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1. Introduction

In previous meetings it has been discussed whether the existing requirements on intra-LTE mobility are sufficient for a good system performance or not. The discussion has also been continued on the email reflector in where many good comments and questions have been brought up.
The purpose with this contribution is to summarize the discussion so far, and propose to conclude on way forward. We believe that one reason for the discussion so far has been rather complex, is that the subject is “wide” spanning over several groups expertise, and for that reason we start this contribution by discussing the definition of the requirements, followed by a proposal for formulation of the requirement.
It should also be noted that this contribution limits it scope to intra-LTE mobility. Mobility towards other access technologies requires its own discussion.
2. What requirements are needed?
Studying a “typical” signalling flow for mobility, we can see that the handover procedure consist of the following: radio conditions are changing, UE sends a measurement report, the network takes a decision and prepares the target cell, the network commands the UE to change cell, the UE reconfigures L1 and synchronizes to the target cell, data is transmitted and received in the target cell and resources in the source cell are released. This process is illustrated in Figure 1, and we would like to point out that although we in Figure 1 have assumed a central controller taking the handover decision, there is no principal difference if the decision should have been taken in the Node B as is proposed by some architecture proposals.
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Figure 1: Schematic handover procedure and possible requirement definitions

From Figure 1, we can also see that there are basically three relevant ways we can define requirements on the mobility scheme:

A. Requirements on the time it takes from a change of the radio conditions until the UE is sending a measurement report.

B. Requirements on the time it takes for the UE to switch parameters on layer 1 and synchronize towards the target cell and is ready to transmit and receive PDUs in the target cell. This is sometimes called interruption time.
C. Requirements the full handover procedure is allowed to take, i.e. from there has been a change in radio conditions until the UE is ready to transmit and receive PDUs in the target cell.

Requirement A and B are typical radio performance requirements on the UE and such requirements should and will be defined in order to be able to ensure good overall system performance for LTE. Requirement A is needed to ensure that the network is informed fast enough at the time of handover. Requirement B is needed to ensure that the interruption of the user data flow is minimized, and that layer 1 related signalling is maintained.
Requirement C is a system level requirement. Likely, it will not show up in the final LTE specifications at all, as any vendor can with the existence of requirement A and B develop a system that perform well from a requirement C point of view. Requirement C could however at an early system design be useful as an overall target, in order to guide the definition of requirements A and B.
As a final comment we also note that from requirements A, B and C, it is only requirement B that will impact the end user perception of the HO, as it is the interruption of the user data flow that might be noticed (of course under the assumption that the requirement A is not set so loose that the call is dropped before a HO decision is taken).

Considering that 25.913 is an overall system requirement specification, in where the requirements are used as targets for the overall system design, requirements B or C can be candidates for inclusion in 25.913.

It then makes sense to define requirement B in 25.913 and leave requirement C outside the specification work. This as requirement B will be the requirement that will impact the end user performance, as well as that we know that with the existence of requirement B, it is possible to do a good system design.

3. Definition of Requirement B
There exist several different ways to define requirement B. On the email reflector it was proposed to define it from a pure end user perception perspective, using the interruption time of the end user data flow as an indicator. Although perfectly possible, we note that depending on the radio layer 1, there might be other factors than the end user data flow interruption that are more critical for the system performance. For example specification [25.133] uses the formulation: 
"The interruption time, i.e. the time between the last TTI containing a transport block on the old DPDCH and the time the UE starts transmission of the new uplink DPCCH..."
In this case, it is basically a requirement on how fast the UE is able to switch L1 parameters. Note that start transmission on DPCCH is not the same as sending the first uplink data packet, as it in WCDMA was considered important that the UE started power control towards the target cell as soon as possible. In GSM specifications, the term “ready to transmit” is used in a similar way.

Considering that all details of LTE layer 1 are not yet defined, we think that for the purpose of 25.913 the requirement can be formulated so that it is clear that we mean the interruption time on layer 1. In a further stage in the specification work, RAN4 can use that as a basis for further formulations on exact specification text.
Several values ranging from 20ms to 100ms has been proposed in the earlier discussion (although not always 100% clear how the proposed value was defined). Although it can always be claimed “lower is better” there has also been raised worries about that we with very low values might imply extra complexity in the UE and network implementation, which might not be motivated by an enhanced end user perception.
For packet based services that are not using retransmissions the interruption time is basically limited by the human perception, and we know that interruption times in the order of 100ms are sufficient in today’s voice services. For services using retransmission (i.e. TCP) interruption time values in the order of 50ms will give good performance [R3-051091]. With that as a base, and under the assumption that requirement B is a requirement on the time it takes for the UE to reconfigure layer 1 we believe that 20ms is an appropriate value. With such a requirement, we create some margin against implementation and optimization errors, and we do not believe that such a value will imply any unreasonable complexity to the UE or network.
4. Proposal
We propose the following changes to 25.913. If these changes are agreed, Ericsson volunteers to prepare the needed CR.

7.3
Mobility

The E-UTRAN shall support mobility across the cellular network and should be optimized for low mobile speed from 0 to 15 km/h. Higher mobile speed between 15 and 120 km/h should be supported with high performance. Mobility across the cellular network shall be maintained at speeds from 120 km/h to 350 km/h (or even up to 500 km/h depending on the frequency band). Voice and other real-time services supported in the CS domain in R6 shall be supported by E-UTRAN via the PS domain with at least equal quality as supported by UTRAN (e.g. in terms of guaranteed bit rate)　over the whole of the speed range. 
The intra E-UTRA handover interruption time, i.e. the time the UE needs to reconfigure layer 1 and is ready to transmit and receive PDUs in to the target cell, shall be less than 20 msec .
The mobile speed above 250 km/h represents special case, such as high speed train environment. In such case a special scenario applies for issues such as mobility solutions and channel models. For the physical layer parameterization E-UTRAN should be able to maintain the connection up to 350 km/h, or even up to 500 km/h depending on the frequency band.
The E-UTRAN shall also support techniques and mechanisms to optimize delay and packet loss during intra system handover.
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