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1. Introduction

This paper discusses the mobility aspects of OFDM in UTRAN. First it presents a number of assumptions made for this paper to discuss the various aspects of mobility in UTRAN when introducing OFDM. Then several mobility cases between OFDM and WCDMA and inside OFDM are envisaged and finally an approach is proposed to study feasible scenarios for OFDM in UTRAN.
An associated text proposal is enclosed at the end of the document for inclusion in TR25.892. 

2. Assumptions

In the framework of the Study Item “Analysis of OFDM for UTRAN enhancement”, RAN1 is considering that the OFDM modulation is used on a separate carrier. However this separate carrier does not constitute a cell as it has been the assumption so far that access procedures and real-time services are performed on WCDMA.
At this point of the study, there is no assumption regarding the frequency bands in which the extra DL carrier is located. It could be either in the core band or in the extension bands as described in TR25.889 depending on the operator’s spectrum arrangement.
In the same manner, no specific assumption has been made regarding the band in which the associated WCDMA UL is located.

There is not intention to propose additional or new spectrum arrangements than those described in TR25.889 for both the WCDMA UL and OFDM DL but to utilize what has been deemed feasible by RAN4 for WCDMA UL and DL, and to replace the WCDMA DL by an OFDM DL.

Deployment scenarios

As a first step this paper, assumes that coverage of the OFDM DL carrier is identical to that of the associated WCDMA cell i.e. it is assumed that there is sufficient power margin in the DL to cope with the pathloss difference between different bands (if OFDM and WCDMA are deployed in different bands) and also potential difference due to the use of OFDM instead of WCDMA. Therefore no particular assumption is made in terms of frequency bands for both WCDMA and OFDM i.e. the following is meant to cover all deployment scenarios even if some are more realistic than others : 
1) WCDMA UL in core band

WCDMA DL in core band

OFDM in core band

2) WCDMA UL in core band

WCDMA DL in core band

OFDM in new band

3) WCDMA UL in new band

WCDMA DL in new band

OFDM in new band

4) WCDMA in new band

WCDMA in new band

OFDM in core band

UE aspects

In their study RAN4 have demonstrated the possibility of implementing multiple band pairing options using variable duplex technology, it is assumed that the conclusion is equally applicable to the reception of DL OFDM however no assumption is made regarding mandatory support of VDT.
RAN4 also concluded that the development of UEs for the case of a DL only frequency arrangement for the 2.5GHz band is not considered risky or terms of implementation. Example of such implementation is presented in TR25.889 section 6.2. It is assumed in the following that this conclusion is equally applicable to OFDM.
It is assumed that compressed mode is not used in the DL as there is no associated DL DPCH as in release 5 HSDPA. However, an equivalent of compressed mode may be defined to allow the creation of gaps in the DL. These gaps are idle periods when the UE is not required to receive any data and is therefore able to measure on another frequency if needed. A possible way to do this could be to let the MAC-hs scheduler handle the creation of idle periods according to parameters signaled by the RNC.
Compressed mode maybe needed in the UL depending on UE implemention and spectrum arrangements.
3. Mobility scenarios with OFDM DL
In the framework of the Study Item, OFDM is considered to be used in conjunction with HSDPA channels. This has a number of implications : 

· Access procedures as well as radio bearer setup are performed on the WCDMA carrier. Subsequently a reconfiguration takes place to move the UE from the WCDMA carrier to the OFDM carrier and configure HS-SCCH and HS-PDSCH reception in the UE.

· When a conversational service needs to be setup, a reconfiguration towards the WCDMA carrier is necessary. This is based on request for conversational services from the CN and does not necessitate the UE to perform any kind of measurements. The physical channel and TFCS are reconfigured on the WCDMA carrier to support the new service. If WCDMA is deployed in the core band, this procedure is already supported by the signaling. If. WCDMA is deployed in an additional set of spectrum, no signaling is needed other than that necessary to indicate to the UE to which band the physical channel belongs.
· Only handover is considered in the following : cell selection/reselection to or from the OFDM carrier is not described as the assumption is that the UE is in CELL_DCH state (there is a dedicated channel setup in the UL).
· Mobility procedures will follow what has been defined in the standard to support the “HS-DSCH serving cell change”.

In the following, only the HS-DSCH serving cell changes either on OFDM or WCDMA are considered. The term “OFDM HS-DSCH serving cell” designates a mobility case where the UE changes HS-DSCH serving cell and the HS-DSCH resources from the serving cell are mapped onto OFDM. It should be noted that the additional spectrum from the cell which uses OFDM is not considered as a cell itself.
3.1 Mobility between OFDM HS-DSCH serving cells
In this scenario the UE reaches the coverage limit of the source OFDM HS-DSCH serving cell and needs to be handed over to a neighbouring OFDM HS-DSCH serving cell.
At least one new UE measurement equivalent of CPICH RSCP or CPICH Ec/Ior is necessary for the UTRAN to be able to track the UE leaving the coverage area of one OFDM carrier and entering that of a neighbouring one. To support blind HS-DSCH serving cell change it is sufficient for the UE to measure and report this measurement for the current serving OFDM HS-DSCH serving cell. 
For non blind handover, the UE will also need to measure and report for neighbouring OFDM HS-DSCH serving cells.
This measurement could be performed on the OFDM-CPICH described in section 6.2.1.1 of TR25.892.
The case of mobility between OFDM HS-DSCH serving cell can be further divided in 2 main cases depending on whether or not the OFDM HS-DSCH serving cells use the same frequency or not which is equivalent to the fact that associated UL use the same frequency or not.
· If associated UL use the same frequency, compressed mode is not needed

· If associated UL are on different frequencies compressed mode may be needed according to UE capabilities.

3.2 Mobility from an OFDM serving HS-DSCH cell to a WCDMA HS-DSCH serving cell
In this scenario, the UE reaches the coverage limit of an OFDM HS-DSCH serving cell and needs to be handed over to a WCDMA HS-DSCH serving cell. This happens e.g when reaching the deployment limit of OFDM within an operator’s network.

In this case, the source and target serving cells are on different frequencies, possibly different frequency bands depending on the deployment scenario.
The UE needs to measure the serving OFDM HS-DSCH serving cell for the network to be able to identify that the UE is leaving the coverage area of the OFDM HS-DSCH serving cell.
In case of blind HS-DSCH serving cell change, this measurement will be sufficient.

In the general case, the UE will also need to perform existing WCDMA measurements for the UTRAN to identify the best target cell for this UE. For such measurements, the scheduler may need to create some gaps in the data transmission to the UE and depending on UE capabilities compressed mode may be needed in the UL.
This is deemed feasible from a UE implementation point-of view as the UE is not required to simultaneously receive OFDM and WCDMA but it has the capability of receiving either of them.
3.3 Mobility from a WCDMA HS-DSCH serving cell to an OFDM serving cell

In this scenario, the UE reaches the coverage limit of a WCDMA HS-DSCH serving cell and needs to be handed over to an OFDM HS-DSCH serving cell. This happens e.g when entering OFDM coverage within an operator’s network.

In this case, the source and target serving cells are on different frequencies, possibly different frequency bands depending on the deployment scenario.

The UE needs to measure the serving WCDMA HS-DSCH serving cell for the network to be able to identify that the UE is leaving the coverage area of the WCDMA HS-DSCH serving cell.

In case of blind HS-DSCH serving cell change, this measurement will be sufficient.

In the general case, the UE will also need to perform OFDM measurements for the UTRAN to identify the best target cell for this UE. For such measurements, the scheduler mayneed to create some gaps in the data transmission to the UE and depending on UE capabilities compressed mode may be needed in the UL/DL. This is deemed feasible from a UE implementation point-of view as the UE is not required to simultaneously receive OFDM and WCDMA but it has the capability of receiving either of them.
4. Conclusion

In this paper a first analysis of the support of mobility when introducing OFDM in UTRAN was presented. It focuses on the change of HS-DSCH serving cell as OFDM is studied in conjunction with the use of HSDPA in a cell.
It is proposed that the following text in included in section 6.4 of TR25.892
-------------------------------------Start of text proposal----------------------------------------------------------

6.4 
Handover 
6.4.1
Identical coverage between WCDMA and OFDM

In the following, it is assumed that coverage of the OFDM DL carrier is identical to that of the associated WCDMA cell i.e. it is assumed that there is sufficient power margin in the DL to cope with the pathloss difference between different bands (if OFDM and WCDMA are deployed in different bands) and also potential difference due to the use of OFDM instead of WCDMA. Therefore no particular assumption is made in terms of frequency bands for both WCDMA and OFDM i.e. the following is meant to cover all deployment scenarios : 

· WCDMA UL in core band

WCDMA DL in core band

OFDM in core band

· WCDMA UL in core band

WCDMA DL in core band

OFDM in new band

· WCDMA UL in new band

WCDMA DL in new band

OFDM in new band

· WCDMA in new band

WCDMA in new band

OFDM in core band

UE aspects

In the RAN4 study on “ feasibility study considering the viable deployment of UTRA in additional and diverse spectrum arrangements” RAN4 have demonstrated the possibility of implementing multiple band pairing options using variable duplex technology, it is assumed that the conclusion is equally applicable to the reception of DL OFDM however no assumption is made regarding mandatory support of VDT.

RAN4 also concluded that the development of UEs for the case of a DL only frequency arrangement for the 2.5GHz band is not considered risky in terms of implementation. Examples of such implementation are presented in TR25.889 section 6.2. It is assumed in the following that this conclusion is equally applicable to OFDM.

It is assumed that compressed mode is not used in the DL as there is no associated DL DPCH as in release 5 HSDPA. However an equivalent of compressed mode may be defined to allow the creation of gaps in the DL. These gaps are idle periods when the UE is not required to receive any data and is therefore able to measure on another frequency if needed. A possible way to do this could be to let the MAC-hs scheduler handle the creation of idle periods according to parameters signaled by the RNC.

Compressed mode maybe needed in the UL depending on UE implementation and spectrum arrangements..

6.4.1.2
Serving HS-DSCH cell change

In the framework of the Study Item, OFDM is considered to be used in conjunction with HSDPA channels. This has a number of implications : 

· Access procedures as well as radio bearer setup are performed on the WCDMA carrier. Subsequently a reconfiguration takes place to move the UE from the WCDMA carrier to the OFDM carrier and configure HS-SCCH and HS-PDSCH reception in the UE.

· When a conversational service needs to be setup, a handover towards the WCDMA carrier is necessary. This is based solely on request for conversational services from the CN and does not necessitate the UE to perform any kind of measurements. The physical channel and TFCS are reconfigured on the WCDMA carrier to support the new service. If WCDMA is deployed in the core band, this procedure is already supported by the signaling. If WCDMA is deployed in an additional set of spectrum, no other signaling is needed other than that necessary to indicate to the UE to which band the physical channel belongs.
· Only handover is considered in the following : cell selection/reselection to or from the OFDM carrier is not described as the assumption is that the UE is in CELL_DCH state (there is a dedicated channel setup in the UL).

· Mobility procedures will follow what has been defined in the standard to support the “HS-DSCH serving cell change”.

In the following only the HS-DSCH serving cell changes either on OFDM or WCDMA are considered. The term “OFDM HS-DSCH serving cell” designates a mobility case where the UE changes HS-DSCH serving cell and the HS-DSCH resources from the serving cell are mapped onto OFDM. It should be noted that the additional spectrum from the cell which uses OFDM is not considered as a cell itself.

6.4.1.2.1

Mobility between OFDM HS-DSCH serving cells

In this scenario the UE reaches the coverage limit of the source OFDM HS-DSCH serving cell and needs to be handed over to a neighbouring OFDM HS-DSCH serving cell.

At least one new UE measurement equivalent of CPICH RSCP or CPICH Ec/Ior is necessary for the UTRAN to be able to track the UE leaving the coverage area of one OFDM carrier and entering that of a neighbouring one. To support blind HS-DSCH serving cell change it is sufficient for the UE to measure and report this measurement for the current serving OFDM HS-DSCH serving cell. 

For non blind handover, the UE will also need to measure and report for neighbouring OFDM HS-DSCH serving cells.

This measurement could be performed on the OFDM-CPICH described in section 6.2.1.1..

The case of mobility between OFDM HS-DSCH serving cell can be further divided in 2 main cases depending on whether or not the OFDM HS-DSCH serving cells use the same frequency or not which is equivalent to the fact that associated UL use the same frequency or not.

· If associated UL use the same frequency, compressed mode is not needed

· If associated UL are on different frequencies compressed mode may be needed according to UE capabilities.

6.4.1.2.2

Mobility from an OFDM serving HS-DSCH cell to a WCDMA HS-DSCH serving cell

In this scenario, the UE reaches the coverage limit of an OFDM HS-DSCH serving cell and needs to be handed over to a WCDMA HS-DSCH serving cell. This happens e.g when reaching the deployment limit of OFDM within an operator’s network.

In this case, the source and target serving cells are on different frequencies, possibly different frequency bands depending on the deployment scenario.

The UE needs to measure the serving OFDM HS-DSCH serving cell for the network to be able to identify that the UE is leaving the coverage area of the OFDM HS-DSCH serving cell.

In case of blind HS-DSCH serving cell change, this measurement will be sufficient.

In the general case, the UE will also need to perform existing WCDMA measurements for the UTRAN to identify the best target cell for this UE. For such measurements, the scheduler may need to create some gaps in the data transmission to the UE and depending on UE capabilities compressed mode may be needed in the UL. This is deemed feasible from a UE implementation point-of view as the UE is not required to simultaneously receive OFDM and WCDMA but it has the capability of receiving either of them.

6.4.1.2.3

Mobility from a W-CDMA HS-DSCH serving cell to an OFDM serving cell
In this scenario, the UE reaches the coverage limit of a W-CDMA HS-DSCH serving cell and needs to be handed over to an OFDM HS-DSCH serving cell. This happens e.g when entering OFDM coverage within an operator’s network.

In this case, the source and target serving cells are on different frequencies, possibly different frequency bands depending on the deployment scenario.

The UE needs to measure the serving WCDMA HS-DSCH serving cell for the network to be able to identify that the UE is leaving the coverage area of the WCDMA HS-DSCH serving cell.

In case of blind HS-DSCH serving cell change, this measurement will be sufficient.

In the general case, the UE will also need to perform OFDM measurements for the UTRAN to identify the best target cell for this UE. For such measurements, the scheduler may need to create some gaps in the data transmission to the UE and depending on UE capabilities compressed mode may be needed in the UL/DL. This is deemed feasible from a UE implementation point-of view as the UE is not required to simultaneously receive OFDM and WCDMA but it has the capability of receiving either of them.

-------------------------------------End of text proposal----------------------------------------------------------
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