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1 Introduction

This contribution describes and discusses inter-frequency measurements and measurement reporting criteria. The contribution also proposes text supporting the Inter-Frequency reporting to be included in TS 25.331 [1]. The contribution also proposes an estimate of quality for a UTRAN frequency to be used for triggering Inter-Frequency handover. 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 description is assuming FDD mode of operation but may also be applicable for TDD mode of operation. 

2 Discussion

2.1 Estimated quality for used and non-used UTRAN frequency

In order to trigger change of UTRAN frequency the quality of a UTRAN frequency need to be estimated. The concept of using "virtual active set" for other UTRAN frequencys than the currently used, see TSGR2#7(99)a91[4] was accepted as a working assumption at TSG WG2 meeting #7 and is used in this contribution.

The following formula for estimating the quality of the active set on the used frequency and the quality of the "virtual" active set(s) on non used frequency(s) is proposed.

Note also that the proposed quality estimate for a frequency is based on the same formula as for calculating the reporting range used in Intra-Frequency reporting events.
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The variables in the formula are defined as follows:

Qfrequency  j is the estimated quality of the active set on frequency j
Mfrequency  j is the estimated quality of the active set on frequency j. 

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

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

Wj is a parameter with the value range 1-0 sent from UTRAN to UE and used for frequency j

Wj =0 only the measurement results from the best cell on frequency j is used 

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

The value range for Wj is for further study.

It is proposed that the following two measurements taken from TS 25.215 [2] should be possible to use in this formula.

· If Mi j equals CPICH RSCP expressed in milli-watt then Qfrequency  j is the estimated quality in dBm

· If Mi j equals CPICH Ec/No expressed as a ratio then Qfrequency  j is the estimated quality in dB

2.2 Proposed Inter-Frequency measurement reporting events

The following Inter-Frequency events are considered to be appropriate for supporting the inter-frequency comparison and triggering. 

Event 2a: Change of best frequency.

Event 2b: The estimated quality of the currently used frequency is below a certain threshold and the estimated quality of a non-used frequency is above a certain threshold. 

Event 2c: The estimated quality of a non-used frequency is above a certain threshold

Event 2d: The estimated quality of the currently used frequency is below a certain threshold

Event 2e: The estimated quality of a non-used frequency is below a certain threshold 

Typical usage:

2a: Trigger of inter-frequency handover or used as indication that the list of measured cells may need updating.

2b: Trigger of inter-frequency handover

2c: Trigger of inter-frequency handover or an indication that compressed mode should be turned off.

2d: Indication that compressed mode should be turned off.

2.3 Scrambling code detection

It is proposed that the following UE option is discussed.

Should it be possible for the network to order a UE to search for the x strongest path(s) on a frequency and report the detected scrambling code and the RSCP for those paths.

2.4 Inter-Frequency handover use case

The following sequence is anticipated as a typical example for performing handover from one UTRAN frequency to another.

1. The UE have been ordered to perform intra frequency measurements and are using event 1A, 1B, 1C for updating the active set. 

2. The UE have also been ordered to use an Inter-Frequency event 2c 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_another_frequency.

3. Event 2c is reported from the UE indicating that the currently used UTRAN frequency is worse than an absolute threshold Q_search_for_another_frequency.

4. The UE is ordered by a physical channel reconfiguration message that it should start using compressed mode to allow for inter-frequency measurements.

5. The Network orders the UE to perform Inter-frequency measurements and to send a measurement report when the event 2b is triggered. Event 2b is defined to be "the estimated quality for currently used UTRAN frequency is below Q_search_for_another_frequency and the estimated quality for a non used UTRAN frequency is above a threshold Q_accept_another_frequency.

6. The UE sends a measurement report indicating that event 2b is triggered.

7. The Network initiates an Inter-frequency handover.

8. If the Inter-frequency handover is successfully performed the resources in UTRAN are released and the connection is continued using the new UTRAN frequency.

Note: The hysteresis protection for going back from the selected frequency is at least Q_accept_another_frequency - Q_search_for_another_frequency. Both thresholds are compared against measurements on the same cell(s). The only difference is that measurement samples are typically obtained more often for comparison against Q_search_for_another_frequency. 

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 frequencys. 

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

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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10.2.7.14 Inter-frequency measurement quantity (FFS)
The quantity the UE shall measure in case of inter-frequency 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
M

Enumerated(CPICH Ec/N0, CPICH RSCP, CPICH SIR, Pathloss, UTRA Carrier RSSI)
Pathloss=Primary CPICH Tx power-CPICH RSCP



      Measurement quantity for

      frequency quality estimate
M

Enumerated

(CPICH Ec/N0, CPICH RSCP)


   TDD





      Measurement quantity
M

Enumerated(Primary CCPCH Ec/N0, Primary CCPCH SIR, Primary CCPCH RSCP, Pathloss, UTRA carrier RSSI)
Pathloss=Primary CCPCH Tx power-Primary CCPCH RSCP

      Measurement quantity for

      frequency quality estimate
M

Enumerated

(Primary CCPCH Ec/N0, Primary CCPCH RSCP)
































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

CFN-SFN observed time difference
M

Boolean


SFN-SFN observed time difference
M

Boolean


Cell Identity
M

Boolean


UTRA Carrier RSSI
M

Boolean


Frequency quality estimate
O




CHOICE mode





   FDD





      CPICH Ec/N0
M

Boolean


      CPICH RSCP
M

Boolean


      Pathloss
M

Boolean


   TDD





      Primary CCPCH RSCP
M

Boolean


      Primary CCPCH Ec/N0
M

Boolean


10.2.7.26 Inter-frequency measurement reporting criteria 













The triggering of the event-triggered reporting for an inter-frequency measurements. All events concerning inter-frequency measurements are labeled 2x where x is a,b,c..
Event 2a: Change of best frequency.

Event 2b: The estimated quality of the currently used frequency is below a certain threshold and the estimated quality of a non used frequency is above a certain threshold. 

Event 2c: The estimated quality of a non-used frequency is above a certain threshold

Event 2d: The estimated quality of the currently used frequency is below a certain threshold

Event 2e: The estimated quality of a non-used frequency is below a certain threshold 
Information Element/Group name
Presence
Range
IE type and reference
Semantics description

Parameters required for each event

0 to <maxEventcount>



   Event ID
M

Enumerated (2a, 2b, 2c, 2d, 2e)


   Treshold used frequency
C – clause 0




   W used frequency
C – clause 0




Parameters required for each non-used frequency

0 to <maxNonusedfrequency>



   Threshold non used frequency
C – clause 1




   W non-used frequency
C-clause 1




   Hysteresis
M


In event 2a, 2b, 2c, 2d, 2e

   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 2a,2b, 2d

Clause 1
This parameter is only sent in event 2a, 2b, 2c, 2e

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


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

Event ID
M




Frequency info





Choice mode





  FDD





   Primary CPICH info
O




 TDD





  Primary CCPCH info
O
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