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1. Introduction
In the previous RAN3 meetings, data forwarding handling in the Source eNB and the Target eNB was discussed, and since the necessity of behaviour in the Target eNB to perform re-ordering was not foreseen, implementation solution (i.e. timer) was more of RAN3’s preference.
In RAN2#58 the following were agreed with regard to the DL packet forwarding:

· Selective forwarding of non-acknowledged DL PDCP SDUs (together with their PDCP SNs) from Source eNB to Target eNB

· PDCP SN is continuous

· UE PDCP reordering of DL PDCP PDUs

Furthermore, in RAN2#58 bis, the following were agreed [1]:

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.

2) to have a PDCP SN reporting in UL in target eNB for downlink transmission. The detailed protocol (e.g. RLC, PDCP, RRC) is FFS. The reporting will be optionally configured per DL RB.
3) have the possibility to send a PDCP SN report by the target eNB to the UE for uplink transmission. 
This document reviews the solution for DL data forwarding handling that has been discussed in previews RAN3 meetings, and proposes a solution, which utilizes S1 GTP-U SN, that enables the Target eNB to allocate the relevant PDCP SN to the DL packets without the necessary to wait for data forwarding to finish, hence avoiding the fix delay of data forwarding timer. The solution can be applied in both intra MME handover and inter MME handover. 
2 Assumptions on DL data forwarding handling

2.1 PDCP SN for DL data during data forwarding
The data forwarding may be started after Handover Preparation phase is finished and will be continued as long as there is still data left in the Source eNB DL buffer.[2] 
In RAN2, it is agreed that during the data forwarding phase, un-acknowledged DL PDCP SDUs are to be forwarded with their PDCP SNs. Meaning that the PDCP PDU which are inside PDCP PDU buffer after the Data Forwarding started, and has not yet received an ACK from the UE, will be forwarded.
However, the subject of the data to be forwarded are not just the ones that are already exist in the eNB buffer, but also those new incoming DL data via S1 i/f after the data forwarding is started. The new incoming DL data, after the data forwarding is started, will be transmitted via S1 i/f until the Path Switch is perform in the S-GW (in intra MME, intra S-GW handover) or until the old S-GW is relocated to the new S-GW (in inter MME, inter S-GW handover).

Therefore, it is necessary to clarify which PDCP SDU has a PDCP SN information, and which PDCP SDU does not have such information.
There are two possible alternatives on how this subject can be 

· Alternative1: Only the DL PDCP SDU until a certain timing owns a PDCP SN.
In this alternative, it is likely to assume that PDCP SN is allocated to PDCP PDU in the PDCP PDU buffer. Therefore, PDCP SDU that owns PDCP SN number information are those PDCP SDU that are processed for DL air transmission until a certain timing, e.g. until right before the Handover Command. 
For that reason, PDCP SDUs that come before that ‘certain timing’ will be forwarded with their PDCP SN, and the PDCP SDUs that come after the ‘certain timing’ will be forwarded without their PDCP SN.
The illustration for alternative 1 is shown in figure 1.
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Figure 1: PDCP SN is allocated to DL PDCP SDU until a ‘certain timing’
· Alternative 2: All DL PDCP SDU owns PDCP SN. 
In this alternative, all PDCP SDUs subject to be forwarded are all allocated a PDCP SN. This implies that all S1 GTP-U payloads are allocated a PDCP SN before they are transmitted via X2 GTP-U.
The illustration for alternative 2 is shown in figure 2.
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Figure 2: PDCP SN is allocated to all incoming DL PDCP SDU
The difference between the above mentioned alternatives are mostly from the perspective of how the Source eNB process the S1 GTP-U payload. It is thought easier for the Source eNB if it does not need to differentiate the processing of U-plane data in S1 GTP-U protocol, PDCP protocol, and X2 GTP-U protocol according to the time. 
Assumption 1: 
It is assumed that all the data coming from old S1 i/f subject to forwarding has its PDCP SN information. Further it is assumed that the PDCP SN is transmitted together with the PDCP SDU as the X2 GTP-U payload.
2.2 Continuity on S1 GTP-U SN before and after Path Switch
In intra MME (inter eNB) handover, since the S-GW is not likely to change, it can be assume that the S1 GTP-U SN is continuous in before and after the Path Switch. 
In inter MME handover where there is the possibility that the S-GW is also changed, the continuity of S1 GTP-U in the old S1 i/f and the new S1 i/f may be guaranteed by the EPC. There are several feasible methods to do that, i.e. by coordination between old MME and new MME on relaying the next GTP-U SN, or by preserving the consistency of GTP-U SN in S5 and S1, such as that in Gn and Iu [3].
The illustration for S1 GTP-U SN continuity in the old and the new S1 i/f is shown in figure 3.
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Figure 3: S1 GTP-U is continuous between old S1 i/f and new S1 i/f 

Assumption 2:
The DL S1 GTP-U SN in the old S1 i/f and the new S1 i/f is continuous, both in intra MME and inter MME handover.
3 Solutions for allocating the appropriate PDCP SN for DL Data

3.1 Solution1: Timer Solution

Utilising timer in the Target eNB and/or Source eNB is considered the simplest solution and can be made as implementation matter.
When utilising timer in the target eNB to wait for data forwarding via X2, namely X2 waiting timer, the Target eNB buffers all the DL packets coming from the new S1 i/f until the X2 waiting timer expired. Only after the timer expires, the target eNB resumes the air transmission of the DL packets coming from the new S1 i/f. 
Since according assumption 1 all forwarding data (PDCP SDU) has its own PDCP SN information, transmitted together with PDCP SDU within GTP-U payload, the Target eNB may reference the PDCP SN of the last packet after the timer has expired and assigned the next PDCP SN accordingly to the first packet coming from the new S1 i/f.
The illustration for solution 1 is shown in figure 4.
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Figure 4: Assigning the next PDCP SN utilising X2 waiting timer in the Target eNB

The advantage of solution 1:

· Simple to applied and can be made as implementation matter.
· Can be applied in the handover with EPC involvement (inter MME handover)

· GTP-U SN is not a mandatory

The disadvantage of solution 1:

· There will always be a fix delay of for waiting data forwarding via X2.

3.2 Solution 2: Identifying the last packet in the Target eNB
3.2.1
Solution2-1: Identifying the last data utilising U-plane protocol

In solution 2-1, the last data sent by S-GW via the old S1 i/f right before the Path Switch, is marked or tagged utilising the U-plane protocol, e.g. GTP-U header.
The same marking processing is performed to the last packet when the packet is forwarded via X2. A PDCP SN information is added to the S1 GTP-U payload, and together with the marking information, the S1 GTP-U payload (PDCP SDU) is handed to the X2 GTP-U protocol.

The target eNB will wait for the X2 GTP-U packet with the last mark/tag, find its PDCP SN information, and then process the S1 GTP-U packet coming from the new S1 i/f.
The timer for waiting X2 forwarding data is either way needed.
Figure 5 shows the illustration on how solution 2-1 would work.
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Figure 5: Identifying the last packet by utilising U-plane protocol (GTP-U)

The advantage(s) of solution 2-1:

· Can be easily realised by adding new header to the GTP-U protocol  
· Can be applied in the handover with EPC involvement (inter MME handover) provided that the assumption 2 holds.

The disadvantage(s) of solution 2-1:

· X2 data forwarding waiting timer is either way needed.

· Fix delay due to X2 data forwarding waiting timer might occur when the last data is loss.
3.2.2 Solution 2-2: Identifying the last data utilising C-plane message
In solution 2-2, the information of GTP-U SN of the last data transmitted via the old S1 i/f is sent from the EPC (from the MME after the necessary information is obtained from the S-GW).
The last S1 GTP-U SN information may be sent in the Handover Complete ACK message from MME to Target eNB.

In order to simplify the problem, in this solution S1 GTP-U SN in old S1 i/f is the same (or relayed on) to X2 GTP-U SN.
After the target eNB obtains the information on the last S1 GTP-U SN sent via the old S1 i/f, it will compare to the data forwarding packets that has arrived.
If the data forwarding is still continuing when the Handover Complete ACK message arrived, then the target eNB must wait for the packet with the GTP-U SN indicated in the Handover Complete ACK message.
If the data forwarding has stopped when the Handover Complete message arrived, the target eNB will compare the SN of the last GTP-U packet received via X2 and the SN indicated in the Handover Complete ACK message, to decide whether it has or has not received the last packet.
The timer for waiting X2 forwarding data is either way needed.
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Figure 5: Identifying the last packet by utilising C-plane message

The advantage(s) of solution 2-2:

· The information of the last packet is sent in a reliable manner, so that the Target eNB will be know exactly which data is the last packet.
The disadvantage(s) of solution 2-2:

· Fix delay might occur when the last packet is lost.
· The process of allocating PDCP SN to the data from new S1 i/f in the Target eNB has to wait until the arrival of HO Complete ACK message 

· Can not be applied to the handover with EPC involvement because there is no signalling from New MME to the target eNB
3.3 Solution3: utilising S1 GTP-U SN and PDCP SN relation
In solution 3, the Source eNB maintains the information of relation between the S1 GTP-U SN and the PDCP SN of an arbitrary packet. 
Within the Handover Request message, the relation information between S1 GTP-U SN and PDCP SN is sent to the Target eNB.

Based on the relation information of the S1 GTP-U SN and PDCP SN, and according to the assumption 1 where all the forwarding data via X2 owns its own PDCP SN information, the Target eNB will be able to allocate the relevant PDCP SN of the packet coming from the new S1 i/f.
The illustration on how solution 3 works is shown in figure 6.
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Figure 6: Assigning PDCP SN utilising relation information of S1 GTP-U SN and PDCP SN

The advantage(s) of solution 3:
· The fix delay coming from X2 forwarding data waiting timer can be optimised.

· The target eNB is able to allocate an appropriate / relevant PDCP SN to the PDCP SDU coming from the new S1 i/f without the need to buffer them or to wait for the last forwarding packet arrives.
· Relatively simple and easy to be applied

· The information as the base for allocating the appropriate PDCP SN in the target eNB is sent in a reliable manner (via C-plane message)
The disadvantage(s) of solution 3:

· S1 GTP-U SN is mandatory
4 How the solutions would work in inter MME handover (inter eNB with EPC involvement handover)

Data forwarding during inter MME handover is under discussion in SA2. There were discussions on the alternatives of direct forwarding (directly between Source and Target eNB) and indirect forwarding (forwarding relayed via EPC).

With regard to handover with EPC involvement, it is likely to foresee inter MME handover with and without S-GW change. Therefore it is necessary that all the 
Solution 1 would work also in inter MME handover with direct or indirect forwarding, and it will either way needed in an implementation case as a fallback to failure case or packet loss case.
Solution 2-1 may work also in inter MME handover 
Solution 3 will work also in inter MME handover with direct or indirect forwarding, and with or without the change of S-GW, as long as the assumption 2 applies.
When the abovementioned assumption 2 applies, packets from the old S1 i/f and new S1 i/f will arrive with continuous GTP-U SN, and therefore the Target eNB will be able to assign the appropriate / relevant PDCP SN even when there is a change in S-GW. 
The figure 7 shows how the relation information of S1 GTP-U SN and PDCP SN is sent from the Source eNB to the Target eNB, in the case with and without S-GW change.
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Figure 7-1: Solution 3 in the inter MME handover with S-GW change                                            
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Figure 7-2: Solution 3 in the inter MME handover with S-GW change

5 Comparison between each solutions
	Solution:
	General features
	Advantage(s)
	Disadvantages

	1
	Timer utilisation in TeNB
	· Simple and implementation dependent

· Either way is needed in implementation cases (i.e. failure and packet loss)

· Can be applied in the handover with EPC involvement

· GTP-U SN is not mandatory
	· Fix delay due to timer for waiting on X2 data forwarding

	2-1
	Indicating last packet via old S1 by utilising U-plane protocol
	· Can be easily realised by adding new header to the GTP-U protocol
· Can be applied in the handover with EPC involvement
	· X2 data forwarding waiting timer is either way needed.

· Fix delay due to X2 data forwarding waiting timer might occur when the last data is loss.
· S1 GTP-U SN is mandatory

	2-2
	Indicating last packet sent via old S1 by utilising C-plane message
	· The information of the last packet is sent in a reliable manner, so that the Target eNB will be know exactly which data is the last packet
	· Fix delay might occur when the last packet is lost.

· The process of allocating PDCP SN to the data from new S1 i/f in the Target eNB has to wait until the arrival of HO Complete message 
· S1 GTP-U SN is mandatory

· Can not be applied in the handover with EPC involvement

	3
	Utilising the information of relation between S1 GTP-U SN and PDCP SN
	· The fix delay coming from X2 forwarding data waiting timer can be optimised.

· The target eNB is able to allocate an appropriate / relevant PDCP SN to the PDCP SDU coming from the new S1 i/f without the need to buffer them or to wait for the last forwarding packet arrives.

· Relatively simple and easy to be applied

· The information as the base for allocating the appropriate PDCP SN in the target eNB is sent in a reliable manner (via C-plane message)
· Can also work in the handover with EPC involvement
	· S1 GTP-U SN is mandatory


6 Proposal
The solutions for handling U-plane data during handover were reviewed.
DoCoMo prefers to adopt solution 3 provided that the assumptions in the section 2 are foreseen as feasible.
It is proposed for RAN3 to discuss the abovementioned assumptions, and solutions for DL data forwarding, and their feasibility. 
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