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1.
Introduction

In RAN3#57 meeting, There have been some proposed solutions to realise the DL and UL data forwarding during inter eNode B handover. This contribution further explain the offset solution that have been proposed in [5]. Further, this contribution also give a comparisons between those proposed solutions in RAN3#57. 

This contribution refer mainly to [3], [4], [5], [6], [8], [9], [10], [11], [14] and others.
2. Proposed DL data forwarding solution with offset indication
It is proposed to consider the following as the data forwarding solution 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 acknowledgement 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 and the offset (which was transferred in the X2: Handover Request message from the source eNode B) The target eNB assigns proper PDCP SNs after reordering.
· The successfully received packets data sequence number (PDCP SDU SN) can be informed by the UE to the target eNB for minimising duplicates over the air. .. The Target eNB then start transferring the next required packets to the UE.
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Figure 5 Proposed data forwarding solution
The example showed above is for the intra EPC node Handover (that is X2 Handover) however this proposed solution 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 solution 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

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

· the GTP-U SN in S1 source eNB/S-GW and S2 target eNB/S-GW have the same order and sequence. 
3.
some related issues and answer from the proposed solution
It has been discussed lengthily for the the already known issues with relates to the data forwarding, these are discussed base on the proposed offset solution.

In what X2/S1 control messages to inform the information?

The offset solution only need to indicate the offset value in the X2 Handover Request message for X2 based handover, and in the Transparent Container for S1 based handover.

What kind of Characteristics for the forwarded packet?

The forwarded packet has the same format as what is in the S1. There is no need to attached the PDCP SN in the GTP-U header. Instead, it has to have GTP-SN in S1 and X2. 
When will the source eNode B stop allocation of the PDCP SN?

This is a source eNode B internal implementation specific for the offset solution as it does not assume to forward the packet with the PDCP SN. 
How does the target eNode B to prioritize the X2 packets over S1 packet in target eNode B?
Based on the offset and the PDCP status report from the UE, when the target eNode B receive either forwarded packets with GTP-SN from the source eNode B or packets with the GTP-SN over S1, the target eNode B knows which packets to send to UE first. This requires the GTP-SN over X2 and GTP-SN over S1 has the same order.

How does the target eNode B know the last packet from X2 forwarded by source eNode B?

Based on the offset and the PDCP status report from the UE, when the target eNode B receive packets with the GTP-SN over S1, the target eNode B knows if the forwarded packet from source eNode B has been finished or not. 

How does the target eNode B know if there is no forwarded data from source eNode B?

Based on the offset and the PDCP status report from the UE, when the target eNode B receive packets with the GTP-SN over S1, the target eNode B knows if there is any forwarded packet from source eNode B.

How does the target eNode B know what packets to be re-transmitted?

Based on the PDCP status report from the UE, the target eNode B know what packets need to be re-transmitted.

How does the target eNode B differentiate if the forwarded packet is lost or no forwarded packet?

Based on offset and the PDCP status report from the UE, the target eNode B know which packet to be sent to the UE first. The target eNode B will wait for the forwarded packet from source eNode B if it knows the received packet over S1 is not the next packet to be sent to the UE. 

If there is no packet received over S1, how does the target eNode B differentiate if the forwarded packet is lost or no forwarded packet?

With the offset and the PDCP status report from the UE, the target eNode B know which packet to be sent to the UE. If there is no packet received over S1, and the target eNode B does not receive the forwarded packet from source eNode B which the UE indicated in the PDCP status report, anyway the target eNode B has nothing to send so there is nothing the target eNode B can do. One probably way is to have internal timer but this should be implementation specific which does not need to be specified.
Would that not be a problem if the relation between PDCP SN and GTP SN is not constant?

As explained in [10] and , the relation between GTP-SN and PDCP SN does not need to be constant during the lifetime of a session. For example, when the eNode B discards packets without skipping PDCP SN, this may change the relation between the GTP SN and PDCP SN. However, there is no problem if a constrain is set that during the handover preparation and handover completion, the relation is not changed.

Can we ensure that the GTP SN from S1 is always continuously?

As explained in [9] and [10], it is easy to achieve by the PDN GW allocates the GTP SN for continuity so even if the handover that change the S-GW, the PDN GW will not change therefore the GTP SN from S1 is always continuously.

4.
comparison of the solutions

In RAN3#57, there have been several proposed solutions. We give some comparison for these proposed solutions. 
Solution A: offset solution and forwarding PDCP SDU with the GTP-SN

The solution A is to inform the offset between PDCP SN and GTP-SN from the source eNode B to the target eNode B. it is also assumed that the UE will inform the target eNode B the PDCP status. The detail of the solution A is described chapter X above. 
Solution B: indication of the relation of PDCP SN/GTP-SN, and forwarding PDCP SDU with either PDCP SN or GTP SN
Note that this proposed solution of having the relation of PDCP SN/GTP-SN, and forwarding PDCP SDU with the PDCP SN, is very similar to the offset solution (solution A), where the difference are: whether to indicate the offset or PDCP SN/GTPSN, and in the forwarded PDCP SDU, either it has PDCP SN or GTP SN. 
Solution C: indication of the relation of PDCP SN/GTP-SN, and forwarding PDCP SDU with either PDCP SN or GTP SN
Note that this proposed solution of having the relation of PDCP SN/GTP-SN, and forwarding PDCP SDU with the PDCP SN, is very similar to the solution B, where the difference are: whether to indicate the PDCP SN/GTP-SN in the X2 Handover Request message or a new message, and in the forwarded PDCP SDU, either it has PDCP SN or GTP SN. 
Solution D: indication of next SN and forwarding PDCP SDU with or without PDCP SN

The solution B is to indicate the PDCP Status (X2AP Status) from the source eNode B to the target eNode B. The PDCP Status show the next PDCP SN to be allocated in target eNode B. Further, due to the timing of the Handover Command message sending from the source eNode B to the UE, the PDCP SDU may or may not have the PDCP SN allocated in the source eNode B. It then become a consequence that some forwarded packets will have PDCP SN and some will not. For further detail refer to contribution [Y], [Y]
In the following comparison table we give some items for knowing the differences. The value in the table is the level of acceptability. The “-“ means there is no difference level from the solutions.
	
	Solution A
(offset solution and forwarding PDCP SDU with the GTP-SN)
	Solution B 
(indication of the relation of PDCP SN/GTP-SN, and forwarding PDCP SDU with PDCP SN)
	Solution C
(indication of the relation of PDCP SN/GTP-SN, and forwarding PDCP SDU with GTP-SN)
	Solution D
(indication of next SN and forwarding PDCP SDU with or without PDCP SN)

	1.Impact on S1/X2 signalling messages
	No need to have new procedure

3
	No need to have new procedure

3


	Need to have new X2AP status procedure.
Need to have new S1AP status procedure.

1
	Need to have new X2AP status procedure.
Need to have new S1AP status procedure.

1

	2.The characteristic of the forwarded packets
	The forwarded packets have the same characteristic as the one received from S1.

3
	the forwarded packets will always have the PDCP SN attached

2
	The forwarded packets have the same characteristic as the one received from S1

3
	Some forwarded packets will have PDCP SN attached and some will not have.

2

	3.when to stop allocating PDCP SN in source eNode B
	There is no restriction.

3
	There is no restriction.

3
	There is no restriction.

3
	The source eNB shall stop assigning SNs and process SDUs once it has provided the next-to-be-assigned-SN-info to the target
2

	4.Special “last packet” from S-GW
	No need to have “last packet” from S-GW

3
	No need to have “last packet” from S-GW

3
	No need to have “last packet” from S-GW

3
	Either to have “last packet” from S-GW or a timer 

1

	5.how to know if no forwarded packet
	Based on the status report from the UE and the offset informed from source eNode B, the target eNode B know if there is any forwarded packet when receive packet from S1.

-
	Based on the status report from the UE and the PDCP SN/GTP-SN relation information from source eNode B, the target eNode B know if there is any forwarded packet when receive packet from S1.

-
	Based on the status report from the UE and the PDCP SN/GTP-SN relation information from source eNode B, the target eNode B know if there is any forwarded packet when receive packet from S1.

-
	The X2AP status procedure is always sent from the source to target eNode B. The target eNode B compare the X2AP status with PDCP Status from the UE then know if there is no forwarded data.

-

	6.Forwarded Packet lost in X2
	no difference 
-
	no difference 
-
	no difference 
-
	no difference

-

	7. common handling in S-GW?
	S-GW has the same handling as there is no PDCP SN attached in the extension header of GTP

3
	S-GW has to always handle the PDCP SN attached in the extension header.

2
	S-GW has the same handling as there is no PDCP SN attached in the extension header of GTP

3
	S-GW has to handle differently as the GTP-U sometime will has PDCP SN attached in the extension header and sometime will not.. See also below.

1

	8. Shall the PDCP SN of the forwarded SDUs be carried in the “PDCP PDU number” field of the GTP extension header or as a GTP SN.

	No need to have PDCP SN in the forwarded SDU so there is no such issue.

-
	probably attached in the “PDCP PDU number” fiesld of the GTP extension header is preferable as use of GTP SN may violate the GTP SN for S1 based handover.

-
	No need to have PDCP SN in the forwarded SDU so there is no such issue.
-
	Probably attached in the “PDCP PDU number” field of the GTP extension header is preferable as use of GTP SN may violate the GTP SN for S1 based handover.

-

	9. relation between PDCP SN and GTP SN
	Should keep constant during the handover phase. However no need to keep constant during the session.

1
	Should keep constant during the handover phase. However no need to keep constant during the session.

1
	Should keep constant during the handover phase. However no need to keep constant during the session.

1
	Not rely on GTP-SN

3

	10. how to ensure GTP SN from S1 is always continuously
	The PDN GW allocates the GTP SN continuity.

2
	The PDN GW allocates the GTP SN continuity.

2
	The PDN GW allocates the GTP SN continuity.

2
	Not rely on GTP-SN

3

	
	
	
	
	


5.
Further discussion
With regards to the data forwarding solutions, the explanation of the offset solution has been shown in this contribution. We further give some comparisons from different solutions. As far as can seen from the comparisons, it is preferable to take the solution A(i.e. offset solution) for the data forwarding for downlink.
However, it has to be noted that the proposed solution is only applicable for the downlink. For the uplink, as far as the selective forwarding is required in 36.300, there anyway need to have a X2AP status to inform from the source eNode B to target eNode B the next to receive the PDCP SN. Our consideration from such condition is that, with the maximum compromise, we can accept to introduce the new X2AP Status procedure and the offset is indicated in this new procedure. Therefore, the 1st bullet in the comparison table above, will not have any different between proposed solutions..
6
Proposal

It is proposed to review and accept the proposed solution that indicate the offset between PDCP SN and GTP SN from the source to target eNode B. The impact on the specification can be reflected after the agreement is taken.
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