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1 Introduction
Document [1] discusses the different data forwarding options and concludes that there is no need to inform the UE whether the network performs data forwarding or not.

But it is pointed out in the contribution that, for all forwarding solutions, some mechanism must be employed to make sure that a wrap around does not result in HFN de-synchronisation.  

The purpose of this paper is to discussion the handling in PDCP of HFN synchronisation during eNB handover.
2 Discussion
First of all, it should be noted that the discussion below assumes that we maintain continuous counter values during eNB handover (independently to SA3 key refresh mechanism). The case of HFN reset to 0 under the target eNB is not considered in this contribution.
2.1 Handling in the DL: Receiver in the UE

            

For the discussion below, the following naming convention is taken:

COUNT-C#A = (HFN#A, SN#A): HFN and SN values of the first PDCP SDU transmitted to the UE by the target eNB.
COUNT-C#B = (HFN#B, SN#B): last used values in the receiving side of the UE, i.e. corresponding to the latest PDCP SDU received by the UE under the source eNB.

At eNB HO, the receiving side of the UE has to deduce HFN#1 from SN#A and COUNT-C#B.
Depending of the status in the source eNB, even in the case of lossless handover, the 3 following scenarios are possible:

Scenario#1: HFN#A=HFN#B 
Scenario#2: HFN#A=HFN#B – 1
Scenario#3: HFN#A=HFN#B + 1
Scenario #1:

SN#A=3 and SN#B=4

HFN#A = HFN#B
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Figure#1: DL (HFN#A = HFN#B)
Scenario #2:

SN#A=127 and SN#B=0

HFN#A = HFN#B - 1
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Figure#2: DL (HFN#A = HFN#B – 1)
Scenario #3:

SN#A=0 and SN#B=127

HFN#A = HFN#B + 1
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Figure#3: DL (HFN#A = HFN#B + 1)
The UE should have a PDCP receiving window around SN#2 in order to be able to calculate the HFN#1, even to be able to handle lossless handover only.
With a window value a bit bigger than for lossless only, all the forwarding options described in [1] would be transparent to the UE.

Conclusion for the DL:
Independently of the data forwarding option, the UE PDCP entity should have a receiving window around the SN of the last PDCP SDU received in sequence in order to calculate the HFN corresponding to the first received SDU under the target eNB.

2.2 Handling in the UL: Receiver in the target eNB

Here the question is how to initialise the HFN part of the COUNT-C in the target eNB.
For the discussion below, the following naming convention is taken:

SN#C is the SN value of the first SDU sent by the UE under the target eNB. 

Hypothesis: The source eNB provides to the target eNB the COUNT-C value corresponding to the last UL PDCP SDU received in sequence + 1. The result of the discussion would be the same if the value would not be incremented by one by the source.

Let’s call COUNT-C#D this counter = (HFN#D, SN#D)
At eNB HO, the receiving side of the target eNB has to deduce HFN#C from SN#C and COUNT-C#D.
As proposed in [1], the UE is asked to retransmit starting from the last UL PDCP SDU acked in sequence by the source eNB.
So similarly with the DL, the target eNB should have a PDCP receiving window around SN#D in order to be able to calculate the HFN#C.

Therefore, depending of the status in the source eNB, the 2 following scenarios are possible:

Scenario#4: HFN#C=HFN#D 
Scenario#5: HFN#C=HFN#D – 1
Scenario #4:

SN#C=2 and SN#D=3

HFN#C = HFN#D
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Figure#4: UL (HFN#C = HFN#D)
Scenario #5:

SN#C=127 and SN#D=0

HFN#C = HFN#D - 1
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Figure#5: UL (HFN#C = HFN#D - 1)
Conclusion for the UL: 
The target eNB PDCP entity should have a receiving window around reference SN provided by the source eNB (e.g. corresponding to the last UL PDCP SDU received in sequence + 1) in order to calculate the HFN corresponding to the first PDCP SDU received.

3 Conclusion

In conclusion, it is shown that for all forwarding solutions, a window mechanism must be employed to avoid HFN de-synchronisation at eNB handover.

It is propose to capture this in the PDCP Stage 3.
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