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1 Introduction 
At RAN2 #86 meeting in UP session it is concluded after discussing contribution [1] as following:
=>
The PDCP starts reordering function immediately after receiving split bearer configuration message.
=>
At split bearer reconfiguration towards MCG bearer, MCG RLC is not re-established
=>
After split bearer reconfiguration towards MCG bearer, PDCP continues reordering operation for a short while.

- Until reordering buffer is emptied

- Until reordering buffer is emptied and next received PDU does not create SN gap

- Until a timer expires


- Until an explicit indication is received


- Left for UE implementation
=>
[EMIALDISC] PDCP reordering after split bearer reconfiguration towards MCG bearer (NSN)
However during the email discussion it is not so clear which one is majority one. Our proposal is to take 3rd one i.e. to wait until one timer expires. This paper tries to explain the main reason for that. 
2 Discussion 
Reconfiguration from split bearer to be MCG bearer could be initiated either by MeNB or SeNB. NO matter which one is initiator the RRC container will be built by SeNB. Figure 10.1.x.2.2-2 is cited from [2] is used to explain the control plane procedure.
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Figure 10.1.X.2-2: SeNB Modification procedure - SeNB initiated.

From UE point of view temporary reordering is started when it receives message4 i.e. RRCConnectionReconfiguration message because that RRC message supposes to tell UE the detail of reconfiguration. This procedure is kind of non-synchronized procedure i.e. step7 is not needed. The real impact will be somewhere between step4 and step5.
Observation1: temporary reordering state is started after UE receiving RRC connection reconfiguration message.
In order to advance the reordering window smoothly the PDCP PDUs from SeNB and MeNB with neighbouring PDCP SN suppose to arrive at same time or very close time. From UE point of view the UE can’t receive any packets from SeNB when it receives RRC reconfiguration message from MeNB to ask it to release one split bearer on SeNB. However UE continues to receive packets from MeNB. SeNB will stop transmit in downlink at some point of time after it send “SeNB Modification required” message to MeNB to avoid potential transmission failure over Uu interface and sends one PDCP status report to MeNB according to RAN3’s agreement at last meeting. When MeNB receives PDCP status report from SeNB, MeNB will realize that some PDCP PDUs with lower PDCP SN which suppose to go through SeNB need be transmitted via MeNB.
So from UE point of view normally the situation would be depicted in Figure1:
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Figure 1 
In PDCP layer some PDCP PDU e.g. No.1 and No.3 PDCP PDU have arrived from MeNB. This means UE realize that reordering is needed and one reordering timer will be started. At the same time some PDCP PDUs are on the way of MeNB i.e. these PDCP PDUs are generated and given to lower layer i.e. RLC/MAC layer. In Figure1/Figure 2 they are No.5/7 PDCP PDU.  If there are any PDCP PDUs which are indicated by SeNB failed to go through SeNB e.g. No.2/4/6  PDCP PDU in Figure 2, they will always be arranged after PDCP PDUs on the way due to fact that RLC of MeNB will deliver in sequence. So if reordering is started, then all PDCP SN “gaps” due to bearer splitting will appear before MeNB start to transmit PDCP PDUs in sequence. In case SeNB has a PDCP PDU with PDCP SN higher than PDCP PDUs on the way e.g. No.8, then it will not disturb the reordering procedure anymore because MeNB will obviously arrange it in sequence e.g. after No.9 in the Figure1.
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Figure 2
In this case normal reordering procedure can run. The reordering timer will be restarted again if there are “gaps” coming from lower layer. If there is no “gap” then reordering timer will be stopped naturally and reordering is stopped. In the example in Figure 1 when PDCP PDU No.8 is received by UE, reordering is finished. So it sounds like UE can know when temporary reordering is ended based on the knowledge that no PDCP SN “gap” appears anymore i.e. either solution1 or solution2 works.
But there are some exceptions which can’t be resolved by solution1 and solution2.
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Figure 3
In Figure 3 UE receives No.1 PDCP PDU in PDCP layer after it receives RRCConnectionReconfiguration. Then it will realize there is PDCP SN “gap”. It is even further convinced that no reordering is needed when No.2 PDCP PDU is received from RLC layer in MeNB. However it is not true because it will receives No.5/7 from MeNB and the PDCP SN “gap” will be filled by No.3/4 and No.6 afterwards.
Another example is explained by Figure4 when RRCConnectionReconfiguration message is received and Figure 5 temporary reordering after that:
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Figure 4
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Figure 5
In Figure4 temporary reordering is started. UE receives No.1 PDCP PDU from MeNB and No.2/4/6 from SeNB. No.8 PDCP PDU will be transmitted by MeNB after No.3/57/9 because they are on the way. According to currently reordering rule reordering is ended when UE receives No.3 and No.5 because they fill the PDCP SN “gap” between No.2/4/6. And UE receives No.7 which doesn’t create “gap” anymore. But when No.9 is received the reordering should be started again otherwise No.8 will be discarded.
Conclusion: from above analysis solution1 and solution2 actually doesn’t work
Observation2: UE actually doesn’t know exactly when temporary reordering is ended.
The uncertainty period causing PDCP reordering actually starts from message1 and ends a bit long after UE receive RRC connection reconfiguration i.e. message4.  So it last around 50ms assuming 20ms X2 delay and 20ms Uu delay to complete reconfiguration. On the other hand it is also related to UP operation. The short period to do reordering temporary also depends on how much PDCP PDUs are on the way i.e. below PDCP layer of MeNB when UE receives RRCConnectionReconfiguration message. If there is no such PDCP PDUs are on the way temporary reordering is not needed anymore. Considering the size of RLC PDU is closely linked to availability of radio resource there will be not so much new RLC PDU. And in order to reduce the number of PDCP PDUs on the way MeNB can do polling in parallel with RRCConnectionReconfiguraiton message in order to move transmitting window further. One reordering period is sufficient to cover all possible PDCP SN gap. One way to resolve this problem is to introduce one timer (let’s call it timer TR).  Here are the rules about this timer:
TR timer is started when UE receives RRCConnectionReconfiguration message and its value is configurable;
The temporary reordering is ended when TR timer expires;
Proposal1: After UE receives RRCConnectionReconfiguration message to reconfigure split bearer to MCG bearer UE should start TR timer immediately.
Proposal2: Temporary reordering is ended when TR timer expires
3 Some other solution
As network vendor we don't like the idea to leave this to UE’s implementation since it creates some uncertainty for network. During email discussion there are still 2 solutions on the table:
Solution4: Until an explicit indication is received

Solution6: The re-ordering continues until PDCP re-establishment.

The concern on solutoin4 is additional complexity for specification and standardization work.  As explained above the period to do temporary period will last very shortly. That’s why one timer is sufficient to resolve the problem. The indication from network actually works because MeNB know when the gap will disappear. But it will stir up more discussion e.g. whether it should be control plane indication or user plane indication, if it is user plane which protocol layer is best. For example whether the indication should be confirmed by UE and what should UE do if this indication is missed etc. Considering there is not so much time is left for this WI, simpler solution is preferred.
Solution6 also works in theory but it adds more complexity for UE. Normally UE will not do any reordering for MCG bearer. But now UE also needs to do reordering if this MCG bearer is reconfigured from split bearer. And actually it is not a “temporary” reordering anymore if no PDCP re-establishment occurs. And it doesn’t align with the agreement of last RAN2 meeting. Another concern is it will impact PDCP layer performance also. If one PDCP PDU is discarded for some reason the receiving window will stalled for at least one reordering period which is not necessary.
4 Conclusion
 Based on above discussion following observation and conclusion are achieved:
Observation1: temporary reordering state is started after UE receiving RRC connection reconfiguration message.
Observation2: UE actually doesn’t know exactly when temporary reordering is ended.
Conclusion: from above analysis solution1 and solution2 actually doesn’t work
Proposal1: After UE receives RRCConnectionReconfiguration message to reconfigure split bearer to MCG bearer UE should start TR timer immediately.
Proposal2: Temporary reordering is ended when TR timer expires
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