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1 Introduction

In RAN3#57 several data forwarding mechanism were discussed and agreements and open issues were summarized in [1]. The contribution in hand proposes solutions for the following open issues that were listed in [1] :

“

· Is a timer based solution sufficient or should other means be provided in order for the target eNB to decide on when the last packet has arrived on X2? 

· Additional protocol support for reordering in the target eNB. Possible solutions mentioned:

· marking of the last packet.

· One or several specific “end marker” packets.

· Usage of GTP SN

“

This contribution discusses the GTP-U and “end marker” based solution and introduces an alternative variant for the “end marker” solution.

2 Discussion
In RAN3#57 meeting many companies felt that a solution that relies on a time-out based solution for indicating the end of data forwarding is not sufficient for the E-UTRAN because this systematically introduces an additionaly U-Plane processing delay duringHO. Two solutions were discussed that allow recognizing the target eNode B that path switching has been done at the EPC.

a. Insert GTP-U SNs at the PDN-GW.

b. Insert an “end marker” packet at the EPC entity that is doing the path switch.

2.1 Comparing end marker packet solution and GTP-SN based solution 

Backhaul costs of the E-UTRAN are seen as an important issue by many operators. Therefore it’s worth to discuss the additional overhead that is caused by the different proposals. This is especially important when it’s expected to provide services that typically lead to short packet sizes, e.g. VoIP.

Considering just the HO phase the overhead that is caused by inserting an “end marker” packet may be higher than that of transferring a GTP-U SN in every packet. However, we assume that the GTP-U SN would have to be inserted in the GTP-U headers for the whole livetime of the EPS bearer, because the PDN-GW has no knowledge when a HO occurs in the E-UTRAN. On the other hand, the “end marker” packet needs to be inserted just once per HO.

Conclusion: Therefore we think that the solution with the “end marker” packet should be used instead of the GTP-U SN based solution. 
2.2  Alternative “end marker” solution

2.2.1 DL data “end marker”

In RAN3#57 we suggested the usage of an “end marker” packet in order to properly handle UP packets during intra-LTE HO [2]. While the proposed solution for DL data forwarding is quite straight forward concerning the timing between path switch and insertion of the “end marker” packet this solution has the drawback that two EPC entities may be involved, depending on the location of the path switching point. Therefore we suggest an alternative solution that prevents from adding complexity to the EPC, i.e. the solution performs without EPC involvement.

The alternative “end marker” solution works in the following way:

1. The target eNode B receives the “Handover Confirm” message from the UE.

2. On reception of this message the target eNode B sends a new C-Plane message  X2AP “Handover Confirm
” to indicate to inform the source side that the UE has arrived.

3. On reception of this message the source eNode B, an  “end marker” packet is inserted to the end of each bearer-buffer queue (or, alternatively, this end marker is inserted into the last packet of each bearer-buffer queue, if to be forwarded packets are available). The source eNode B continues to forward trailing DL data packets even after it has sent the “end marker” packet.

4. When the target eNode B detects the “end marker” packet it starts to process DL data packets arriving or buffered at the ingress of the S1 interface. Trailing DL packets that are arriving at X2 interface of the target eNode B after detection of the “end marker” are still handled in an implementation specific way (it is suggested to prioritize them over packets from the S1 interface).

Figure 1 shows the suggested flow:
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Figure 1: Flow with "end marker" packet
Discussion of the optimization:

From 3., 4 and Figure 1 it can be seen that there is chance that out-of-sequence delivery to the terminating PDCP layer can occur. However, we believe that these out-of-sequence events are sufficiently small that higher layer applications, especially TCP based applications, will survive these events without deterioration.

Note:
Assuming C-plane delay of 2ms, U-plane delay of 1ms per interface, C-plane processing delay of 4ms and U-Plane processing of 4ms delay, it can be estimated, that U-plane packets can arrive at the source eNB for about 7ms at the old S1-U interface, i.e. U-plane packets may arrive 7ms out of order at the target eNB. Assuming a 20Mbps streaming service, this would require up to 17,5kbyte additional buffer at the application.

Therefore we suggest applying this “EPC-less” end marker solution.

2.2.2 UL data “end marker”

If a separate GTP-U tunnel for UL data forwarding is used
 then a further optimization is possible for the “end marker” packet solution. If the new C-Plane message that was agreed in RAN3#57 in order to ‘convey the UL PDCP SN(s)’ really conveys the SNs of all forwarded UL data packets, then there’s no need to insert the a “end marker” packet for the UL data forwarding stream. This is justified because we think that not many packets will need to be forwarded in UL direction.

Therefore we suggest to agree on the usage of a separate GTP-tunnel for UL data forwarding and to provide comprehensive PDCP SNs information for UL data.  

3 Proposal

It is proposed to discuss the “end marker” scheme as presented in secion 2 and to agree on the following suggestions:

· to introduce a C-Plane message in order to inform the source eNode B about arrival of the UE at the target side as described in section 2.2.1 item 2
· to insert the “end marker” packet as described in section 2.2.1 item 3
· to handle data packets received from S1 and trailing data packets from X2 as described in section 2.2.1 item 4
· to agree on the usage of a separate GTP-tunnel for UL data forwarding as well as to provide comprehensive PDCP SNs information for UL data instead of using a “end marker” packet for UL data.

If agreed we propose to update TS 36.300 accordingly and to send a LS in order to inform RAN2 and SA2 about the decisions.

4 References

[1] R3-071747
Agreements and open issues on SN during data forwarding; Ericsson; RAN3#57; Agreed

[2] R3-071573
Data forwarding mechanism over X2 and S1 interface; Nokia, Nokia Siemens Networks; RAN3#57; Noted

































































































































































































































































































































� Name to be discussed


� Working assumption in RAN3#57
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