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Enhancements to the UTRAN FDD neighbor cell reporting

1 introduction

In TSG GERAN #21 it was agreed to improve the intersystem cell reselection rules to have a feasible cell change decision in all multi-RAT-scenarios.

In [1], [2] it was proposed to improve additionally the neighbor cell reporting for the UTRAN FDD cells by including the both CPICH RSCP and CPICH Ec/No measures to the report. Anyhow those documents didn’t provide any examples of the use scenarios in which the current Measurement Report or Enhanced Measurement Report is not sufficient.  

This document describes two scenarios in which some improvement would be necessary for the UTRAN FDD neighbor cell reporting. Additionally an alternative solution to the one changing the content of the current measurement reports is described and the impacts of the both solutions to the terminal and network are presented.

2 UTRAN FDD neighbor cell reporting 

For the UTRAN FDD neighbor cell reporting shall apply following according to the current 3GPP specifications: 

The network indicates to the terminal, whether the Measurement Report or Enhanced Measurement Report shall be used for the reporting of the neighbor cell measurement results. Only one of the UTRAN FDD measures can be included to the report. The network indicates whether CPICH RSCP or CPICH Ec/No is the reported measure. The terminal will receive this information in System Information 2ter Rest Octets, in System Information 2quarter Rest Octets or in Measurement Information message. The latest value shall always apply.

To the Measurement Report the strongest UTRAN FDD neighbor cells are included according the value of XXX_MULTIRAT_REPORTING. The strongest cells are ranked and reported either with the measured CPICH RSCP or CPICH Ec/No values. 

For the Enhanced Measurement Report the XXX_MULTIRAT_REPORTING and XXX_REPORTING_THRESHOLD are used when defining the content of the message. The procedure for Enhanced Measurement Reporting is defined in section 8.4.8 of [3]

3 problem scenarios

There may be some conditions in which the measurement results for CPICH RSCP describing the uplink signal strength or for CPICH Ec/No describing the downlink quality are not sufficient for a successful handover. Two scenarios with some potential erroneous intersystem handover decisions are described now.

3.1 Scenario 1: UTRAN FDD cell conditions: good coverage, high load

Measurement results: CPICH RSCP = high; CPICH Ec/No = low

Following conditions shall apply, before the UTRAN FDD neighbor is reported: 

1) The rule for Qsearch_C applies with the measured signal level of the serving GSM cell to trigger for 3G cell search

2) The Network has requested to report with 

a) CPICH RSCP : The measured RSCP ( XXX_REPORTING_THRESHOLD 

or

b) CPICH Ec/No: The measured Ec/No ( XXX_REPORTING_THRESHOLD

(The XXX_REPORTING_THRESHOLD is applicable only to EMR, to the Measurement Report the best UTRAN neighbors are included even with very poor measurement results)

3) The number of best valid cells defined with XXX_MULTIRAT_REPORTING is not exceeded.

Outcome: 

a) CPICH RSCP used to report the UTRAN FDD neighbors
Based on the received Measurement Report or Enhanced Measurement Report the BSS will recognize, that the RSCP value of the UTRAN FDD neighbor is high ( potential handover candidate, so the intersystem handover may trigger, if the criteria of the handover algorithms are fulfilled. The terminal may end to a UTRAN cell with high load (poor downlink quality). Could be considered as an erroneous handover decision.
b) CPICH Ec/No used to report the UTRAN FDD neighbors
In case the condition 2 is not fulfilled, the UTRAN neighbor is not included to the Enhanced Measurement Report. The threshold value allows defining a minimum level of reported Ec/No, the handover algorithm may use tighter criteria. No incorrect handover decision.

3.2 Scenario 2: UTRAN FDD cell conditions: poor coverage, low load

Measurement results: CPICH RSCP = low; CPICH Ec/No = high

Following conditions shall apply, before the UTRAN FDD neighbor is reported: 

1) The rule for Qsearch_C applies with the measured signal level of the serving GSM cell to trigger for 3G-cell search.

2) The Network has requested to report with 

a) CPICH RSCP : The measured RSCP ( XXX_REPORTING_THRESHOLD 

or

b) CPICH Ec/No: The measured Ec/No ( XXX_REPORTING_THRESHOLD

(The XXX_REPORTING_THRESHOLD is applicable only to EMR, to the Measurement Report the best UTRAN neighbors are included even with very poor measurement results)

3) The number of best valid cells defined with XXX_MULTIRAT_REPORTING is not exceeded.

Outcome:

a) Network has requested to report the UTRAN FDD neighbors with CPICH RSCP 

In case the condition 2 is not fulfilled, the UTRAN neighbor is not included to the Enhanced Measurement Report. The threshold value allows defining a minimum level of reported RSCP; the handover algorithm may use tighter criteria. No incorrect handover decision. 

b) Network has requested to report the UTRAN FDD neighbors with CPICH Ec/No

Based on the received Measurement Report or Enhanced Measurement Report the BSS will recognize, that the Ec/No value of the UTRAN FDD neighbor is high ( potential handover candidate, so the intersystem handover may trigger, if the criteria of the handover algorithms are fulfilled. The terminal may end to a UTRAN cell with low signal level. Could be considered as an erroneous handover decision.
Conclusions: There exists at least one scenario for both UTRAN FDD reporting parameters, which may lead to an erroneous intersystem handover decision.

4 solution options

There are following options to improve the current procedures.

4.1 Solution option 1: 

The network may indicate to the terminal for that UTRAN FDD measure, which shall not be used for reporting, a threshold value similar to the current XXX_REPORTING_THRESHOLD. This new threshold value is used in Measurement Report, Enhanced Measurement Report, Packet Measurement Report and in Packet Enhanced Measurement Report as an additional criterion for the UTRAN neighbors, when the UTRAN neighbors are ranked for the measurement reporting.

The network indicates in System Information 2quarter, in PSI 3quarter and PSI5; and during Circuit Switched connection in Measurement Information message and during Packet Switched connection in Packet Measurement Order and in Packet Cell Change Order the measure, which shall be reported in the measurement reports (CPICH Ec/No or CPICH RSCP) and a threshold parameter, which shall define a threshold value for the other measure of UTRAN neighbors, e.g. network could indicate, that CPICH Ec/No shall be reported and a new threshold value for the measured CPICH RSCP.

While reporting with Measurement Report or Packet Measurement Report the terminal shall include to the report only UTRAN FDD neighbors, which have the value of the measured, but not reported, parameter above the indicated threshold. 

The terminal shall while creating the Enhanced Measurement Report or Packet Enhanced Measurement Report use the priority rules defined in [3] section 8.4.8.1 and additionally check that any UTRAN neighbor, which would be included to EMR/PEMR based on these criteria, shall have the value of the measured, but not reported, parameter above the indicated threshold, before that UTRAN neighbor is included to the Enhanced Measurement Report/ Packet Enhanced Measurement Report.

4.2 Solution option 2:

The proposal presented in [1], [2] and [4] has been to report the UTRAN FDD neighbors with both measures CPICH RSCP and CPICH Ec/No but with lower accuracy than today (3 bits instead of 6 bits for each measure). 
5 Impacts to the specifications and to the implementation

5.1 Impacts of solution option 1:

The new parameter defining the additional threshold for reporting is included as shown in [5] and [6] to the messages: System Information 2quarter, Measurement Information and PSI 3quarter and PSI5. 

The creation of the content of the Measurement Report, Enhanced Measurement Report, Packet Measurement Report and Packet Enhanced Measurement Report is changed in the terminal so that the additional threshold criteria is checked while defining the UTRAN FDD neighbors for the report.

From network point of view the coding of Measurement Report, Enhanced Measurement Report or Packet Measurement Report, packet Enhances Measurement Report is not changed. The intersystem handover algorithm may be used as today. The operator may define with help of the system suitable thresholds to avoid measurement results from the unsuitable UTRAN FDD neighbors. The threshold value can be defined for each call type separately if needed and the call specific value can be indicated towards the terminal with Measurement Information message.

5.2 Impacts of solution option 2:

In [1], [2] the proposal has been to modify the content of the Measurement Report and Enhanced Measurement Report so that the 6 bits indicating the reported value of reported UTRAN measure (Ec/No or RSCP) is modified to indicate both UTRAN measures (Ec/No and RSCP). This would require, that additionally the terminal will indicate, which coding is used for the reporting and the terminal shall indicate as well the capability to report both parameters before the network can request to use the combined reporting. In Measurement Report-message the indication, that the bits used for reporting the UTRAN measurements contain both UTRAN FDD measures, would use the last free bit of the Measurement Report.

For the terminal this approach would require a new coding for the existing message. New rules for ranking the measured UTRAN FDD neighbors for the measurement report would be necessary as currently the UTRAN neighbors are ranked only based on the reported parameter. At least a threshold criterion similar to the proposed in solution 1 would be necessary.

For the network this would require new interpretation of the Measurement Report and Enhanced Measurement Report messages. Additionally to use the gain of combined reporting, the intersystem handover algorithm should be modified. 

Like presented in [4] a second approach for solution 2 could be to introduce a new Enhanced Measurement Report 2. 

This would increase the number of mandatory measurement report types for the terminal at least by two (EMR2 and Packet EMR2), depending on whether the EMR2/PEMR2 would be used only for combined reporting or allowing also single measure reporting, in which case there would be four new additional reporting possibilities to be supported. 

For the network the impacts would be quite similar to the impacts of the case that the content of current EMR/PEMR messages would be changed: new parameters to the downlink messages, new interpretation of the received messages, new processing of the reported measurement results, new intersystem handover algorithms. 

5.3 Support of R99 terminals

For R99 terminal the support of Measurement Report and Enhanced Measurement Report and corresponding messages in case of packet-switched connection are mandatory. These terminals are already in the field and cannot be updated. With the solution 2 the R99 terminals are limited to report only with Measurement Report, in case the network would support only the combined reporting with Enhanced Measurement Report or the Enhanced Measurement Report 2. With the solution 1 the R99 terminals would work as today, but additionally the other benefits of EMR (e.g. quality measures for the serving cell, possibility to report more than 6 strongest neighbors) could be used with R99 terminals, which would not be possible with solution 2, in case the network is not supporting single parameter reporting for UTRAN FDD cells with Enhanced Measurement Report. 

6 conclusions

The current UTRAN FDD neighbor cell reporting can be suboptimal in some special use cases. Introducing an additional threshold value for the second, not reported, UTRAN FDD parameter will solve the problem in the scenarios described in section 3 in this paper. Additionally the proposed threshold-criteria can be defined for each call separately with Measurement Information message and with corresponding messages during a packet-switched connection and therefore it allows defining different threshold levels based on the used service (e.g. video telephony or requested QoS).

Introducing a combined reporting as proposed in [1], [2] and [4] is considered as a complex solution compared to the achieved gain against the threshold-based solution, as the combined reporting would require remarkable modifications in downlink and uplink messages and to the existing intersystem handover algorithms. 
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