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1 Introduction

‘[87#23][LTE/DC] PDCP issues’ has discussed various issues on PDCP reordering, where following two issues were not treated due to lack of time. 

· Issue 1: Whether out-of-ordered received PDCP PDU should be discarded silently or discarded after being processed.

· Issue 2: Whether duplicate PDU falling in the re-ordering window should replace the older one
This contribution discusses above open issues. 
2 Discussion

There are two kinds of ‘out-of-ordered received PDCP PDU’; 1) PDU whose PDCP SN is lower than Last_Submitted_PDCP_RX_SN (hereafter denoted as already-submitted-PDU) and 2) PDCP PDU with the same PDCP SN already in the buffer (hereafter denoted as duplicate-PDU)
During normal split bearer operation, there is no reason for duplicate-PDU to occur because a PDCP PDU is transmitted either by a MeNB or a SeNB (but not by both). There is no reason for already-submitted-PDU to occur thanks to flow control between MeNB and SeNB.
Observation 1: Neither duplicate-PDU nor already-submitted-PDU occur during normal split bearer operation

They may occur during handover or SCG change (split bearer to split bearer reconfiguration). In both cases, target ENB may resume retransmission without waiting for PDCP status report. As a consequence, target ENB may retransmit PDUs having been already received by UE, which can be duplicate-PDU or already-submitted-PDU. 

Observation 2: duplicate-PDU or already-submitted-PDU may be received upon handover or upon SCG change (without handover).

Observation 3: duplicate-PDU or already-submitted-PDU is received only if target ENB start early retransmission without waiting for PDCP status report from UE. 
With above 3 observations in mind, let’s look at the issues.
Issue 1: Silently discarding or ‘discarding after processing’ for out-of-ordered received PDU
Upon handover, duplicate-PDU or already-submitted-PDU may be received and those PDUs may contain ROHC IR packet. In that sense it is better to apply ‘discarding after processing’ for those PDUs. 
Upon SCG change with split bearer to split bearer reconfiguration, duplicate-PDU or already-submitted-PDU may be received and those PDUs are compressed by the existing ROHC context. If they are processed, ROHC context may be updated wrong way which will interrupt further operation. It is better to apply ‘silently discarding’ for those PDUs.
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Fig 1
As discussed above and shown in the figure 1, silent discarding does not work for handover and discarding after processing does not work for SCG change. We see following two solutions possible. 
Solution 1: Applying ‘discarding after processing’ and ‘silently discarding’ selectively as shown in the table 1

<Table 1>

	
	With handover
	Without handover

	MCG to Split reconfiguration
	discarding after processing
	Doesn’t matter; either way works

	Split to Split reconfiguration
	discarding after processing
	Silent discarding


Solution 2: Applying ‘silently discarding’ with some ENB restriction

· The problem occurs due to either early retransmission or IR packet transmitted with PDCP SN
· It is only downlink problem. Hence with smart ENB implementation, the problem can be avoided.

· The restriction could be;
<Table 2>
	
	With handover
	Without handover

	MCG to Split reconfiguration
	No early retransmission or IR packet in interspersed ROHC feedback packet
	No restriction

	Split to Split reconfiguration
	No early retransmission or IR packet in interspersed ROHC feedback packet
	No restriction


Solution 1 would complicate UE split bearer operation which is already complex. We like to avoid it unless the pain is really unacceptable.

Solution 2 is simple for UE but some concern may be raised w.r.t interruption time. The purpose of early retransmission is to reduce the downlink transmission interruption during handover. It can still be achieved by doing handover with MCG to MCG reconfiguration (after handover MCG bearer can be reconfigured to the split bearer). So there are open choices for network. If reducing interruption is more important, handover is performed with MCG bearers only and then the MCG bearer is reconfigured to the split bearer. If reducing reconfigurations is more important, handover is performed without early retransmission. 

Note that the restriction is needed only when ROHC is configured for the split bearer. If ROHC is not configured for the concerned bearer, no restriction is posed to network.

In our view, the drawbacks of solution 2 are not severe and can be mitigated. 
Proposal 1: To apply silent discarding in split bearer operation.

Proposal 2: To clarify that ENB shall ensure important ROHC packets not discarded due to e.g. early retransmission in split bearer operation  
Issue 2: discarding duplicate-PDU or replacing the stored PUD
As indicated in observations, duplicate-PDU does not occur during normal operation. Even if occurs, there seems no real scenario that newly received one and already stored one have different contents (i.e. they should contain the same PDCP SDU, and should be ciphered with the same key/COUNT and should be compressed with the same ROHC context).
During handover or reconfiguration to the split bearer, duplicate-PDU may occur but in this case duplicate-PDU is just retransmitted one and exactly same PDU as the stored PDU. 
Proposal 3: To silently discard duplicate-PDU.
3 Conclusion
Followings are proposed;

Proposal 1: To apply silent discarding in split bearer operation.

Proposal 2: To clarify that ENB shall ensure important ROHC packets not discarded due to e.g. early retransmission in split bearer operation  

Proposal 3: To silently discard duplicate-PDU.
Proposal 1 and 3 are aligned with the current baseline TP. There is no need to update the current baseline TP even if they are agreed. 
For proposal 2, it would be good to have a note to give clear guideline for implementation. The NOTE would be look like below.
Note: ENB should ensure that important ROHC packet is not discarded by UE during handover. Exact mechanism to do that is up to ENB implementation
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