
3GPP TSG-RAN WG2 Meeting #66
Tdoc R2-092887
San Francisco, USA, 4-8 May, 2009
Agenda Item:
10.4
Source: 
Infineon Technologies
Title:
Improvements to measurement reporting
Document for:
Discussion
1 Introduction

In UTRA FDD mode for mobility management reasons, the UE has to constantly measure the Active Set (AS) cells, as well as neighboring cells not belonging to the AS. The measurements include the received signal code power (RSCP) of the primary common pilot channel (P-CPICH) and the CPICH chip signal-to-noise ratio (Ec/No). The UE is configured by UTRAN which measurements to perform (e.g. intra-frequency measurements, inter-frequency measurements, inter-RAT measurements) and the associated measurement reporting events with which the corresponding measurement reports are triggered if the criteria for the events are fulfilled (such as Time-to-trigger TTT, Quality estimate Q, Reporting range constants R, Thresholds T). A couple of reporting events have been defined in [1], e.g.:
· Intra-frequency reporting event 1A: A primary CPICH enters the reporting range;
· Intra-frequency reporting event 1B: A primary CPICH leaves the reporting range;
· Intra-frequency reporting event 1C: A non-active primary CPICH becomes better than an active primary CPICH;
· Inter-frequency reporting event 2D: The estimated quality of the currently used frequency is below a certain threshold;
· Inter-frequency reporting event 2F: The estimated quality of the currently used frequency is above a certain threshold.
Basically, the AS should contain only the strongest cells, i.e. the cells with the best signal quality. The AS update (ASU) is controlled by UTRAN, i.e. UTRAN controls which cell to add, replace or delete in the AS, and relies on measurements provided by UE. For instance, the events 1A/B/C are used to control the AS. With 1A a new cell is indicated that can be added to the AS, 1B indicates that a cell can be removed from the AS, and 1C indicates that a cell of the AS can be replaced. The events 2D/F are used to control compressed mode (CM). With 2D it is indicated that performance of the UE using the current frequency is no longer quite good and there may be some other frequencies that would suit the UE better. As response to a measurement report corresponding to event 2D UTRAN may activate CM. Further, the event 1F indicates that the performance of the UE using the current frequency is quite good, so that CM can be deactivated. In summary, the current mechanisms for measurement reporting as specified in [1] requires the UE to send measurement reports whenever the triggering criteria for the corresponding events are met. In any case the measurement reports from UE are only advisory to UTRAN. 
The mandated UE behaviour for sending measurement reports adequately work in today’s live networks in many cases. Nonetheless, in certain scenarios we have observed in live networks some inefficiencies of current UE behaviour. As a result, outdated measurement reports were being processed by UTRAN for ASU, and led to suboptimal handling of AS cells, i.e. weak cells were added to AS due to outdated measurement reports. As consequence, ongoing calls were interrupted and dropped resp., what is not acceptable in terms of user experience and system performance.
In view of the inefficiencies observed we think that there would be room for improvements of the current UE behaviour for sending measurement reports. Therefore, we describe in this contribution the problematic scenarios in where we have observed the inefficiencies and address possible solutions to cope with these inefficiencies.
2 Discussion
In the following we describe two problematic scenarios where we have observed in live networks the inefficiencies of current specified UE behaviour for sending measurement reports.
2.1 Problematic scenarios

Scenario 1: RRC reconfigurations
In multi-call (i.e. mixed voice/data) scenarios RRC reconfigurations occur frequently, e.g. in order to reconfigure the physical channel, transport channel or radio bearer configuration according to the traffic load. The reconfiguration must be performed by the UE at the activation time (either default value “Now” or definite CFN value) of the received message. While UE waits for the activation time to expire changing radio conditions might lead to the need of sending measurement reports to UTRAN. In live networks we have observed that UTRAN does not respond to those measurement reports until the expiration of the activation time and the UE confirmation of the reconfiguration. As it can take up to 2,5 seconds until the activation time expires the information contained in the measurement reports sent while reconfiguration was ongoing might not be valid anymore at the point of time UTRAN is processing the received measurement reports. Further, we observed an additional average latency of 0,5-1 seconds which comprises the processing delay in UTRAN for initiating/preparing the reconfiguration and the transfer delay of the reconfiguration message to the UE. UTRAN also does not respond to measurement reports received during this time period. Overall, this network behaviour around RRC configuration leads to suboptimal handling of cells in AS and may result in dropping or interrupting the ongoing call.
Figure 1 illustrates an example for scenario 1 around RRC reconfigurations. As the triggering criteria for the intra-frequency event 1A was met UE sent corresponding measurement reports for cell A and cell B, indicating that the cells could be added to the AS by UTRAN. But UTRAN did not respond to/act on these measurement reports until receiving the reconfiguration complete message by UE, i.e. the measurement reports were processed in sequence as received. As the signal quality of cell A decreased after having sent the reconfiguration complete message by UE the weak cell A was added to the AS.
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Figure 1: Measurement reporting during RRC reconfiguration
Scenario 2: Compressed mode activation
The following behaviour of live networks has been observed: When the UE sent a measurement report according to  inter-frequency event 2D, the UTRAN transmitted a physical channel reconfiguration message for activating CM. Same as in scenario 1 UTRAN did not respond to/act on measurement reports (according to intra-frequency event 1A/B/C) sent by UE until the corresponding reconfiguration complete message was received from UE. Once CM activation was confirmed, the UTRAN processed the received measurement reports in sequence. Also this network behaviour led to a suboptimal handling of cells in AS as described in scenario 1 above.

2.2 Proposed solutions 

The reasons for the inefficiencies observed in live networks arise from the fact that 
· the UE is mandated to send measurement reports whenever the triggering criteria for the corresponding events are met irrespective of any ongoing reconfigurations;

· in UTRAN the measurement reports received from UE are processed in sequence.
In order to cope with these inefficiencies in the future and to assist UTRAN in processing the received measurement reports from UE point of view we identified following possible solutions:
1. Unspecified UE behaviour: UE behaviour in terms of measurement reporting will be declared as unspecified around RRC reconfiguration, i.e. although the triggering criteria for the corresponding measurement reporting events are met, it will be left to UE implementation whether to send a measurement report or not.
2. Attach measurement reports in RRC configuration complete messages: When a reconfiguration procedure is ongoing and the UE waits for the activation time to expire, the UE shall not send any measurement reports, but it shall keep these reports in a list. When the activation time has expired and the reconfiguration complete message needs to be sent to UTRAN, UE shall verify all those reports in the list and only send those reports, for which the triggering criteria for the reporting events are still fulfilled. This solution would ensure that only latest reports will be sent to and processed by UTRAN reflecting the current channel quality situation in the cells.
· Referring to the example illustrated in Figure 1 the UE would not send any measurement reports for event 1A during the ongoing reconfiguration procedure, but would keep the information for following evaluations. After the activation time expired at which the new configuration is applied the UE re-evaluates the measurement results. As the signal quality of cell A decreased and the reporting criteria is not met again, the UE will not send the measurement report for this cell A. But as the signal quality of cell B is still very good and meets the reporting criteria for event 1A the UE attaches the measurement report for cell B in the reconfiguration complete message and sends it to UTRAN. 
3. Attach measurement replacement indication in measurement report: By sending a measurement report with an indication to replace a previously sent measurement report of same event, the UTRAN would be able to process all received measurement report of same event in a proper way, once it is processing them again. It would be in a position to delete outdated measurement reports, so that any reconfiguration messages from UTRAN follows the latest measurement reports sent by the UE. For instance, as replacement indication the measurement identity of the outdated measurement report along with the event type could be signalled in the measurement report by the UE to UTRAN.
We think that all above solutions for sending measurement reports by UE would improve the system performance and user experience in the future. Particularly, solution 2 and 3 would make UTRAN aware of outdated measurement results and would ensure that only the latest measurement reports would be processed by UTRAN. We propose to discuss the solutions as described and would be interested in the opinion of other companies on the feasibility of the proposed solutions.
3 Summary
In this contribution we have addressed the observed inefficiencies in live networks regarding current specified UE behaviour for sending measurement reports which result in suboptimal handling of AS cells in UTRAN. Further, possible solutions have been addressed to cope with these inefficiencies. We propose to discuss the solutions as described and would be interested in the opinion of other companies on the feasibility of the proposed solutions.
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