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1 Introduction 
During a handover procedure, the source eNB would inform the target eNB the DL and UL PDCP SN status, and after the UE access the target eNB, the target eNB may optionally gives UE the UL PDCP SN status or asks UE to report its DL PDCP SN status, so eNB or UE can re-transmit  the missing SDUs to ensure a lossless handover.
For a UE that’s under a Relay, the data has to go all the way through two chained PDCP transmissions to reach gateway or UE, which raises a concern that the PDCP SN status information acquired by RN or UE may not reflect all the missing SDUs since now the data may also be lost in another PDCP process(Un). In this contribution we are trying to analyze this problem and suggest some solutions.
2 Discussion
Fig 1 is a simplified illustration (UL only) of the data path from the UE PDCP entity to the gateway. The shadowed blocks between PDCP entities are PDCP SDUs, and the numbers (X1, X2,…, Y1, Y2, …) are SDU sequence numbers.
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Fig 1

After Relay successfully receives a PDCP SDU (X1) from the UE on Uu interface,  it will forward X1 on Un interface with another sequence number (Y1) which is maintained between Relay and DeNB. Because PDCP layer doesn’t have concatenation or multiplexing functions, the content of SDU X1 and SDU Y1 are the same, just the sequence number is altered. Relay may keep the mapping between two sequence numbers for a while.
Now consider a simple scenario of UE handover from RN to DeNB.
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Fig 2

Before the handover, UE has transmitted PDCP SDU X1~X5 in sequence to Relay and for some reason the X4 is lost over Uu interface, the Relay continues to forward the received SDUs to DeNB over Un interface, and changed the sequence number to Y1~Y4. And SDU Y3 is lost again. 
 Then UE starts to switch to the target cell of DeNB, and as part of the handover procedure, the Relay will send DeNB a SN STATUS TRANSFER message over X2 interface between RN and DeNB. Because the PDCP SN status is not regularly exchanged between RN and DeNB according to current PDCP protocol, the RN has no knowledge that Y3 has been lost, and the first missing SDU SN reported to DeNB would be X5, which should actually be X3.  Consequently the X3 wouldn’t have chance to be re-transmitted by UE after it has accessed target cell and forever lost. 
The same problem happens to DL traffic too. 

Proposal 1: RAN 2 discuss if this problem exists and evaluate the seriousness.
The solution to this problem requires two parts: 

1. the RN should have the knowledge of the mapping between two sequence numbers (Uu PDCP SNs and Un PDCP SNs). And this is an implementation issue and doesn’t need standard efforts.

2. RN should be allowed to request up-to-date SN status report from peer PDCP entities of DeNB in case of handover. 

The RN has the capability to acquire the full knowledge of the missing SDUs both on Uu and Un interface before reporting SN Status to DeNB.

Proposal 2: A new mechanism of requesting PDCP SN status report from peer entities should be added in PDCP protocol. 

3 Conclusion 
In this contribution we raised a concern that the PDCP SN status report could be inaccurate when RN is involved and made some suggestions of the solution. The proposals are: 

Proposal 1: RAN 2 discuss if the PDCP SN status problem exists and evaluate the seriousness.
Proposal 2: A new mechanism of requesting PDCP SN status report from peer entities should be added in PDCP protocol.
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