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1.
Introduction

This is mainly a RAN 3 paper submitted to RAN 2 to point out the possible issues associated with DL Data forwarding considering the decisions from RAN2#58bis.  DL data forwarding scheme were discussed in RAN2#58 bis and a LS was sent to RAN 3[1]. One of the actions in the RAN2 LS[1] is asking RAN3 to “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.”. This contribution discusses this required action and its consequences. Please note this contribution is discussing only the data forwarding for DL.
2.
Discussion
2.1
indication of next PDCP SDU SN

The RAN2 decision will result that some forwarded PDCP SDUs have SN and some do not have. We understand that this is due to the timing of the informing the next PDCP SDU SN from source eNB to target eNB. This is further explained below.

The informing can be either done by C-plane or U-plane. 
If by C-plane, naturally it should use the X2: HO Request (Fig.1). 
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Figure 1. informing next PDCP SDU SN (RAN2)      Figure 2. informing next PDCP SDU SN (RAN2)


[image: image3.emf] 

S - GW  

 

S -   eNB  

 

T -   eNB  

SDU#1  

SDU# 3  

SDU# 2  

Path Switch  

SDU# 6  

SDU# 5  

SDU# 4  

PDCP SDU + SN  

PDCP SDU  without  SN  

T his example shows the S - eNB  indicate next PDCP SDU SN  start from 3.    


Figure 3. S-eNB receives packets from S-GW and forwarding to T-eNB
This consequently mean that there will happen that some forwarded PDCP SDUs will have PDCP SDU SN and some will not have. This is because at the timing of the X2: HO request, the source eNB may still receive S1 GTP-U packets from the S-GW, so after the indication in X2: HO Request, those received S1 GTP-U packets afterward in the source eNB will not have PDCP SDU SN when forwarding. (On the contrary, those already received S1 GTP-U packet before the timing of the X2: HO request, will have PDCP SDU SN when forwarding).    It can be argued that this consequence is due to the timing of the informing so in order to avoid such consequence, a new X2 procedure can be introduced (Fig.2). This idea can not avoid the problem completely simply because the timing of informing can not be earlier than the S1: HO Complete i.e. the path switch in S-GW. Therefore in any case, after the informing of the next DL PDCP SN from source eNB to target eNB, the source eNB may still receive S1 GTP-U packets from the S-GW.

The other alternative is to use U-plane to indicate the next PDCP SDU SN from the source eNB to target eNB. For example, in the figure 3 above, the next PDCP SDU SN is indicated in the forwarded SDU#2. This, still can not avoid the problem for the same reason that the source eNB may still receive S1: GTP-U packets from the S-GW after the indication.

The problem for the “some will have PDCP SDU SN and some will not” is the complexity in the source eNB. The source eNB when receive GTP-U packets S-GW, will attach the PDCP SDU SN and then put in the PDCP buffer ready anytime for transmitting to the UE. This “some will have PDCP SDU SN and some will not have” will mean that the source eNB will have to have addition steps when considering the data forwarding. We consider this as not our preference to do. 
Further problem of RAN2 decision
The indication of the next PDCP SDU SN may result in some packets are not sent to the UE and some packets are duplicated after the resuming packet transferring after HO. This is further explained below.

The packets from X2 and S1 do not ensure any order that the ones from X2 will arrive first at the target eNB. It would then mean the S1 packets may arrive earlier than those from X2. We give an example to describe the problem.

The figure 4 illustrates the example that SDU#6 from S1 arrive earlier than SDU#3 from X2 at target eNB. According to RAN2 decision, the target eNB will allocate PDCP SDU SN to the next received packet without SN either from X2 or S1. In this example, the target eNB will allocate PDCP SDU SN (e.g. =3) to the received SDU#6, while the SDU#3 have been already allocated the same SN (e.g. 3). This case may happen if the source eNB have been trying to send the SDU#3 to the UE but never receive the acknowledge (in RLC layer) due to instability during the HO phase. So the eNB will forward this SDU#3 to the target eNB. However, if the UE have already received this SDU#3, he will ask the target eNB to start forwarding from SDU#4. The serious problem happen here that if the target eNB allocate the PDCP SDU SN to SDU#6 as SN=3 and to SDU#3 as SN=4 (due to the first come first serve behaviour), as the UE is asking target eNB to send start from SN=4, the SDU#6 will be lost and the SDU#3 will be duplicated.
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T his example  shows the  S - eNB  indicate next PDCP SDU SN  start from 3.    


Figure 4. mess-up of packet from X2 and S1 in target eNB
How frequent this kind of situation happen?  Of cause if the transport system is always very stable, it can be assumed that it is rare that the packet from S1 will arrive at target eNB earlier than those from X2. However, considering that if the traffic increase, or burst may happen quite frequently, we can say that this kind of situation will be likely more frequent than thought.

2.1
Other means to avoid the problem
It has been several times discussed in the past RAN3 meetings to have the indication of last packet from the source eNB to the target eNB [3]. This suggestion however have been ruled out due to some potential problems such as the lost of packet that has indication as last, the last packet arrive earlier than others, no data to forward. It has been identified that the last packet solution does not work well. 

Other already suggested solution is to have timer in target eNB so that before timer expiry the target eNB transfer packets received from X2 and after timer expiry the target eNB transfer packets received from S1[4]. The main disadvantage of this timer solution is that the timer will be fixed even if there is no forwarding data so will lead to constant interruption during HO.
3
Proposed DL data forwarding scheme with signalling aspect
In order to avoid the problem explained in the above, it is proposed to consider the following as the data forwarding scheme in LTE. The mechanism is depicted in the following (Fig.5). 

· Sequence number is added in the S1 GTP-U packet between the S-GW and eNB. At the eNB, the PDCP attaches a PDCP SDU SN. The PDCP corresponds the PDCP SDU SN with the S1 GTP-U SN.

· During the preparation phase of the inter eNode B HO, an offset between PDCP SDU SN and S1 GTP-U SN is transferred in the X2: Handover Request message from source eNB to target eNB.

· The source eNB start forwarding from the packet which has not received acknowledge from the UE. 

· The target eNB when receives a HO Confirm from the UE, it then send a S1: HO Complete message to the S-GW. From now the S-GW will switch and then transfer the packet to the target eNode B. So at this point of time, both the forwarding packet data from source eNB and packet data from S-GW may arrive at the target eNB out of order i.e. the packet data from S-GW may arrive earlier than forwarding packet from source eNB. 

· The arriving out of order packet data from both the source eNB and S-GW are re-ordered in the target eNB by the S1 GTP-U SN.

· The next expected packet data sequence number (PDCP SDU SN) is informed by the UE in the HO Confirm message. The target eNB then correspond this PDCP SDU SN with the S1 GTP-U SN by the offset (which was transferred in the X2: Handover Request message from the source eNode B). The Target eNB then start transferring the next expected packet data to the UE.
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Figure 5 Proposed data forwarding scheme
The example showed above is for the intra EPC node Handover (that is X2 Handover) however this proposed scheme does work also for inter EPC node Handover (that is S1 Relocation).
The impact on X2 AP, S1 AP and GTP-U from this proposal
The proposed scheme will result in the following impacts on X2 AP, S1 AP and GTP-U.

· An offset value is added in the 
· X2: Handover Request message, and

· the transparent container in S1: Handover Required message and Handover Request message. 
This offset is value between PDCP SDU SN and the GTP-U SN

· The S1 GTP-U is always present when data forwarding is supported

· either 

· the X2 GTP-U SN is always present, or

· the forwarded PDCP SDU are always attached with the PDCP SDU SN

· the GTP-U SN in S1 source eNB/S-GW and S2 target eNB/S-GW have the same sequence. 
4
Summary 

The action required by RAN2 for the DL Data Forwarding in LS[1] and its consequence, possible issues have been discussed in this contribution. The consequence is mainly the “some forwarding packets have PDCP SDU SN and some do not have”. The main issue is the messing-up of arriving packets in target eNB which may result in the loss of packets and duplication of packets in the UE when resuming the transferring in the target eNB. 

The contribution give a solution which does not have such problem and issue. 
5.
Proposal

It is proposed to review the pointed out consequences and issues with related to the RAN2 required action in LS [1]. It is also proposed to review and accept the proposed solution that shown in chapter 3 of this contribution. If agreeable, it is proposed to reflect the proposal in the related S1 AP and X2 AP Handover messages.
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This example shows the S-eNB indicate next PDCP SDU SN start from 3.
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