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1 Introduction

Documents [1] and [2] at the last RAN2 #59 discussed the different data forwarding options.    This document looks at the topic in more detail and makes recommendations

2 Discussion

As was discussed in [1], the choice of data forwarding could also depend on the cost and delay associated with the X2 interface.  Hence it might not always be worthwhile to forward data for RLC-AM mode if X2 is costly or slow.  Similarly, it might be useful to forward data even for RLC-UM if X2 is fast.  Since the choice of forwarding is apart from the bearer QoS requirement, is also dependent on X2, it would be nice to have the flexibility to choose between forwarding and not for specific HOs rather than at bearer establishment provided additional complexity is minimal.  
This possibility is discussed in more detail below for DL and UL separately.

PDCP SN handling during is also discussed.

2.1 Data forwarding for DL
There are two types of data that can be forwarded for the DL – fresh data arriving over S1 after the HO preparation phase and data buffered in the source eNB (those that have been processed by PDCP and attempted to be delivered to the UE).  As discussed above, there are some benefits in having flexibility on when to forward and what to forward.

However, it is observed as explained below that based on the currently defined behaviour of PDCP during HO and in sequence delivery by RLC, it seems possible to provide this flexibility with no additional complexity in the UE.  
2.2 Exploiting current agreed behaviour of PDCP and RLC

Some agreed behaviour of PDCP and RLC:

1) RLC provides in-sequence delivery

2) PDCP does re-ordering and duplicate detection based on PDCP SN

3) Target eNB prioritises data over X2 before data over S1

4) All unacked PDCP SDUs are forwarded by the source to the target eNB along with their respective PDCP SNs.  The target will use the same SN to send these packets.
This can be combined with additional network behaviour (normal expected network behaviour but not captured yet):

1) source eNB will forward these packets in the correct order to the target eNB

All this implies that under normal operation, the PDCP will indeed receive packets in order of missing packets.

The Figure 1 below shows normal forwarding and PDCP operation during HO (duplicate packets and PDCP control PDU not shown).
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Figure 1: PDCP SN handling during HO
From this the receiving PDCP in the UE can infer that if packet 7 was received before 3 or 5, then packet 3 and 5 was somehow lost or not forwarded and is unlikely to be received subsequently.  Thus, on receipt of 7, PDCP can deliver the packets up to SN 7 to the higher layers.  The figure below shows the case where 3 and 5 were not forwarded.
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Figure 2: Case where data forwarding is not used for the DL

From the above, the following conclusion can be drawn: 
There is no need to signal the network behaviour with respect to data forwarding to the UE.

In the following section we examine how this can be applied for the various “lossy” and lossless cases.  

2.2.1 Out-of-order delivery by X2 transport network
The above discussion assumes that packets arriving out of sequence over the target network is rare.  In the rare event it does happen, this packet should be simply treated  as a lost packet and if the UE eventually receives it, it can simply discard this packet.  
Note that no provision is made in the specs for packets arriving out of sequence over S1.

2.2.2 “Fresh data”

Fresh data is data that has not been attempted to be delivered to the UE and these are essentially the same packets as received over S1 except they are being sent via the source eNB to the target eNB.  There are two proposals on how to handle this – one is to essentially provide them with PDCP SNs (based on GTP SN/PDCP SN relationship) and other is treat them at the target similar to the packets received over S1.  Irrespective of the mechanism used, as long as the data is sent in sequence by the source eNB, they will be processed in the correct order by the target (assuming again that packets arriving out of sequence over the target network is rare).  As mentioned above, it has already been agreed that the target eNB shall prioritise data over X2 before sending data over S1.
Again, it seems possible not to have any indication to the UE about the status of forwarding in the network as shown in the Figure 2 above.

2.2.3 PDCP SN handling

Reset or continue

One issue that needs further discussion is how PDCP SN should be handled.  Putting aside security issues for now, it would have been possible to reset the SN for the cases where there is no forwarding of buffered data.  However, there does not seem to be significant benefit in terms of reduction in interruption time if the X2 delay is comparable to twice S1 (which would be the case if the X2 topology is to go back up to the EPS) since the time taken to forward the SN is comparable to the time taken to update the SGW and for the first packet to arrive.  Further maintaining the SN (and the corresponding HFN) means no additional means is necessary to identify the volume of data for purposes of identifying the key age.

Since there is not much saving in interruption time, it does not seem worthwhile to have different mechanisms for the case where data is forwarded and where data is not.  

Wrap around handling
Some mechanism must be employed to take care that wrap arounds do not result in an HFN de-synchronisation.   This is required for all forwarding solutions and is considered a separate topic on its own and not discussed here but in a separate contribution [3].
2.2.4 Status PDU handling

The use of the status PDU was agreed.   There are two possible options for the Status PDU:

1) Make it mandatory for the UE to send the Status PDU:  If the network does not need it, it is simply discarded.  This is simple and there are no options or signalling involved to the UE.  But it is wasteful to send it over the radio if the network is not going to use it.
2) Optional for the UE to send it based on network indication: This saves radio resources of sending the status PDU if the network does not need it.  However, it adds additional complexity of signalling to the UE to send the Status PDU. 
For simplicity, it seems option 1 to have the UE send the status report always seem to be the easiest solution.

In either case, it has no direct impact on what is discussed above.  If the target receives the status information, it can avoid sending data already received by the UE.  It may reduce the chance of a wrap around but since it is possible to start sending data before the status information, wrap arounds cannot be ruled out.
2.2.5 RLC-UM handling

The main difference between RLC-AM and UM is that there is no buffered data to forward for RLC-UM.  There is no real reason to treat fresh data differently for RLC-UM and AM.  The rest of the discussion is equally applicable for RLC-UM as well.

2.3 Forwarding for UL
It is claimed in [2] that the performance impact of not forwarding UL data is not significant.  Alcatel-Lucent also agrees largely with these results that the performance even without UL data forwarding may be acceptable.   However, it would nice if the network can choose whether to forward data or not based on X2 costs, provided it has no impact on the UE complexity.  

For the UL using the already defined Status PDU, it is again shown below that it is possible for the have this flexibility in the network with no additional signalling is required to the UE.

The simple solution for the UL is then to use the proposal in [2] as the baseline.  The UE assumes that no data is forwarded and is ready to starts transmitting from the first unacked SDU.  This case is shown in the Figure 3 below.
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Figure 3: Figure showing UL handling, without data forwarding

If the network has performed UL data forwarding, the target eNB provides the Status PDU to the UE.  This allows the UE avoid repeating the packets that have been received by the network as indicated by the Status PDU.   Any repeated packets sent before the status report will be discarded as duplicates in the target eNB as before.  The behaviour with data forwarding is shown in Figure 4 below.
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Figure 4: Figure showing case with Data forwarding for UL

This mechanism is simple and it allows the network the flexibility to choose between forwarding and not forwarding.  It does not need any additional signalling or complexity in terms of having different UE behaviours specified depending on network choice.  

However, this does mean that the network must reconfirm if it has received the subsequent SDUs even if they have been acked by the source eNB.  It can also increase the buffering requirements on the UE since it has to buffer data starting from the first unacked SDU instead of just the unacked SDUs.

2.3.1 PDCP SN handling - Reset or continue

Since it is found useful to continue with the PDCP SNs after the HO for the DL, and the similar discussion is also applicable for the UL, it is proposed to do the same also for the UL irrespective of forwarding or not forwarding.
3 Conclusion

In conclusion, it is shown that there is no need to inform the UE either for the UL or DL whether the network performs data forwarding or not.  
The only additional requirement identified is that the source eNB forwards data in the correct sequence to the target for the DL.  
For the UL, the UE must start to re-send data towards the target eNB starting from the first unacked SDU.  The network can use Status PDU to avoid duplication in case where UL forwarding is used.
The proposed solution is simple for the UE in that there is no optionality or different behaviour  on the UE depending on network choice on forwarding.  
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