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1 Introduction

The requirements in the TR25.913 specifies the handover interruption as follows:
The impact of intra E-UTRA handovers on quality (e.g. interruption time) shall be less than or equal to that provided by CS domain handovers in GERAN.
Indeed, the 2G systems had been optimised to minimize the interruption of speech during handovers. In DL the 2G standards allow bi-casting from the MSC. In UL this is achieved by fast radio resynchronisation by the UE. 
It is therefore in alignment with 25913 to consider the bi-casting for E-UTRA handovers.

2 Background and Definitions
At last RAN3#50, several concepts were mixed up. Some definitions are therefore here-below recalled:
Lossless relocation: relocation of a NRT flow with no packet missing.

Seamless relocation: relocation of RT flow so that interruption of the data stream flow is minimized and are basically unnoticeable by the users. 

Data forwarding

The 'data forwarding' for seamless relocation was defined for PS real-time services in UTRAN R4 as follows:
1)
At a given point of time before execution of Relocation, source RNC starts to duplicate DL GTP-PDUs: one copy is sent to local PDCP/RLC/MAC, and the other copy is forwarded to the target RNC.

2)
Source RNC continues processing and sending DL data normally towards the UE.

3)
Target RNC discards all forwarded GTP-PDUs arriving to target RNC until Serving RNC operation is started.

4)
When target RNC takes over the serving RNC role, it starts to process the arriving DL GTP-PDUs and send DL data to the UE.

Bi-casting

The alternative solution called 'bi-casting from ASGW' at RAN3#50 proposed for LTE would be: 
1)
At a given point in time before execution of Relocation, the ASGW starts to duplicate DL GTP-PDUs: one copy is sent to the source eNodeB, and the other copy is forwarded to the target eNodeB.

2)
the source eNodeB continues processing and sending DL data normally towards the UE.

3)
Target eNodeB discards all forwarded GTP-PDUs arriving to it until it takes the serving role.

4)
When target eNodeB takes over the serving role, it starts to process the arriving DL GTP-PDUs and sends DL data to the UE.

Conclusion
As can be seen from above, the so-called 'bi-casting from the ASGW' solution addressed at RAN3#50 for LTE is in fact the same as the 'data forwarding' selected for UMTS PS real-time services where the duplication node is the ASGW instead of the RNC. (a copy/paste can be made)
This bi-casting solution can therefore be renamed as 'data-forwarding from the ASGW' solution.

Therefore, bi-casting and data-forwarding have been erroneously opposed in RAN3#50 as two different mechanisms. The real question for LTE is to determine if the duplication node and creation of forwarding tunnel should be from the eNodeB or from the ASGW.
1) It is proposed to agree on the data-duplication and forwarding mechanisms for LTE and to determine now which node should be the duplication node.
3 Performance Comparison
It is believed that a forwarding mechanism (in the network) is beneficial for RT flows only if radio bi-casting is used at same time to benefit from it and the combination of both can reduce the perceived interruption time. In other words, this means that the main criteria to evaluate the performance of mechanisms for RT flows is the timing.
Data Forwarding from the eNodeB (duplication node)
The solution would be as follows (replacing the RNC by eNodeB from above statements):
1)
At a given point of time before execution of Relocation, source eNodeB starts to duplicate DL GTP-PDUs: one copy is sent to the UE, and the other copy is forwarded to the target eNodeB.

2)
Source eNodeB continues processing and sending DL data normally towards the UE.

3)
Target eNodeB discards all forwarded GTP-PDUs arriving to it until it takes the serving role.

4)
When target eNodeB takes over the serving role, it starts to process the arriving DL GTP-PDUs and send DL data to the UE.

This solution is illustrated here-below. The user data path has been represented for the downlink only:
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As can be seen from this figure, a main difference compared to the forwarding from the RNC and relayed over the Iu via the SGSNs, is that in LTE architecture the forwarding from eNodeB is over the last mile via the IP routers.
Therefore the user path traverses three times the last mile as can be seen from above, whereas in the UTRAN solution retained for the UMTS PS real-time (Release 4), the tunnel is between the RNCs and it traversed only once the last mile. This is reminded in the figure here-below:
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"Bi-casting" or "Data forwarding from the ASGW" (duplication node)
To that respect, the data forwarding from the ASGW is much closer to the UTRAN R4 solution since the duplication is ALSO done above the last mile. The illustration of bi-casting is as follows:
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Conclusion

In conclusion to this section, it has been shown that the key question in the selection of the duplication node is whether it is located below or above the last mile link. It appears with no surprise that it is much better if duplication is done above, and this is also the solution which is the closest to the UMTS PS real-time relocation decided for UTRAN (in R4, year 2001). 
4 Complexity Comparison

Another difference compared to the UTRAN R4 PS real-time relocation is the security termination of the user path.
UMTS Release 4

In UTRAN R4, the ciphering of the user plane is done in the RNC, this means in the same node as the duplication node. Thus, the RNC can forward over the tunnel GTP-PDUs before they are ciphered. These un-ciphered PDUs are similar to the ones sent over the target path (from target SGSN to target RNC).
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On the contrary, in the LTE system:

It has been decided at last RAN3#50 (see joint RAN2/3/SA3 meeting in Sophia Antipolis) that the ciphering of user plane in LTE will be done in the ASGW.
Data forwarding during HO SAE ( /3G

· Data are already ciphered when arriving in source eNodeB and should not be ciphered a second time. As a consequence, it should be de-ciphered. As the target RNC does not know the ciphering used in SAE, the de-ciphering could take place in the SAE entity which ciphers data. Data forwarding should be “tromboned” back to the entity above eNodeB which performed SAE ciphering before being sent down to the target 3G RNC.

This will create the following complexity during inter-system handovers:
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Data forwarding during HO 3G ( SAE

· A source 3G RNC does not cipher data when forwarding them to a target RNC in case of 3G SRNS relocation, so that the 3G RNC will not cipher data when forwarding data to target eNodeB.

· As ciphering is not done in eNodeB in SAE, data will not be ciphered. In order to solve this problem, the source 3G RNC needs to forward data to the entity above eNodeB to allow it to cipher before sending data to target eNodeB.

· This could be done by target MME providing the IP address of the entity above eNodeB to the source RNC instead of providing IP address of the target eNodeB, this would have no impact on legacy source RNC/SGSN but is a special handling of HO compared to intra-SAE HO

5 Conclusion

This contribution has presented two ways of performing duplication and data forwarding of real time flows in LTE:

- solution 1: the duplicating node is the ASGW (also named "bi-casting solution")
- solution 2: the duplicating node is the eNodeB

It has shown that the solution the closest to UTRAN in terms of intra-LTE handover performance (see TR25.913 requirements) is solution 1 which traverses only once the last mile. Comparatively, solution 2 would traverse three times the last mile, degrading the quality (interruption time longer) and impairing the efficiency (bandwidth), particularly when congested.

Moreover, it is believed that the extra delay of solution 2 is a show stopper for real time flows due to the stringent timing requirements inherent to any associated radio bi-casting mechanism that would use the two flows at target side.
It has also been shown that solution 2 newly introduces some extra complexity not met so far: simultaneous handling of ciphered and un-ciphered flows. This would require in the inter-LTE handover scenario a tromboning of forwarded data back to the ASGW, deciphering, and re-ciphering again at target RNC, or any other complex solution that would solve that problem still to be further analysed.
Besides, any of this mechanism is efficient to improve the interruption time only if radio bi-casting is used at the same time to take advantage of the two flows arriving at target side.
Therefore it is proposed to agree on the following:

If RAN2 concludes that radio bi-casting is useful and needed to improve the interruption time over the radio during mobility, then the associated duplication and forwarding method in the network agreed by RAN3 is from the ASGW.
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