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1 Introduction

The present LTE radio model follows closely the model of GSM. The LTE system, has two states IDLE and ACTIVE is very similar to GSM with IDLE and DEDICATED states. In addition to these similarities, LTE like GSM, will not support soft handover.
Huawei would like to discuss if we should adopt a similar approach to GSM for LTE radio. This paper describes GSM hard handover concepts and sees how these concepts may be adopted for LTE Handover preparation.

2 Discussion
Handover preparation is split into the for functional parts

· Mobile measurement control

· Start of Handover preparation

· Setup of Target cell/Target eNode B

Mobile measurement control

The GSM mobile performs measurements of neighbour cell list which is provided to the UE by dedicated signalling on SACH

The mobile performs measurements on this list periodically (500ms) and sends on a dedicated SACH channel which ensures that measurements can always be reported and are not blocked by other RRC messages. The SACH is also used for SMS but procedures are in place to ensure that SMS traffic is multiplexed with measurements and thus the measurements are not degraded. The mobile is required to detect and measure the neighbour cells and report them regularly to the BSC
One reason for periodic reporting is that GSM handover was built to take care of the case of the “corner street” effect
For LTE, we believe that we should adopt a similar set of concepts as in GSM as we believe that the corner street effect will be even more prevalent in LTE (than in GSM) and thus the method use in UTRA where by a specific event or criteria is reached before measurement reports are made by the mobile may not work sufficiently well for LTE to cater for urgent handover.




Start of Handover preparation

Handover preparation is triggered when measurement reports are received by the source eNode B, the handover decision is a source eNode B decision where it decides at what point a handover is needed and which target cell (among many) should have a handover triggered to.
Handover decision

In GSM the handover decision is BSC functionality based on these measurements.

In GSM protocol, the concept of urgent handover caters for the corner street effect whereby the BSC can detect that the network has lost the uplink and trigger an urgent handover based on the last received measurements from the UE 
The following sections list the different handover scenarios. For the general case (RX LEV), as we can see from figure1 that UE moves from cell A to cell B with either slow or fast speed. The UE sends the measurement periodically to the network, and the network makes the HO decision based on an RRM algorithm, i.e., the relative quality level between cell A and B satisfies certain conditions.
It is possible for this case that an event report mode can be used in this case the UE may send the measurement report when the overlapped area condition on downlink is detected, and network can make the HO decision. In this case, both period and event report mode could work.


Figure 1 normal case for big cells, slow or fast moving
Figure 2 shows the case that UE moves around the street corner. At normal speeds, UE could send either periodic or event measurement report to the network for HO decision, since both UL and DL link may be fine as the UE moves with a normal speed around the corner. The problem is, however, when UE’s speed is fast, the UE may not be able to send the even-triggered measurement report to the network, as the UL may be lost, however with periodic measurements the network could take a decision and trigger an urgent HO based on the last received periodic measurements. 

Figure 2 corner street effect (URBAN slow moving mobile)

A similar case is found in the scenario when entering into in building coverage, see Figure 3. In this case, before UE enters into the building, the quality of cell A is good enough that the event criteria is not satisfied, but deteriorates quickly upon UE entering the indoor cell B regardless of slow or fast speed, with the aid of the last received period measurement, the network also could make an urgent HO so that the connection may not be lost

Figure 3 entering into in building coverage
Based on the discussion above, we see that, by adopting periodic measurement reporting, the network could handle different use cases, the drawbacks of period reporting is one of signalling load over Uplink air interface.
Setup of Target cell/target eNode B

Use cases where

· Source and target eNode B are meshed

· Where source and target eNode are not meshed

· Source and target eNode B are connected to the same AGW

· Source and target eNode B are not connected to the same AGW

Cases where the node Bs are either not meshed or connected to the same AGW are FFS

Source and target eNode B are meshed and connected to the same AGW

Once the source eNodeB has decided that a need to perform handover is required, it must choose a target cell to which the handover may be triggered. The RRM entity in the source eNode B is restricted as to which target cell could be chosen as it may not be aware of the condition of the cell in terms of load. This document discusses the case where the Setup of radio resources is made on a target cell which is a cell hosted on an eNode B which is not the source eNodeB.
The case where the target cell is hosted on the source eNode B is of course a source eNode B matter and we therefore concern ourselves with discussions on the signalling interactions on the X2 interface.

In general the eNode B will only decide to handover to a target cell when it has no internal option. The decision as to which neighbour cell is to be chosen out of the number of possible candidate cells, really depends on information which may be supplied to the source eNode B on the X2 interfaces (from target eNode B). It is sufficient to say that when the source eNode B decides to trigger a handover to a target cell on another eNode B the source eNode B needs to supply a minimum amount of data to the target eNode B in order that the target eNode B can allocate the necessary resources
Information supplied to the target eNode B by the source eNode B:
· Handover cause (Urgent, non urgent, O&M)

· UE Capability

· Security

· Source eNode B Radio bearer configuration

· S1 configuration (SAE Bearer)
With this information the target eNode B can perform CAC and decide whether the handover can proceed. If a handover is favourable the target eNodeB should build the Handover command message which is sent back to the source eNodeB for forwarding blindly to the mobile. This is similar to GERAN, UTRAN where the source BSC/RNC are unaware of the allocation or procedure performed by the target entity.
HO CMD contains:

· CRNTI

· RACH parameters (Synch, non synch)

Handover preparation failure in the target eNode B may fail and in general this will occur due to radio reasons due to the CAC RRM functionality refusing to allow the UE into the cell. In the case of failure the source eNode B may attempt to prepare handover to another target cell.



3 Conclusion

The following table compares the handover related pointed between GSM and UTRAN, our suggestions in LTE is also shown, we would like RAN2 to consider adopting a GSM like mechanism for LTE.
Table 1 Comparison of handover
	Characteristics
	GSM
	UTRAN
	LTE 

	HO type
	Hard 
	Soft & Hard
	Hard

	Measurement control
	SACH SI6
	MEASUREMENT CONTROL
	BCCH?/Dedicated?

	Reporting Mode
	Periodic
	Event-triggered & Periodic
	Periodic

	Protocol layer for HO
	RR
	RRC
	RRC

	HO prep Responsible function
	RRM
	RRM
	RRM

	Controlling Entity
	Source BSC
	Source RNC
	Source E-Node B

	Decision criteria
	RX Lev source cell and neighbor cell
	Ec/Io or RSCP quality
	Radio criteria (TBD) Source and Neighbor cell`

	Slave entity
	Target BSC
	Target RNC
	Target E-Node B

	Reason for handover prep failure
	CAC
	CAC
	CAC

	CN involvement
	Inter BSC (MSC, SGSN)
	Inter RNC (MSC, SGSN)
Relocation
	AGW?
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