submission to lower layer) is actually discarded (i.e. it is not generated only because PDCP inform RLC about discard)
Option 2-2: header-only PDCP PDU is generated when PDCP PDU (before submission to lower layer) is discarded. If the corresponding PDCP PDU has already been submitted to the lower layer, PDCP does not indicate RLC about PDCP discard. 

Both options have their own drawback. Option 2-1 would be complex to implement if PDCP and RLC are strictly separated. Option 2-2 breaks the legacy principle that RLC SDU not having transmitted is discarded upon timer expiry. 

Relying on the expectation that PDCP SN gap due to discard timer do not occur too frequently, our proposal is to have a note allowing header-only PDCP PDU with sufficient UE implementation flexibility. 

Table 2 shows text proposal.

<Table 2>
	5.4        PDCP discard

When the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report, the UE shall discard the PDCP SDU along with the corresponding PDCP PDU. If the corresponding PDCP PDU has already been submitted to lower layers the discard is indicated to lower layers. 

NOTE:
For split bearers, discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP PDUs, which increases PDCP reordering delay in the receiving PDCP entity. UE is allowed to use header-only PDCP PDU to prevent SN gap. Detail on upon which event UE generates such PDCP PDU is left to UE implementation.



3 Summary
It is proposed to go for option 2 and to allow sufficient flexibility for UE implementation by using note instead of normative text. 
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