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1 Introduction

This contribution describe and discuss inter-system measurement reporting and events for support of Inter-System handover. The contribution also proposes text to be included in TS 25.331 [1]. The contribution list some suggested requirements for discussion. Since the evaluation of handover from UTRAN to GSM needs to harmonise with the handover from GSM to UTRAN the measurements and triggering conditions for the UE while connected to a GSM system is also discussed. Aspects of the GSM part of the solution for GSM to UTRAN handover has been discussed in Tdoc SMG2 1145/99 [5], Tdoc SMG2 1288/99 [6], Tdoc SMG2 1275/99 [7], Tdoc SMG2 1160/99 [8]. 

The description is mostly based on existing options for measurement control and measurement reporting in TS 25.331[1]. The UTRAN measured quantities used in this contribution are defined in TS 25.215 [2] and the names of the measurements are according to TSGR#5(99)548 [3]. The GSM/GPRS measurements are defined in GSM 05.08 [4]. 

The description is based on the interaction between UTRAN and GSM when performing inter-system handover but it is expected that the proposed concept also are applicable for inter system handover to/from other systems.

The description and proposal is focusing on FDD mode of operation but may also be applicable for TDD mode of operation. 

2 Discussion

2.1 Estimated quality of UTRAN 

The Network need to get a quality estimate for the active set in UTRAN that to some extent take the anticipated macro diversity gain from soft handover into account. This quality estimate allows the network to use lower thresholds for triggering of Inter-System handover than if only the best UTRAN cell is included in the quality estimates. Note also that the proposed quality estimate for the active set is based on the same formula as for calculating the reporting range used in Intra-Frequency reporting events.

This quality estimate could both be used for the decision to start compressed mode measurements or that a Inter-System handover from the UTRAN cell(s) used on a UTRAN frequency to a GSM cell should be performed.

The estimated quality of the active set on a UTRAN is proposed to be defined by the following formula:
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The variables in the formula are defined as follows:

QUTRAN is the estimated quality of the active set on the currently used UTRAN frequency
MUTRAN is the estimated quality of the active set on currently used UTRAN frequency expressed in another unit. 

Mi is a measurement result of cell i in the active set.

NA is the number of cells in the active set. 
MBest is the measurement result of the strongest cell in the active set.  

W is a parameter with the value range 0-1 sent from UTRAN to UE 

W=0 only the measurement results from the best cell in the active set is used 

W=1 only the sum of the measurement results from the cells in the active set is used

It is proposed that CPICH Ec/Io and CPICH RSCP, see TS 25.215 [2], should be possible to use in this formula.

· If M equals CPICH RSCP expressed in milliwatt then  QUTRAN is the estimated quality in dBm

· If M equals CPICH Ec/No expressed as a ratio then  QUTRAN is the estimated quality in dB

2.2 Estimated quality of GSM

The estimated quality of GSM is proposed to be the measured "GSM carrier RSSI" on the best GSM cell. 

The need for cell individual offset on GSM cells is for FFS.

The BSIC confirmation status is assumed to have three values: 

· Unconfirmed, BSIC not read at all or not recent enough.

· Confirmed, BSIC is read and is correct (It is equal to one of the expected BSIC's on that frequency)

· Invalid, BSIC read but is not correct (It is not equal to one of the expected BSIC on that frequency)

It is further assumed that the following controlling options for BSIC confirmation exist:

· UTRAN may require BSIC confirmation as a prerequisite for event triggering on GSM measurements.

· The UE should be able to read the BSIC information on a frequency and report the obtained BSIC to UTRAN.

· The UE shall be able to indicate the status of BSIC confirmation in the measurement reports.

· The UE shall be able to omit reporting measurements on GSM frequencys which BSIC status is unconfirmed or invalid.

In a typical case it is assumed that the UE confirms the BSIC when a measurement on a GSM cell is started.

If the UE sends a measurement report before BSIC have been confirmed the UE indicate that the BSIC is unconfirmed in the measurement report but may still provide the network with RSSI information on the frequency. 

2.3 Proposed Inter-System measurement reporting events

The following events are proposed:

Event 3a: The estimated quality of the currently used UTRAN frequency is below a certain threshold and the estimated quality of the other system is above a certain threshold.

Event 3b: The estimated quality of other system  is below a certain threshold

Event 3c: The estimated quality of other system is above a certain threshold

Event 3d: Change of best cell in other system

Typical usage:

3a: Trigger of Inter-System handover 

3b: Indication that compressed mode should be turned off.

3c: Indication that compressed mode should be turned on.

3d: Indication that the list of measured cells of the other system may need updating.

2.4 Suggested requirements

This contribution is based on the following assumed requirements:

1. The Network shall have a possibility to use events that is suitable for controlling the start and stop of intersystem measurements.

2. The RSSI measurements on a GSM cell "GSM carrier RSSI" [3] shall use the same mapping and range as specified in GSM 5.08.

3. The cell evaluation before and after the handover shall be based on the same measured object and quantity in order to get a well defined and UE implementation independent hysteresis.

4. The UE should be able to take the estimated quality of the active set into account for  Inter-System measurement triggering.

5. The solution should harmonise with the solution for Inter-System handover from GSM to UTRAN.

6. The solution should harmonise with the solution for Idle mode Inter-System cell reselection.

7. The UE shall send Inter system measurement results with indication if the measured GSM cell (BSIC) has been confirmed or not.

8. The Network shall have the option to request a UE to measure and report received BSIC on a GSM frequency.

The following requirements is suggested to be further discussed:

1. It shall be possible to reconfigure the compressed mode while measurements dependent on compressed mode is ongoing. 

2. If the conditions for measurements are not fulfilled (e.g. compressed mode is turned off) this should be indicated in measurement reports.

2.5 Example of typical sequence for UTRAN to GSM handover

The following typical sequence is anticipated for performing handover from a UTRAN cell using Cell_DCH state to a GSM cell using GSM dedicated mode.

1. The UE have been ordered to perform intra frequency measurements and are using event 1A, 1B, 1C for updating the active set. The UE have also been ordered to an Inter-Frequency event 2x to allow for the Network to get information that the quality estimate for currently used UTRAN frequency have become worse than a predefined absolute threshold Q_search_for_GSM. 

2. Event 2x is reported from the UE indicating that the currently used UTRAN frequency is worse than an absolute threshold Q_search_for_GSM.

3. The UE is ordered by a physical channel reconfiguration message to start using compressed mode to allow for intersystem measurements.

4. The Network orders the UE to perform Inter system measurements and to send a measurement report when the event 3a is triggered. Event 3a is defined to be "the estimated quality for the active set on the currently used UTRAN frequency is below Q_search_for_GSM and the best the GSM cell have a GSM carrier RSSI above a threshold Q_accept_GSM".

5. The UE sends a measurement report indicating that event 3a is triggered. Included in this report is also optionally some other measured information e.g. BSIC confirmation status, “GSM carrier RSSI”, "Observed time difference to GSM cell"

6. The Network initiates a Inter-System handover.

7. If the Inter-System handover is successfully performed the resources in UTRAN are released and the connection is continued using the GSM cell.

In order for the handover decisions to harmonize between GSM and UTRAN the following solution is assumed for the handover from the GSM cell to the UTRAN cell(s).

1. The UE is camping on a GSM cell.

2. The UE receives the GSM neigbouring cells to measure according to the current GSM specification.

3. The UE reports the measured GSM cells periodically.

4. If the network detects that the quality on the current serving GSM cell (the best GSM) goes below an operator defined threshold Q_search_for_UTRAN the UE is ordered by a measurement control message to start measure on UTRAN cells and report event 3y or to do periodic reporting of measurements on UTRAN cells. Event 3y is defined to be "the estimated quality for currently used GSM cell is below Q_search_for_UTRAN and the quality estimate for a UTRAN frequency is above Q_accept_UTRAN". The measurement on UTRAN cells may also be triggered by the fact that the UE is connected to a GSM cell that is operator defined to have UTRAN neighbours.

5. The UE sends a measurement report indicating that event 3y is triggered or is using periodical reporting.

6. The GSM Network initiates a Inter-System handover.

Note: The hysteresis protection for going back from GSM to UTRAN is at least Q_accept_GSM - Q_search_for_UTRAN and that both thresholds is expressed as GSM RXLEV values measured on the same GSM cell. The only difference is that measurement samples are typically obtained more often while camping on the GSM cell. In a similar way the hysteresis protection for going back from UTRAN to GSM is Q_accept_UTRAN - Q_search_for_GSM and that both thresholds is expressed as UTRAN quality estimates e.g. Ec/No measured on the same UTRAN cell('s). The only difference is that measurement samples are obtained more often while camping on the UTRAN system. 

This property of the suggested threshold definitions is assumed to enable the hysteresis protection to be consistent and stable for different UE implementations that allow the operator to use a relatively small hysteresis. Small hysteresis reduces the required coverage overlap between the systems. Small required coverage overlaps between UTRAN and GSM enhance the ability to get as large UTRAN coverage as possible without an increased risk for call drops due to failed Inter-System handovers.

The reduced hysteresis requirements also allow the GSM system to be offloaded by the UTRAN system in a larger area as compared to the case when large hysteresis is needed.

In figure 1 below the threshold setting for coverage limited case where the GSM system does not completely overlap the coverage of the UTRAN system is shown.

In figure 2 below the threshold setting for a case where the GSM system completely covers the UTRAN system is shown.
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Figure 1 Inter-System thresholds (coverage limited case)
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Figure 1 Inter-System thresholds (GSM cells covering UTRAN cells completely)

3 Conclusion and proposal

A CR for the proposed text changes to TS 25.331[1] is attached in the end of the contribution.
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10.2.7.15 Inter-system measurement quantity
The quantity the UE shall measure in case of inter-system measurement. It also includes the filtering of the measurements.

Information Element/Group name
Presence
Range
IE type and reference
Semantics description

CHOICE mode





   FDD





      Measurement quantity for
      UTRAN quality estimate
M

Enumerated
(CPICH Ec/N0, CPICH RSCP)


   TDD





      Measurement quantity for

      UTRAN quality estimate
M

Enumerated
(Primary CCPCH Ec/N0, Primary CCPCH RSCP)


CHOICE system





   GSM





      Measurement quantity
M

Enumerated(GSM Carrier RSSI, Pathloss)


      BSIC verification required
M

Boolean


























CHOICE system
Condition under which the given system  is chosen

GSM
Used when the system being measured is a GSM system

10.2.7.22 Inter-system reporting quantity
Information Element/Group name
Presence
Range
IE type and reference
Semantics description

UTRAN estimated quality
M

Boolean


CHOICE system





   GSM





      Pathloss
M

Boolean


      Time difference to GSM cell
M

Boolean


      GSM Carrier RSSI
M

Boolean


      BSIC
M

Boolean


CHOICE system
Condition under which the given system  is chosen

GSM
Used when the system being measured is a GSM system

10.2.7.27 Inter-system measurement reporting criteria 

The triggering of the event-triggered reporting for an inter-system measurements. All events concerning inter-system measurements are labeled 3x where x is a,b,c..

Event 3a: The estimated quality of the currently used UTRAN frequency is below a certain threshold and the estimated quality of the other system is above a certain threshold.

Event 3b: The estimated quality of other system  is below a certain threshold

Event 3c: The estimated quality of other system is above a certain threshold

Event 3d: Change of best cell in other system
Information Element/Group name
Presence
Range
IE type and reference
Semantics description

Parameters required for each event

0 to <maxEventcount>



   Event ID
M

Enumerated (3a, 3b, 3c, 3d)


   Treshold own system
C – clause 0




   W
C – clause 0


In event 3a,3b, 3c, 3d

  Threshold other system
C – clause 1




   Hysteresis
M


In event 3a, 3b, 3c, 3d

   Time to trigger
M


Indicates the period of time between the timing of event detection and the timing of sending Measurement Report.

   Amount of reporting
M




   Reporting interval
M


Indicates the interval of periodical reporting when such reporting is triggered by an event.  A zero value indicates that event triggered periodical  reporting shall not be applied.  

Condition
Explanation

Clause 0
This parameter is only sent in event 3a

Clause 1
This parameter is only sent in event 3a, 3b and 3c

10.2.7.34 Inter-system measurement event results 
This IE contains the measurement event results that are reported to UTRAN for inter-system measurements.


Information Element/Group name
Presence
Range
IE type and reference
Semantics description

Event ID
M




CHOICE system





   GSM





   Frequency
M




   BSIC
M




Condition
Explanation

GSM
This information element is only sent when the system being measured is a GSM system
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