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1 Introduction
RAN2 has discussed and agreed the data forwarding principles to provide loss less inter-eNB handover.  However, the conditions when loss less HO should be applied has not been discussed so far.  Further, data forwarding of fresh packets over S1 can potentially still be applied even when loss less handover is not a requirement.  This document looks at when loss less HO and data forwarding should be used and its implications on the specifications and makes recommendations.

2 Discussion

Forwarded data could take two forms for LTE – forwarding of buffered data in the eNB and forwarding of freshly arriving packets over S1.  Loss less HO requires that both these types of data are forwarded from the source to the target eNB.  

It should also be further noted that it cannot be assumed that all data received before the HO Command delivered to the UE are considered “buffered” data and have been allocated PDCP SNs.  This depends on implementations on whether the incoming packets are provided a PDCP SN as soon as they are  received by the eNB or whether the number is provided just before delivery to the UE in near real time.  Since this is an implementation issue and from standardisation point of view, any packets that have not been actually sent to the UE can be treated as fresh data over S1 as long the last used PDCP SN is used correctly.
2.1 Data forwarding and RLC-mode
It was also agreed that the forwarded buffered packets are based on RLC status reports.  Hence it seems obvious that these packets can only be forwarded for RLC-AM.

However, it is not clear if the data forwarding is a must for all RLC-AM mode nor is it clear when data forwarding for fresh data over S1 should be used.  

The following table provides the different possibilities for the different RLC states:

	RLC mode
	Fresh data over S1
	Buffered data in PDCP

	RLC-AM
	Forwarding possible
	Forwarding possible

	RLC-UM
	Forwarding possible
	Forwarding not possible


The choice of RLC mode is based on the residual BER required for bearer and the HARQ operating point.  The choice of data forwarding is also based on the QoS requirements for the bearer but also depends on cost and speed of the last mile.  For example, if the last mile topology for X2 is up to the S1 anchoring point, forwarding data will be costly for the operator and slow.  Operators may decide not to use data forwarding for these cases.  Further, the mobility rate of the UE may also impact the decision on whether to forward or not – it may not be worthwhile for a slow moving UE.   
Hence it is proposed that data forwarding should be optional for RLC-AM bearers.
Similarly, if the S1 link or MME S-GW link is slow, the path switch could be delayed significantly and it may be desirable to forward packets fresh packets over S1 also for RLC-UM. 
Hence it is proposed that:  Data forwarding should be optional irrespective of the RLC mode and should be a network decision per RB.
2.2 Impact on the terminal

The network decision to forward data or not has an impact on the terminal as well.  The impact depends on RLC-UM or RLC-AM.

For RLC-AM, the PDCP sequence number is continued after the HO in the target cell.  This is considered required for re-sequencing and identifying duplicates over the radio.  For this reason, the PDCP SN of the buffered packets and the last used PDCP SN are transferred to the target eNB by the source eNB..  

If buffered data is not forwarded to the UE, there is no reason to continue with the PDCP sequence number and it can be re-started with a known value.  Hence it is not essential to transfer the last used PDCP SN to the target eNB.  

Indeed transferring this to the target eNB over a slow X2 (compared to S1) could increase the interruption time since the target eNB must wait for this SN before sending any fresh data over S1.  If data forwarding is not used, then the last used PDCP SN should also not be transferred to be line and since the reason for not data forwarding are also reasons where the transfer  of PDCP SN is not optimal.
A similar issue also comes up RLC-UM.  For RLC-UM there is no need to transfer the PDCP SN to the target eNB and it can simply be re-started.  

It is hence proposed that: if data forwarding is not used, PDCP SN must be reset for both RLC modes.  

Since the UE must know if the PDCP should be reset or continued, it is also proposed to have: Some means to signal to the UE whether data forwarding is used for each bearer during the HO must be defined.  How this is done can then be discussed.  One example is to include this information in the HO command.
3 Conclusions
The document looked at data forwarding for RLC-AM and RLC-UM.  It is found that data forwarding should not be linked with RLC mode and should be chosen per radio bearer ideally for flexibility independent of RLC mode.

The following are proposed:

· data forwarding of fresh data should be optional irrespective of the RLC mode.

· if data forwarding is not used, PDCP SN must be reset for both RLC modes

· Some means to signal to the UE whether data forwarding is used for each bearer during the HO must be defined. 
· Since RRC messages are never forwarded from the source to target, it is proposed that the PDCP SN of the SRBs are always reset after the HO.
