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1 Introduction
A major functionality required to provide seamless mobility between LTE and 3GPP2 HRPD systems is the ability for the UE to make measurements in the 3GPP2 HRPD system(s) in both LTE_ACTIVE and LTE_IDLE. The UE must be able to provide cell identification and signal/power level measurements of the neighboring 3GPP2 HRPD cells. To help manage the UE battery life, the LTE system should have a full control over when the UE makes measurements in the 3GPP2 HRPD system.

The goal of this document is to describe how the LTE system can control and configure the UE in order to make efficient 3GPP2 HRPD measurements while being attached to the LTE system.

2 Discussions

In order to support seamless mobility between LTE and non-3GPP systems, the UE must be able to make measurements on the HRPD system cells in both LTE_ACTIVE and LTE_IDLE modes. . In LTE_IDLE mode, these measurements will be used to perform cell re-selection. While in LTE_ACTIVE mode, these measurements will be used to provide the eNB with non-3GPP cell measurements to be used in determining if a UE should move to HRPD. When these measurements should be made and, in some cases, what should be measured should be under the control of the network. This will help control the battery usage and help minimize the number of measurement gaps required for single receiver UEs to make the HRPD measurements.

In order for the UE to make the 3GPP2 measurements, the LTE system must provide it with the 3GPP2 cell information as part of the measurement configuration.  In LTE_IDLE Mode, the 3GPP2 cell information and cell re-selection parameters are used to control when the mobile should start measuring the HRPD cells and when it would actually perform a cell re-selection. In the LTE_ACTIVE mode, the network uses the measurement configuration framework to indicate when the UE should begin measuring and reporting the neighboring HRPD cells’ information.

In general the same stage 2 principles used for LTE to UTRAN/GERAN measurement mechanism are re-used where possible for the 3GPP2 HRPD cell re-selection, measurement control and reporting.

3 Proposal
a) LTE to 3GPP2 Inter-working

To support efficient inter-working, we must control the 3GPP2 HRPD measurements made by the UE while the UE is attached to the LTE system in either LTE_IDLE or LTE_ACTIVE mode. If we allow the UE to always perform HRPD measurements we will place additional burden on the UE battery. To reduce such a burden, the UE should only make HPRD measurements when directed by the eNB. 

The following proposal assumes that the UE is in sync with HRPD system. This is addressed by the companion contribution [1].

b) 3GPP2 HRPD Neighbor List Information

The 3GPP2 HRPD Neighbor list information is a subset of the current HRPD Neighbor List Message. The following items shall be included in the list:

· HRPD Pilot PN sequence offset index increment – 4 bits

A mobile station searches for pilots at pilot PN sequence index values that are multiples of this value.

· Number of HRPD Neighbor Band Class – 3 bits

Set this to the number of HRPD band classes that are included in this information.

The following will repeat for each specific band class.

· HRPD Neighbor Band Class – 5 bits

The access network shall set this field to the HRPD band class number corresponding to the frequency assignment.

· Number of HRDP Neighbor Frequency – 3 bits

Set this to the number of HRPD Neighbor Frequencies that are included in this information.

The following will repeat for each group of cells grouped by a specific Frequency.

· HRPD Neighbor Frequency – 11 bits

The access network shall set this field to the channel number corresponding to the frequency assignment.

· Number of HRPD Neighbor PN Sequence Offset – 5 bits

Number of records specifying neighboring sectors information included in the list for the specific band class and frequency
· HRPD Neighbor PN Sequence Offset List for the specific band class and frequency which contains the following information for each neighbor:

· HRPD Neighbor PN Sequence Offset - 9 bits

The base station shall set this field to the PN Offset of a neighboring sector.

It is FFS if we need to include the Search Window information as a way to optimize the pilot search.

The 3GPP2 HRPD and 1xRTT Neighbor list information will be defined in different IEs. Both may be sent to the UE per operator configuration.

c) Idle Mode Measurement and Re-selection Control

While the UE is attached in the LTE network in LTE_Idle mode, measurements shall be controlled by the EUTRAN by broadcasting the 3GPP2 HRPD cell list parameters and system re-selection parameters over the LTE broadcast channel. The network will broadcast these parameters in LTE system information block(s) through the addition of new 3GPP2 HRPD IEs.  The specific system information block(s) will be aligned with the intra-3GPP inter-RAT parameters.

One concern is the possibility of bouncing back and forth between the LTE and the 3GPP2 HRPD systems. However, this is a common problem between LTE and all other RATs that it might inter-work with. Parameters and procedures to control inter-system bouncing will be aligned with the other RATs.

Our proposal is to use the intra-3GPP inter-RAT cell reselection framework which has a mechanism to control when measurements in the HRPD system would begin. This is done in the existing system when Quality on serving cell falls below a given threshold. Additional parameters that control when the UE would move to the HRPD system are also used. 

· HRPD Start Measuring LTE Signal Quality Threshold

The received signal quality threshold value (relative measurement) is used in the LTE system to determine that HRPD measurements should start. See below definition of use.

· HRPD Start Measuring LTE Rx Power Strength Threshold 

The received power level threshold value (absolute measurement) is used in the LTE system to determine if HRPD measurements should start. See below definition of use.

· CDMA HRPD Neighbor  List Information (See b) above)

Where the decision to measure in the HRPD system are controlled by the following rules:

If the measured Signal Quality of the serving cell <= HRPD Start Measuring LTE Signal Quality Threshold or the measured Rx Power Strength of the serving cell <= HPRD Start Measuring LTE Rx Power Strength Threshold, UE will start making HRPD measurements.

If the measured Signal Quality of the serving cell > HRPD Start Measuring LTE Signal Quality Threshold and the measured Rx Power Strength of the serving cell > HRPD Start Measuring LTE Rx Power Strength Threshold, UE may stop making HRPD measurements. Any measurements made after this would not be used for cell re-selection while this condition persists.
Additional parameters that may be useful for cell re-selection that are FFS at this time are:

· Re-selection Threshold 

The pilot strength threshold a neighboring HRPD cell must exceed so as to be considered as a re-selection candidate.

· Re-selection Threshold Timer

The time that the re-selection threshold must be exceeded before the system would attempt to perform a cell reselection.

In the idle mode, the UE performs 3GPP2 HRPD neighbor cell measurements during DRX periods, between paging occasions.  The periodicity of the HRPD measurements is a common issue that should be addressed for all intra-3GPP inter-RAT measurements and is FFS. 

d) Active Mode Measurement Control

While the UE is attached in the LTE network, in LTE_ACTIVE mode, the UE will perform radio measurements on the 3GPP2 HRPD network when directed by the LTE network.  The network provides the required 3GPP2 HRPD neighbor list information and measurement controls to the UE. When needed the eNB is responsible for configuring and activating the 1xRTT measurements on the UE via the dedicated RRC Radio Connection Modification signaling message with newly defined IEs. The following parameters are required to control the 3GPP2 HRPD measurements: 

· Gap pattern – for the single receiver case; it is FFS if Gap Patterns are required for the dual receiver case

· CDMA Neighbor List Information ( This information is in the Broadcast information and it is FFS if this needs to be included in the Measurement configuration message)

Additional parameters that may be useful for HRPD measurements that are FFS at this time are:

· Candidate Threshold

The pilot strength a neighboring HRPD cell must exceed so as to be considered as a handover candidate.

· Candidate Threshold Timer

The time that the candidate threshold must be exceeded before the system would include the cell in the measurement report.

For single-radio terminals, measurement gaps are needed to allow the UE to switch into the HRPD network and do radio measurements. These Measurement gaps are network-controlled. The eNB is responsible for configuring the gap pattern and providing the information to the UE through RRC dedicated signaling. Terminals with a dual receiver perform measurements on 3GPP2 HRPD neighbor cells without tuning away from the LTE network.  As stated above it is FFS whether or not a gap pattern is required for the dual receiver case.

In order to assist the eNB, the UE will inform the network of its gap-related capabilities. This capability will be transferred along with other UE capabilities. The UE will at least indicate its need for gaps (i.e. if it has a dual receiver). In cases that the measurement gaps are not required, the eNB can configure the measurements on HRPD cells without the need to configure the measurement gaps.

e) Active Mode Measurement Reporting

In LTE_Active mode the UE will report the HRPD neighbor cells Pilot PN Offsets and the pilot strengths of the cells identified in the neighbor list whose pilot strengths are above the candidate threshold. To do this, the UE will measure the neighboring HRPD cells’ power levels. The UE does not need to decode the synch channel if it has already acquired 3GPP2 HRPD synchronization. To perform the measurement, it needs to decode the PN offset without the need to decode the overhead (system information) of the HRPD neighboring cells. The measurement reporting framework supports both event driven and periodic measurement reports.
The UE will report a set of Pilot PN Offsets and associated Pilot Strengths in the RRC Measurement Report Message using new IEs for the HRPD specific information. The existing measurement reporting framework should be utilized wherever it is possible. 
4 Conclusion
In this paper, we have proposed using the Broadcast channel to provide UEs attached to the LTE network while in LTE_IDLE mode with 3GPP2 HRPD parameters for making HRPD measurements and performing LTE to 3GPP2 HRPD cell re-selection. In addition, we have proposed using the RRC measurement configuration message to provide the UE with the HRPD parameters for making 3GPP2 measurements and generating measurement reports when the UE is in the LTE_ACTIVE mode. We have also proposed using the existing RRC measurement reporting framework to report HRPD cell pilot strengths. This functionality will help support seamless handovers from the LTE to the HRPD network. If agreed, a text proposal is given below for inclusion in the TR. 
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Text proposal
5.2.3
Mobility from E-UTRAN to HRPD

5.2.3.1
HRPD System Information Transmission in E-UTRAN

Editor’s note: to specify what kind of HRPD system information is needed and how it will be transmitted in E-UTRAN.

5.2.3.2
Measuring HRPD from E-UTRAN

Editor’s note: to specify what kind of HRPD measurement is needed and how it will be done in E-UTRAN.

In order to support seamless mobility between E-UTRAN and HRPD the UE must be able to make measurements on the HRPD system cells in both LTE_ACTIVE and LTE_IDLE modes. In LTE_IDLE mode, these measurements will be used to perform cell re-selection. While in LTE_ACTIVE mode, these measurements will be used to provide the eNB with HRPD cell measurements to be used in determining if a UE should move to HRPD. When these measurements should be made and, in some cases, what should be measured should be under the control of the network. This will help control the battery usage and help minimize the number of measurement gaps required for single receiver UEs to make the HRPD measurements.

In order for the UE to make the HRPD measurements, the E-UTRAN system must provide it with 3GPP2 cell information as part of the measurement configuration.  In LTE_IDLE Mode, the HRPD cell information and cell re-selection parameters are used to control when the mobile should start measuring the HRPD cells and when it would actually perform a cell re-selection. In the LTE_ACTIVE mode, the network uses the Measurement Control message framework to indicate when the UE should begin measuring and reporting the HRPD neighboring cells’ information.

5.2.3.2.1
3GPP2 HRPD Neighbor List Information

The 3GPP2 HRPD Neighbor list information is a subset of the current HRPD Neighbor List Message. The following items shall be included in the list:

· HRPD Pilot PN sequence offset index increment – 4 bits

A mobile station searches for pilots at pilot PN sequence index values that are multiples of this value.

· Number of HRPD Neighbor Band Class – 3 bits

Set this to the number of HRPD band classes that are included in this information.

The following will repeat for each specific band class.

· HRPD Neighbor Band Class – 5 bits

The access network shall set this field to the HRPD band class number corresponding to the frequency assignment.

· Number of HRDP Neighbor Frequency – 3 bits

Set this to the number of HRPD Neighbor Frequencies that are included in this information.

The following will repeat for each group of cells grouped by a specific Frequency.

· HRPD Neighbor Frequency – 11 bits

The access network shall set this field to the channel number corresponding to the frequency assignment.

· Number of HRPD Neighbor PN Sequence Offset – 5 bits

Number of records specifying neighboring sectors information included in the list for the specific band class and frequency

· HRPD Neighbor PN Sequence Offset List for the specific band class and frequency which contains the following information for each neighbor:

· HRPD Neighbor PN Sequence Offset - 9 bits

The base station shall set this field to the PN Offset of a neighboring sector.

It is FFS if we need to include Search Window information as way to optimize the pilot search.

The 3GPP2 HRPD and HRPD Neighbor list information will be defined in different IEs. Both may be sent to the UE per operator configuration.

5.2.3.2.2
Idle Mode Measurement and Re-selection Control

While the UE is attached in the E-UTRAN network, in LTE_IDLE mode, measurements shall be controlled by the E-UTRAN by broadcasting the 3GPP2 HRPD cell list parameters and system re-selection parameters over the E-UTRAN broadcast channel. The network will broadcast these parameters in E-UTRAN system information block(s) through the addition of new 3GPP2 HRPD IEs.  The specific system information block(s) is FFS.

One concern is the possibility of bouncing back and forth between the E-UTRAN and the 3GPP2 HRPD systems.  However, this is a common problem between E-UTRAN and all other RATs that it might inter-work with. Parameters and procedures to control inter-system bouncing will be aligned with the other RATs.

One way to control when the UE would perform HRPD idle mode measurements and HRPD cell reselection is to use the intra-3GPP inter-RAT cell reselection. This framework provides a mechanism to control when UE begins to make measurements in the HRPD system. This is done in the existing system when the Quality on serving cell falls below a given threshold. Additional parameters that control when the UE would move to the HRPD system are also used. 

· HRPD Start Measuring LTE Signal Quality Threshold

The received signal quality threshold value (relative measurement) is used in the E-UTRAN to determine that HRPD measurements should start. See below definition of use.

· HRPD Start Measuring LTE Rx Power Strength Threshold 

The received power level threshold value (absolute measurement) is used in the E-UTRAN to determine if HRPD measurements should start. See below definition of use.

· 3GPP2 HRPD Neighbor  List Information (See 5.2.3.2.1
3GPP2 HRPD Neighbor List Information)

Where the decision to measure in the HRPD system are controlled by the following rules:

If the measured Signal Quality of the serving cell <= HRPD Start Measuring LTE Signal Quality Threshold or the measured Rx Power Strength of the serving cell <= HRPD Start Measuring LTE Rx Power Strength Threshold, the UE will start making HRPD measurements.

If the measured Signal Quality of the serving cell > HRPD Start Measuring LTE Signal Quality Threshold and the measured Rx Power Strength of the serving cell > HRPD Start Measuring LTE Rx Power Strength Threshold, the UE may stop making HRPD measurements. Any measurements made after this would not be used for cell re-selection while this condition persists.
Additional parameters that may be useful for cell re-selection that are FFS at this time are:

· Re-selection Threshold 

The pilot strength threshold a neighboring HRPD cell must exceed so as to be considered as a re-selection candidate.

· Re-selection Threshold Timer

The time that the re-selection threshold must be exceeded before the system would attempt to perform a cell reselection.

In the idle mode, the UE performs 3GPP2 HRPD neighbor cell measurements during DRX periods, between paging occasions.  The periodicity of the HRPD measurements is a common issue that should be addressed for all intra-3GPP inter-RAT measurements and is FFS. 

5.2.3.2.3
Active Mode Measurement Control

While the UE is attached in the LTE network, in LTE_ACTIVE mode, the UE will perform radio measurements on the 3GPP2 HRPD network when directed by the LTE network.  The network provides the required 3GPP2 HRPD neighbor list information and measurement controls to the UE. When needed the eNB is responsible for configuring and activating the 1xRTT measurements on the UE via the dedicated RRC Radio Connection Modification signaling message with newly defined IEs. The following parameters are required to control the 3GPP2 HRPD measurements: 

· Gap pattern – for the single receiver case; it is FFS if Gap Patterns are required for the dual receiver case

· 3GPP2 HRPD Neighbor List Information ( This information is in the Broadcast information and it is FFS if this needs to be included in the Measurement configuration message)

Additional parameters that may be useful for HRPD measurements that are FFS at this time are:

· Candidate Threshold

The pilot strength a neighboring HRPD cell must exceed so as to be considered as a handover candidate.

· Candidate Threshold Timer

The time that the candidate threshold must be exceeded before the system would include the cell in the measurement report.

For single-radio terminals, measurement gaps are needed to allow the UE to switch into the 3GPP2 HRPD network and do radio measurements. These Measurement gaps are network-controlled. The eNB is responsible for configuring the gap pattern and providing it to the UE through RRC dedicated signaling. Terminals with a dual receiver perform measurements on 3GPP2 HRPD neighbor cells without tuning away from the E-UTRAN network.  As stated above it is FFS whether or not a gap pattern is required for the dual receiver cases.

In order to assist the eNB, the UE will inform the network of its gap-related capabilities. This capability will be transferred along with other UE capabilities. The UE will at least indicate its need for gaps (i.e. if it has a dual receiver). In cases that measurement gaps are not required, the eNB can configure measurements on HRPD cells without the need to configure the measurement gaps.

5.2.3.2.4
Active Mode Measurement Reporting
In LTE_ACTIVE mode, the UE will report the HRPD neighbor cells’ Pilot PN Offsets and pilot strengths of the cells identified in the neighbor list whose pilot strengths are above the threshold. To do this, the UE will measure the neighboring HRPD cells’ power levels. The UE does not need to decode the synch channel if it has already acquired 3GPP2 HRPD synchronization. To perform the measurement, it needs to decode the PN offset without the need to decode the overhead (system information) of the HRPD neighboring cells.

The UE will report the set of Pilot PN Offsets and associated Pilot Strengths in the RRC Measurement Report Message using new IEs for the HRPD specific information. The existing measurement reporting framework should be utilized where possible. 
5.2.3.3
E-UTRAN to HRPD Cell Re-selection

Editor’s note: to specify mobility mechanism/procedure when mobile is handed over to HRPD from E-UTRAN in idle mode.

5.2.3.4
E-UTRAN to HRPD Handover

Editor’s note: to specify mobility mechanism/procedure when mobile is handed over to HRPD from E-UTRAN in active mode.

5.3.3
Mobility from E-UTRAN to cdma2000 1X

5.3.3.1
cdma2000 1X System Information Transmission in E-UTRAN

Editor’s note: to specify what kind of cdma2000 1X system information is needed and how it will be transmitted in E-UTRAN.

5.3.3.2
Measuring cdma2000 1X from E-UTRAN

Editor’s note: to specify what kind of cdma2000 1X measurement is needed and how it will be done in E-UTRAN.

5.3.3.3
E-UTRAN to cdma2000 1X Cell Re-selection

Editor’s note: to specify mobility mechanism/procedure when mobile is handed over to cdma2000 1X from E-UTRAN in idle mode.

5.3.3.4
E-UTRAN to cdma2000 1X Handover

Editor’s note: to specify mobility mechanism/procedure when mobile is handed over to cdma2000 1X from E-UTRAN in active mode.
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