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1 Introduction

This paper lists the remaining open issues of the intra-LTE data forwarding and proposes some solutions. 

This drives also a proposal answer to the LS R2-2956 received by RAN3.
2 Analysis of the LS
2.1 Understanding RAN2 decision on next DL PDCP SN issue

RAN2 has progressed the user plane handling at the Orlando meeting and taken some decisions in LS R2-2956. This has consequences on RAN3 work.
RAN2 has decided that:
1) that source eNB has to inform the target eNB about the next DL PDCP SN to allocate to a packet which does not have a PDCP sequence number, yet, either from source eNode B or from the GW.
This statement is understood for the forwarding of downlink packets in order to achieve PDCP reordering in the UE. The main purpose is to provide a means for the target eNB to put a PDCP SN on packets which don’t have one. It is believed that this applies to three types of packets:

· the packets buffered in the eNodeBs. Indeed, while some of these packets are in the process of being transmitted over the air and already went via source eNB PDCP layer (and got a number), it is believed that duplicates at IP layer (i.e. w/o SN) of these packets are to be forwarded over X2 when they have not been acknowledged by the UE,
· the packets in transit over source S1 during the handover procedure (until path switch),

· the packets freshly arriving over the target S1.

It is important that these three types of packets are received and treated at target eNodeB in this respective order in order to respect the in-sequence delivery.

The next DL PDCP SN that is requested in 1) to be informed to target eNodeB should therefore be the last PDCP SN acknowledged by the UE at source side (with no packet missing before) +1.

This next SN should then further be assigned by target eNB to the first packet received over X2 or, if none, to the first packet freshly arriving over target S1.
2.2 Analysis of the action requested to RAN3 on next DL PDCP SN issue
Once the understanding of RAN2 decision is shared and agreed, the impact to RAN3 needs to be looked at. It is addressed by the following bullet describing the action to RAN3.
1) specify a mechanism to inform the target eNB about the next DL PDCP SN to allocate to a packet which does not have a PDCP sequence number, yet, either from source eNode B or from the GW.
One thing important that can be noted on this mechanism is that it is not said how to inform the target eNB and therefore two potential candidate solutions for this are via control plane signalling or in-band signalling.

2.3 Other issues: end of forwarding timer
Another remaining issue for the downlink data forwarding is the timer issue. In order to respect in-sequence delivery, the target eNB must first send all packets forwarded over X2 before sending the ones coming from new target S1. The question is how long must the target eNB wait for X2 forwarded packets ?
Indeed the target eNB doesn’t know how many packets are currently buffered in the source eNB but also how many packets have been sent over source S1 by the SAE GTW before the path switch order occurred. Target eNB must wait for all these packets to arrive before starting to send packets received from the new target S1 and also must buffer these latter new S1 packets in the meantime. 
A timer will be necessarily set in target eNB. But this timer must take into account two durations:

· the duration between the HO Request Ack message sent by target eNB and the path switch,
· the additional time taken by the last packet sent over source S1 after the path switch occurred to travel through S1 and X2 and arrive at target eNodeB.  
This timer is obviously very inefficient. A big margin has to be taken, in particular for the first duration mentioned above because it includes a variable delay of several hops in the core network (target eNB- MME – SAE GTW) since the decision that RAN3 has made to switch the path via the MME.
The timer must accommodate the worst possible delay variation. If the timer would be set more aggressively, some data could be discarded.

This timer leads to bigger interruption time and any optimisation is suitable.
3 Solutions

This section proposes a solution for the issues highlighted above. It strives to have a generic solution covering all pending issues related to data forwarding elaborated in section 2.

3.1 Solution for the next DL PDCP SN issue (from the liaison)
An in-band signalling solution is proposed to inform the target eNB of the next DL PDCP SN (ACTION bullet1 of the liaison).  

The next PDCP SN is piggy-backed by the source eNodeB within the first packet forwarded over X2. Since the packet needs to be forwarded in any case, it can carry this information with minimal additional functionality.  To safeguard against this packet getting lost, the information is repeated in more than one forwarded data packet. The marking is thus done within the first forwarded packets so that the target eNodeB can treat them as soon as possible.
In those other cases when the source eNodeB doesn’t have any packet to forward, neither from its own buffer, neither arriving over source S1, it creates three dummy GTP packets that can equivalently carry this next PDCP SN information. 
These dummy packets do not contain any real user IP packets but just contain the header information (see Annex A for the packet layout). 

The three dummy packets are generated if needed by the source eNB after timer expiry (accounting for some possible packets over source S1) but the target eNB must anyway wait as well because it mustn’t send packets freshly arriving over target S1 before any X2 forwarded packet.

Also, if the system uses other solutions that will always have some data to forward from the source to target (as an example is given in section 3.3), then the source eNB will itself never need to generate these dummy packets.
The next DL PDCP SN piggy-back solution can therefore be summarized with the following diagram:
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3.2 Advantages of the piggy-back solution

This solution prevents from defining, specifying and testing a new control message to carry the next DL PDCP SN information.

Besides, in a specific system configuration where there will always have some data to forward from the source to target (see an example in section 3.3), then the solution is made even easier because the source eNB will never need to generate itself any dummy packet.
3.3 Solution for the end of forwarding timer issue
An equivalent in-band solution is proposed for that issue as well.

It consists in having the ASGW sending over source S1 three dummy packets just after receiving the path switch order from the MME. These three dummy packets follow the last valid packet sent over source S1 before the path switch occurs. 
When arriving at the target eNB (after the forwarding at source eNB), these three dummy packets signal the end of the forwarding phase. This enables the target eNB, after discarding the three dummy packets, to stop the timer and start immediately sending fresh data from the new S1 over the radio.

Note: Alternatively, a “last packet” indicator could also be set in the last packets sent over source S1 when they are available, but the dummy packets would still be needed when not available.

One advantage of this solution is that it is fully optional: It can be an add-on feature which improves network performance if all the nodes implement it.  It does not make it any worse if a node does not implement this: the non-optimized timer in the target eNB would then kick in instead and needs to be there anyway.

But moreover the big advantage of this solution is that it can dramatically reduce the interruption time of intra-LTE handovers. The target eNB will start sending the fresh data much earlier (when receiving the last forwarded packet before the timer expires. It also reduces the latency of the packets arriving over S1.
Besides, another advantage of this solution is that when the ASGW implements it, there is always packets to be forwarded over X2 (at minimum the three dummy packets from the ASGW) meaning that the source eNB never has to generate itself dummy packets for solving the other next DL PDCP SN issue (as explained in section 3.2).  
4 Conclusion

This paper has analysed two outstanding issues for the forwarding of DL packets over X2:

· the transmission of the next DL PDCP SN as requested by the incoming liaison xxx,
· the increased interruption time due to the timer in the target eNB set in order to fulfil the in-sequence delivery of the data coming from X2 and new S1.
In-band solutions have been proposed for these two issues:

· (1) the next PDCP SN is piggy-backed with the forwarded data,

· (2) dummy GTP packets signal the end of the forwarding phase.

The key advantage of (1) is to avoid defining, specifying and testing a new control plane message.

The key advantage of (2) is to reduce the interruption time.

In addition to being optimal, these in-band solutions are also complementary since when (2) is implemented, there are always data to be forwarded which enable easy (1) at same time. 

If these solutions can be agreed, Alcatel-Lucent proposes and volunteers to update TS36.300, TS36.423 & 36.413 accordingly.
5 Annex A
	
	
	
	Bits

	
	Octets
	
	8
	7
	6
	5
	4
	3
	2
	1

	GTP header
	1
	
	Version
	PT
	(*)
	E
	S
	PN

	
	2
	
	Message Type=normal GTP-U packet

	
	3
	
	…

	
	..
	
	…

	
	..
	
	…

	
	n
	
	…

	GTP payload
	‘n+1’ - m
	
	IP packet payload



A typical GTP packet showing GTP header with payload
	
	
	
	Bits

	
	Octets
	
	8
	7
	6
	5
	4
	3
	2
	1

	GTP header
	1
	
	Version
	PT
	(*)
	E
	S
	PN

	
	2
	
	Message Type=dummy packet

	
	3
	
	…

	
	..
	
	…

	
	p
	
	…


An example dummy packet
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