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1 Introduction 
During [86#30] and [86#31] email discussion, some further issues are raised but not resolved:
Issue1: whether PDCP PDU received out of reordering window should be discarded? If yes, whether they should be deciphered and decompressed before discarding?
Issue2: During events causing change between split bearer and MCG bearer e.g. HO, RRC connection re-establishment and split bearer changes back to MCG bearer, would PDCP PDU and PDCP SDU be mixed together? If yes, will it impact the agreement in terms of treatment order i.e. reordering->decipher->decompress
Issue3: how to express whether reordering buffer is empty or not ?
2 Discussion 
2.1 Discard issue
In current PDCP specification, one PDCP PDU will be deciphered and decompressed even if it falls out of receiving window. This is mainly due to the fact that some important ROHC context e.g. IR maybe contained within PDCP PDU after handover and discard operation without extract ROHC context will result in severe deterioration of ROHC operation. 
As pointed out by some companies it is still true for dual connectivity if handover occurs within one MeNB. This is because ROHC context supposes also reset after handover and the PDCP PDU packet out of reordering window may also contain important ROHC context e.g. IR. 
It is also pointed out by one company that PDCP PDU should be discarded silently for SeNB change. The main reason is because no ROHC context will be changed during SeNB change. In our understanding it is not totally true. Here is one example. Assuming UE has already received PDCP PDU with SN 1,3,5 from MeNB and expects 2 and 4 from SeNB. Then SeNB is changed. PDCP PDU No.2 is out of reordering window because the window moves forward when reordering timer expires. There is no problem to discard No.2 PDCP PDU if there is no important ROHC context. But if PDCP PDU No.2 contains e.g. IR packet originally on SeNB i.e. the ROHC context is not added by MeNB later on, then it causes problem for ROHC operation. This is mainly because ROHC context can even be changed on the fly, although it is not so frequently. So it is also true for normal reordering operation i.e. without changing SeNB or intra-MeNB handover.
Proposal1: PDCP PDUs out of reordering window should be deciphered and decompressed before they are discarded
2.2 PDU, SDU Mixing issue and treatment order
At last RAN2 meeting it is agreed that after handover to one split bearer from either split bearer or MCG bearer UE shall do the reordering between stored SDU, if any, and new arrived PDCP PDUs. 
=>
PDCP maintains a Split bearer reordering function to reorder both SDUs and PDUs, after MCG bearer is changed to Split bearer and after Split bearer is changed to Split bearer.
And During the email discussion just before RAN2#87 meeting one scenario is mentioned that split bearer might be configured immediately after handover to MCG bearer. If the legacy reordering is not finished yet, then stored SDU might be mixed with new arrived PDCP PDUs. Buffer treatment could be taken as UE’s implementation. So this scenario is also covered by the agreement of last meeting. In addition target eNB can even avoid it since it knows when the legacy reordering will be finished. 
Oberservation1: PDCP SDUs mixed with PDCP PDUs due to immediate addition of split bearer after handover is also covered by above agreement
Another potential case is PDCP PDUs mixed with PDCP SDUs. It occurs when split bearer is reconfigured back to MCG bearer. This is mainly because reordering will continue temporarily after reconfiguration and the treatment order for MCG bearer suppose to be decipher->decompress->reordering. 
We don’t think it is a correct observation. If reordering continues temporarily after reconfiguration then all the treatment order should not be changed temporarily either. This would mean PDCP PDUs should be reordered at first before they are deciphered even if these PDCP PDUs are received solely from MeNB. Once temporary reordering is ended then UE’s behavior falls back to legacy behavior. In addition during reconfiguration there is no PDCP re-establishment i.e. no security key will be changed. 
Observation2:  PDCP PDUs will not be mixed with PDCP SDUs upon reconfiguration split bearer back to MCG bearer when temporary reordering is going on
Proposal2: UE’s behavior is aligned with split bearer in terms of treatment order unless temporary reordering is ended
Above two cases are used to justify changing the order of PDCP PDU treatment for split bearer i.e. to do deciphering before reordering. As indicated by observation1 and observation2 there is no strong motivation.
Proposal3: treatment order of split bearer is not changed unless other severe issue than mixing issue is identified
2.3 When to start/restart reordering timer
During email discussion the condition to start or restart a reordering timer is as following in the original TP:
“-
if at least one PDCP PDU remain stored in the reordering buffer and reorderingTimer is not running:”
“-
if at least one PDCP PDU remains stored in the reordering buffer and it is split bearer:”

The condition “at least one PDCP PDU remain stored in the reordering buffer” is changed to be following formula proposed by NSN:
if Next_PDCP_RX_SN -  Last_Submitted_PDCP_RX_SN > 1 or 0 < Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN < Maximum_PDCP_SN:

It would be better to change the condition to be a formula. Unfortunately the formula itself is not correct.
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Figure 1
In Figure 1, if Next_PDCP_RX_SN hasn’t reached PDCP SN=0 i.e. HFN is not increased yet, then there will be at least one PDCP PDUs remaining in the reordering window if Next_PDCP_RX_SN -  Last_Submitted_PDCP_RX_SN > 1.
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Figure 2
In Figure 2, if Next_PDCP_RX_SN has reached PDCP SN=0 i.e. HFN has been increased by one, then the maximum SN distance between Last_Submitted_PDCP_RX_SN and Next_PDCP_RX_SN is Maximum_PDCP_SN-1 i.e. Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN < Maximum_PDCP_SN. But the minimum SN distance is not 1 but the reordering window size-1 i.e. Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN> Reordering_Window. This is because maximum Next_PDCP_RX_SN is the SN just ahead of high edge of reordering window e.g. the yellow one in the Figure 2.
Proposal4: The condition “at least one PDCP PDU remain stored in the reordering buffer” should be: Next_PDCP_RX_SN -  Last_Submitted_PDCP_RX_SN > 1 or Reordering_Window < Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN < Maximum_PDCP_SN

3 Conclusion
Proposal1: PDCP PDUs out of reordering window should be deciphered and decompressed before they are discarded
Oberservation1: PDCP SDUs mixed with PDCP PDUs due to immediate addition of split bearer after handover is also covered by above agreement
Observation2:  PDCP PDUs will not be mixed with PDCP SDUs upon reconfiguration split bearer back to MCG bearer when temporary reordering is going on
Proposal2: UE’s behavior is aligned with split bearer before reconfiguration in terms of treatment order unless temporary reordering is ended
Proposal3: treatment order of split bearer is not changed unless other severe issue than mixing issue is identified
Proposal4: The condition “at least one PDCP PDU remain stored in the reordering buffer” should be: Next_PDCP_RX_SN -  Last_Submitted_PDCP_RX_SN > 1 or Reordering_Window < Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN < Maximum_PDCP_SN
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