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1
Introduction

In the last RAN3#51 and RAN#31 meetings the following decisions were made related to the intra-LTE-access mobility: 
· Late path switching instead of early path switching (at RAN3#51)
· Outer ARQ and RRC termination are located in eNodeB (at RAN#31)

These achievements are taken into account for the user plane handling for inter-3GPP-RAT mobility. 

However, the actual starting point of the considerations in this paper is the location of certain functions like ciphering, compression, segmentation in the different RATs (GPRS, UMTS, SAE/LTE) to define a user plane handling for inter RAT mobility from/to SAE/LTE.
In SAE/LTE ciphering and compression resides in the MME/UPE, whereas in UTRAN ciphering and compression is located in the RNC. 

Considering the intra-LTE-access mobility in LTE_ACTIVE where e.g. non realtime data are directly forwarded between eNodeBs (due to the same ciphering/compression) a data forwarding in the inter-3GPP-RAT mobility scenarios between eNodeBs and the RNCs or 2G SGSNs is not possible without additional effort in the targets system (2G/3G) due to different ciphering and compression functions. Due to this fact solutions are needed which involves also the MME/UPE and possibly other nodes in the HO procedure.

This paper shows how the user plane handling could work in an inter-3GPP-RAT mobility scenario. Different alternatives are considered and are evaluated whether a certain solution is applicable for non realtime and realtime data flows. 
Taking into considerations, which are currently discussed in SA2, following assumptions are made:
· UE is registered in both, 2G/3G SGSN and MME/UPE (“multi-homing”), 

· Tunnel between 2G/3G SGSN and MME/UPE is established (in LTE_IDLE and LTE_ ACTIVE)
General statement: 
As already outlined in several occasions UP schemes for intra-LTE-access (without MME/UPE) and inter-3GPP-RAT mobility will be different.

2
Discussion

2.1
U-Plane – mechanisms for data loss avoidance / support of seamless/lossless services

2.1.1 Option IRU-1) Bicasting at Access Gateway

In this option the MME/UPE is responsible to establish a connection to the source and to the target RAT (eNodeB and 2G SGSN/RNC). Therefore packets are bi-cast to the source and to the target side until the UE confirms to be located at the target side. 
The MME/UPE sends packets unciphered and uncompressed to the target RAT (2G/3G) and ciphers and compresses packets before sending them to the source side.

The trigger to start bicasting at the MME/UPE is a signalling message FORWARD RELOCATION RESPONSE (1) received after the successful resource allocation from the target RAT (2G/3G SGSN) (as shown in the figure below). The data transfer to both RATs is indicated in the following figure with “data transfer”.
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Non realtime data
In LTE mechanisms to ensure data loss avoidance like outer ARQ, buffering of SDUs etc. are located at the eNodeB (RAN#31 decision). The MME/UPE bi-casts non realtime packets to both RATs until HO Complete will be received. Packets already sent to the source eNodeB before bicasting start and not sent to the UE, are lost. The packets sent to the HO target side needs to be buffered somewhere (RNC or 2G SGSN)!
Realtime data
The MME/UPE sends the packets to both RATs. An indication (message 1) is sent to the UPE in case of inter-3GPP-RAT HO to start bicasting. Bicasting is performed until the HO Complete indication was received. 
Assessment

· Same handling realtime and non realtime traffic for inter-3GPP-RAT.
· Triggers to start/stop bicasting can be derived from messages, which are anyhow needed for the HO procedure.

· Bicasting @ the MME/UPE for inter-3GPP-RAT could be used for realtime data 

· For non realtime packets, packets which were already sent to the source eNodeB before bicasting start but not to the UE, are lost. 
· Using bicasting for non realtime packets, the target side has to provide means for buffering in the RNC/2G SGSN. 

Impacts on baseline CN Architecture

None identified so far
Impact on baseline RAN Architecture
· In case of HO to SAE/LTE, the RNC/2G SGSN may forward data to the MME/UPE to apply ciphering and compression functionality.
· In case of HO from SAE/LTE, buffering for non realtime data would be required. 
Impact on terminals used in the existing architecture

None identified so far
2.1.2
Option IRU-2) Forwarding Source eNodeB ( Target RAN node (via MME/UPE)
The trigger to start forwarding is a signalling message HANDOVER COMMAND received after the successful resource allocation from the MME/UPE. The data transfer form the source eNodeB is indicated in the following figure with “data transfer”. 
Data forwarding directly between eNode B and RNC (3G) is not possible due to different ciphering/de-ciphering and compression/de-compression schemes in the MME/UPE (LTE) and the RNC (3G). In order to avoid data loss for inter-3GPP-RAT mobility a re-routing of data packets via the MME/UPE to the target system is required as shown in the figure below. 
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Whether the re-routing could be used for realtime and non-realtime flows is analysed in the following:

Non realtime data
After the successful outcome of the HO preparation was reported to the eNode B, the eNodeB start re-routing of non realtime packets (see figure above). 

The non realtime packets in eNodeB’s buffer are sent back (re-routing) to the UPE for deciphering (step 1); the deciphered packets are forwarded to the 2G/3G target side (step 2). If target RAT is UTRAN the packets are forwarded to the target RNC (step 3) for ciphering (UMTS).  Once the MME/UPE receives the HO Complete indication the MME/UPE sends new arrived packets directly to the 2G/3G SGSN. The re-routing from the source eNodeB is still ongoing until the eNodeB’s buffers are emptied. 
Note: Re-routing is performed for not sent or not confirmed non realtime packets to the UE at the source side to ensure data loss avoidance.
Alternative handling in eNodeB:
Buffer in the eNodeB should be made empty before the UE moved to the target side; in parallel DL traffic needs to be stopped at the MME/UPE (with HO Command). This would result that no data remains in the eNodeB and therefore a re-routing. The disadvantage is that empting the buffer would result in an increase of the service interruption time for parallel realtime service.
Realtime data
A re-routing of realtime data back to UPE has the drawback that the packets are delayed. Therefore the data forwarding scheme is not recommended for realtime data flows.
Assessment

· Re-routing should be used for non realtime data because this mechanism ensures data loss avoidance. The re-routing path is shown in the figure above and is used for non realtime data.  
· A reordering function is possibly required when the MME/UPE switch the UP path (crossing of new arrived and re-routed non realtime packets).
· This scheme is not recommended for realtime data due to the additional delay.

Impacts on baseline CN Architecture

· Tunnel between 2G/3G and MME/UPEs is established. 
· Re-ordering function is possibly required. 

Impact on baseline RAN Architecture
· In case of HO to SAE/LTE, the RNC/2G SGSN may forward data to the MME/UPE to apply ciphering and compression functionality.
Impact on terminals used in the existing architecture

None identified so far

2.1.3
Option IRU-3) Switch at Access Gateway
The trigger to switch of the user plane is a signalling message FORWARD RELOCATION COMPLETE (1) received from the target system (2G/3G SGSN) indicating that the UE is already located in the target cell (as shown in the figure below). The data transfer is started after the reception of the FORWARD RELOCATION COMPLETE message to the final HO target and is stopped at the source side. The data transfer is indicated in the following figure with “data transfer started/stopped”. 
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Whether the re-routing could be used for realtime and non-realtime flows is analysed in the following:

Non realtime data
The switch at the MME/UPE after the reception of the COMPLETE indication is very late and causes a delay for non-realtime data because the UE is already in the target cell and then the data transfer starts.
The already sent non realtime data which were not yet received at the UE from the source eNode B are lost. 
Realtime data
The switch at the MME/UPE after the reception of the COMPLETE indication is very late and will contribute to a higher service interruption time for realtime data, because the UE is already in the target cell and the then the data transfer starts. 
Assessment

· The switching in the MME/UPE will increase the service interruption time of realtime and non realtime packets because the data transfer is started when the UE is already in the target cell.
· For non realtime data the not sent data at the source eNodeB are not forwarded and therefore lost.
Impacts on baseline CN Architecture

· Tunnel between 2G/3G and MME/UPEs is established. 

Impact on baseline RAN Architecture

· In case of HO to SAE/LTE, the RNC/2G SGSN may forward data to the MME/UPE to apply ciphering and compression functionality. 
Impact on terminals used in the existing architecture

None identified so far

2.1.4 Option IRU-4) Direct forwarding to other RAT

In this option realtime as well as non realtime data, once resource allocation was successfully reported, are forwarded by the source eNodeB directly to the other RAT without MME/UPE involvement within SAE/LTE. 
Assessment
· Re-routing back to the MME/UPE is not required for non realtime data for deciphering/decompression.
· Ciphered and compressed packets are sent to the other 3GPP RAT and there the packets are ciphered and compressed again -> UE has the requirement to decipher/decompress twice: for other RAT and LTE/SAE
Impacts on baseline CN Architecture

· Tunnel between 2G/3G and MME/UPEs is established. 

Impact on baseline RAN Architecture

None identified so far

Impact on terminals used in the existing architecture

· UE is impacted due to doubled ciphering/compression functionality.
2.1.5 IRU-5) Buffering at the MME/UPE (for nrt)
Another option to handle non real time data could be realised by buffering in the MME/UPE. The idea behind this mechanism is to provide non realtime packets to the source eNodeB until the UE leaves the source cell and to store non realtime packets in the MME/UPE in parallel in order to avoid a re-routing (to the MME/UPE) of not sent packets from the source eNodeB to the UE. 
Assessment
· Re-routing for non realtime data (as discussed in section 2.1.3) is not needed; with successful HO preparation indication buffered non realtime data are directly sent to the other RAT. 
· Buffering for non realtime data is required at the MME/UPE, even if the resource reservation is unsuccessful. The period in which a buffering is required needs to be defined. 
· Assuming the amount of eNodeBs, which might be connected to an MME/UPE, a quite huge amount of buffering space is necessary in the MME/UPE. 
Impacts on baseline CN Architecture

· Tunnel between 2G/3G and MME/UPEs is established. 

Impact on baseline RAN Architecture

None identified so far

Impact on terminals used in the existing architecture

None identified so far
3
Proposal

Considering the analysis in this contribution, the user plane handling for inter-3GPP-RAT mobility could be solved in the following way:
For Realtime data the following UP handling is seen as most beneficial one:
· Realtime data packets are bicast to both, the source and target side as explained in Option IRU-1) until the HO Complete indication will be received at the MME/UPE. 
· All other alternatives are not recommended for realtime data.

For Non Realtime data the handling is more difficult, however the following can be summarised:
1. Bicasting as discussed in option IRU-1) would lead to buffering requirements at the target 3GPP nodes. In addition means for re-routing of remaining packets in the source eNodeB are not foreseen in this option.
2. A data forwarding scheme (via MME/UPE) as discussed in option IRU-2) could be used. All non realtime packets are sent to the eNodeB and routed back via the MME/UPE. Since the UP needs to be switched at the UPE (with HO COMPLETE) a re-ordering function might be needed. 
3. Option IRU-3) the switch at the MME/UPE after the reception of the HO COMPLETE indication is generally too late and additionally provide no means for re-routing. 

4. Option IRU-4) proposes a direct forwarding to the other 3GPP RAT, without MME/UPE involvement. Therefore the UE has to apply both ciphering and compression functions. 

5. Option IRU-5) foresees a kind of buffering function for non realtime data to avoid the re-routing of packets with the source eNodeB’s buffer. 
The user plane scheme for non realtime data for inter-3GPP-RAT should be discussed and decided during this meeting. 

However, the user plane handling for non realtime data should not result in new requirements for the MME/UPE compared to the realtime solution. Therefore one possible solution could be to use also bicasting option IRU-1) for non realtime data. 
It is proposed to inform SA2 the outcome of the discussion on this subject. 
A text proposal for R3.018, to capture the different user plane schemes for inter-3GPP-RAT mobility, is included in this contribution. 
Text Proposal

6.X Inter-3GPP-RAT mobility– Active mode - U-Plane handling 
6.X.1 Option IRU-1) Bicasting at Access Gateway
In this option the MME/UPE is responsible to establish a connection to the source and to the target RAT (eNodeB and 2G SGSN/RNC). Therefore packets are bi-cast to the source and to the target side until the UE confirms to be located at the target side. 

The MME/UPE sends packets unciphered and uncompressed to the target RAT (2G/3G) and ciphers and compresses packets before sending them to the source side.

The trigger to start bicasting at the MME/UPE is a signalling message FORWARD RELOCATION RESPONSE received after the successful resource allocation from the target RAT (2G/3G SGSN). 
Non realtime data

In LTE mechanisms to ensure data loss avoidance like outer ARQ, buffering of SDUs etc. are located at the eNodeB. The MME/UPE bi-casts non realtime packets to both RATs until HO Complete will be received. Packets already sent to the source eNodeB before bicasting start and not sent to the UE, are lost. The packets sent to the HO target side needs to be buffered somewhere (RNC or 2G SGSN)!

Realtime data

The MME/UPE sends the packets to both RATs. An indication (message 1) is sent to the UPE in case of inter-3GPP-RAT HO to start bicasting. Bicasting is performed until the HO Complete indication was received.
Assessment

· Same handling realtime and non realtime traffic for inter-3GPP-RAT.

· Triggers to start/stop bicasting can be derived from messages, which are anyhow needed for the HO procedure.

· Bicasting @ the MME/UPE for inter-3GPP-RAT could be used for realtime data 

· For non realtime packets, packets which were already sent to the source eNodeB before bicasting start but not to the UE, are lost. 

· Using bicasting for non realtime packets, the target side has to provide means for buffering in the RNC/2G SGSN. 

6.X.2 Option IRU-2) Forwarding Source eNodeB ( Target RAN node (via MME/UPE)

The trigger to start forwarding is a signalling message HANDOVER COMMAND received after the successful resource allocation from the MME/UPE. 

Data forwarding directly between eNode B and RNC (3G) is not possible due to different ciphering/de-ciphering and compression/de-compression schemes in the MME/UPE (LTE) and the RNC (3G). In order to avoid data loss for inter-3GPP-RAT mobility a re-routing of data packets via the MME/UPE to the target system is required. 

After the successful outcome of the HO preparation was reported to the eNode B, the eNodeB start re-routing of non realtime packets. 

The non realtime packets in eNodeB’s buffer are sent back (re-routing) to the UPE for deciphering; the deciphered packets are forwarded to the 2G/3G target side. If target RAT is UTRAN the packets are forwarded to the target RNC for ciphering (UMTS).  Once the MME/UPE receives the HO Complete indication the MME/UPE sends new arrived packets directly to the 2G/3G SGSN. The re-routing from the source eNodeB is still ongoing until the eNodeB’s buffers are emptied. 

A re-routing of realtime data back to UPE has the drawback that the packets are delayed. Therefore the data forwarding scheme is not recommended for realtime data flows.
Assessment

· Re-routing should be used for non realtime data because this mechanism ensures data loss avoidance. The re-routing path is shown in the figure above and is used for non realtime data.  

· A reordering function is possibly required when the MME/UPE switch the UP path (crossing of new arrived and re-routed non realtime packets).

· This scheme is not recommended for realtime data due to the additional delay.
6.X.3 Option IRU-3) Switch at Access Gateway
The trigger to switch of the user plane is a signalling message FORWARD RELOCATION COMPLETE received from the target system (2G/3G SGSN) indicating that the UE is already located in the target cell. The data transfer is started after the reception of the FORWARD RELOCATION COMPLETE message to the final HO target and is stopped at the source side. 
The switch at the MME/UPE after the reception of the COMPLETE indication is very late and causes a delay especially for realtime data because the UE is already in the target cell and then the data transfer starts.

The already sent non realtime data to the source eNodeB, which were not yet received at the UE, are lost. 
Assessment

· The switching in the MME/UPE will increase the service interruption time of realtime and non realtime packets because the data transfer is started when the UE is already in the target cell.

· For non realtime data the not sent data at the source eNodeB are not forwarded and therefore lost.
6.X.4 Option IRU-4) Direct forwarding to other RAT

In this option realtime as well as non realtime data, once resource allocation was successfully reported, are forwarded by the source eNodeB directly to the other RAT without MME/UPE involvement within SAE/LTE. 

Assessment

· Re-routing back to the MME/UPE is not required for non realtime data for deciphering/decompression.
· Ciphered and compressed packets are sent to the other 3GPP RAT and there the packets are ciphered and compressed again -> UE has the requirement to decipher/decompress twice: for other RAT and LTE/SAE
6.X.5 IRU-5) Buffering at the MME/UPE (for nrt)

Another option to handle non real time data could be realised by buffering in the MME/UPE. The idea behind this mechanism is to provide non realtime packets to the source eNodeB until the UE leaves the source cell and to store non realtime packets in the MME/UPE in parallel in order to avoid a re-routing (to the MME/UPE) of not sent packets from the source eNodeB to the UE. 
Assessment
· Re-routing for non realtime data is not needed; with successful HO preparation indication buffered non realtime data are directly sent to the other RAT. 
· Buffering for non realtime data is required at the MME/UPE, even if the resource reservation is unsuccessful. 
· Assuming the amount of eNodeBs, which might be connected to an MME/UPE, a quite huge amount of buffering space is necessary in the MME/UPE. 
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