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1. Introduction

In the current specification MULTIBAND_REPORTING parameter has been introduced in order to mandate the MS to monitor non-serving cells on different bands. But there are some issues regarding the MS behavior when more than 2 bands are supported and available in the radio environment (multi-layers/multi-bands network).

Indeed, since the Enhanced Measurement procedure was introduced, a new parameter SERVING_BAND_REPORTING has been created in order to give highest priority to the measurement result related to the serving band. BUT It is unclear, if this parameter is also used to select cells  to be monitored when the MS is not capable to monitor the number of cells that should be monitored  according to the MULTIBAND_REPORTING and SERVING_BAND_REPORTING values. 

For example, if MULTIBAND_REPORTING and SERVING_BAND_REPORTING are set to 3 and the MS supports 3 bands, it is unclear if the MS shall monitor at least 9 non-serving cells or if the MS is still allowed to monitor only 6 non-serving cells.


If it is assumed that the MS is allowed to monitor less cells than required by the SERVING_BAND_REPORTING and MULTIBAND_REPORTING parameters how the MS selects the cells to be monitored? Shall the MS select the cells to be monitored according to their signal strength, SERVING_BAND_REPORTING and MULTIBAND_REPORTING parameters or only to the signal strength.

Clarification is then needed to state the role of SERVING_BAND_REPORTING and MULTIBAND_REPORTING parameters to select cells to monitor in case of a multilayer/multiband network.


Furthermore, it is also unclear if the parameters related to the measurement reporting above shall be used to select cells for autonomous reselection.

2. Current requirements

[R 1]. In TS 45.008 V6.6.0 section 6.6.1, related to the cells monitoring during idle mode in a cell without PBCCH.

“ The MS shall attempt to check the BSIC for each of the 6 strongest non‑serving cell BCCH carriers at least every 30 seconds, to confirm that it is monitoring the same cell.

[R 2]. In TS 45.008 V6.6.0 section 7.2 , related to the cells monitoring during dedicated connection

“The MS shall attempt to demodulate the SCH on the BCCH carrier of as many surrounding cells as possible, and decode the BSIC as often as possible, and as a minimum at least once every 10 seconds. A multi-RAT MS is allowed to extend this period to 13 seconds, if the neighbour cell list contains cells from other RATs and if indicated by the parameter 3G_SEARCH_PRIO. The MS shall give priority for synchronisation attempts in signal strength order and considering the parameter MULTIBAND_REPORTING. ”

[R 3]. In TS 45.008 V6.6.0 section 8.4.8.1, related to the enhanced measurement report priority : 

“ The MS shall include the neighbour cell measurement results using the following priority order:

1) the number of strongest GSM cells with known and valid BSIC and with a reported value equal or greater than XXX_REPORTING_THRESHOLD, in the frequency band of the serving cell, according to the value of the parameter SERVING_BAND_REPORTING;”

[R 4]. In TS 45.008 V6.6.0 section 10.1.1.1, related to the cells monitoring during packet idle mode in a cell with PBCCH or when GPRS cell reselection is used.

“The MS shall attempt to check the BSIC for each of the 6 strongest non‑serving cell BCCH carriers at least every 14 consecutive paging blocks of that MS or 10 seconds, whichever is greater”

[R 5]. In TS 45.008 V6.6.0 section 10.1.1.1 related to multiband MS

“In the case of a multiband MS, the MS shall attempt to decode the BSIC, if any BCCH carrier with unknown BSIC is detected among the number of strongest BCCH carriers in each band as indicated by the parameter MULTIBAND_REPORTING (see subclause 8.4.3), broadcast on PBCCH, or if PBCCH does not exist, on BCCH.”

[R 6]. In TS 45.008 V6.6.0 section 8.4.3 related to the definition of MULTIBAND_REPORTING parameter value:

“ 11
The MS shall report the three strongest cells, with known and allowed NCC part of BSIC, in each of the frequency bands in the BA list, excluding the frequency band of the serving cell. The remaining positions in the measurement report shall be used for reporting of cells in the band of the serving cell. If there are still remaining positions, these shall be used to report the next strongest identified cells in the other bands irrespective of the band used.

”
[R 7]. 

3. Open issues

3.1. No Enhanced measurement result related to serving band is reported during dedicated mode

As stated in [R2 ], it seems that during the dedicated mode, the SERVING_BAND_REPORTING is not used to select the cells to monitor. This implies that if there are more than 2 bands in the radio environment then the MS may not send Measurement result on serving band if the MS is only able to monitor less than MULTIBAND_PARAMETER multiplied by the number of supported bands.

For example:

There are 12 cells in the environment (C1,C2,..,C12) on 3 bands (where C1 has the highest signal strength and C12 the lowest signal strength). C1 to C5 are belonging to band B1 which is also the serving band, C6 to C8 are on other band B2 and finally C9 to C12 on a third band B3. MULTIBAND_REPORTING is set to 3.

The MS is capable to monitor only 6 non serving cells. In that case, the MS will apply the MULTIBAND_REPORTING to select the cells belonging to the other bands. So, the cells C6 to C11 are selected. 


Conclusion
No measurement result on non-serving cells on the serving band will be reported to the network because only the cells on the other bands will be monitored. It contradicts the requirement [R3] which mandates the MS to report at first priority the measurement result on the serving band. 

Solutions :

In order to avoid such situation and to make the R2 and R3 consistent, following solutions could be applied:

First solution :

The MS uses the SERVING_BAND_REPORTING and MULTIBAND_REPORTING to select the cells to monitor. For that, the MS selects the first strongest cell of the first serving band (here C1) then the first strongest cell on the first other band (here C6) and the first strongest cell on the second other band (C9) and so on. If no other band is available then, the MS selects the second strongest cell of the first band (here C7) and second strongest cell of the second band (C10) and so on…according to the MS capability.

In that case, the MS will monitor the strongest cells of at most 6 different bands. But the MS may not be able to monitor the number of cells required by the SERVING_BAND_REPORTING and MULTIBAND_REPORTING parameters. In that case the requirement R6 is not fulfilled.


The main advantage of this solution is to not mandate the MS to monitor more than 6 non-serving cells but  allows the MS to monitor all bands.
 

Second solution :

The MS is mandated to monitor at least max value of MUTLIBAND_REPORTING=3 multiplied by the number of simultaneously supported bands (cf MS Radio Access Capability). In that case, the parameter SERVING_BAND_REPORTING is only used for measurement reporting but not to select the cells to monitor.

With the given example, the MS shall monitor 9 cells (C1 to C3, C6 to C8 and C9 to C11).
The main advantage of this solution is to always allow the MS to monitor and report measurements on all supported and available bands whatever the values of  MULTIBAND_REPORTING and SERVING_BAND_REPORTING parameters.


Third solution :

Restrict the number of bands that could be present in the BA list to 2. 
The main advantage of this solution is to not change at all the current specifications. Indeed, the MS is required to monitor at least 6 non-serving cells. So if only 2 bands are supported by the network then the MS is always capable to monitor 3 non-serving cells on each band.

3.2. Conflicting requirements in packet idle mode (in a cell with PBCCH)

The requirement [R4] mandates the MS to monitor the 6 strongest non-serving cells irrespective of their band but the [R5] asks also the MS to monitor MULTIBAND_REPORTING strongest cells for each supported band (and available). 


It is unclear how these rules should be used. Following interpretations could be seen : 

First interpretation:

The MS applies first R4 to select the strongest cells (according to their signal strength only). Then the MS applies the R5 on the selected cells for reporting:

So with the above example (see section 3.1) the MS will monitor the following cells : C1 to C5 (on band B1) and C6 (on band B2). 
Consequence : 
The MULTIBAND_REPORTING requirement defined in R6 is not fulfilled. Only one measurement results on the other band is reported (here C6) instead of 3.

Second interpretation:

A multiband MS applies only the requirement R5. 
So, the following cells will be monitored: C6 to C8 and C9 to C11.
Consequence : 
Cells on the serving band will not be monitored even if they are among the strongest cells. Furthermore, it is not consistent with the requirement R3 mandating the MS to report at the first priority the measurement result on the serving band.

Third interpretation:

The requirements R5 is considered as a complementary of R4. For that the MS selects firstly the 6 strongest cells irrespective of their bands. Then if the MS is able to monitor more than 6 cells and if the number of monitored cells from other bands is lower than required by MULTIBAND_REPORTING then select first the cells from other bands until the MULTIBAND_REPORTING parameters is fulfilled.
 
The drawback of this solution is that, if the strongest cells are belonging to other bands than the serving band then the MS may not monitor the cells on the serving bands.


Conclusion

In all cases the MS could not satisfy all requirements. It is noticed that the same problem would occur during transfer mode.

Solutions :

The solutions that are proposed for dedicated mode (see section 3.1) are suggested.

3.3. Conflict requirement in packet idle mode (in a Cell without PBCCH)

When PBCCH is not present and no GPRS cell reselection parameters have been received via PACKET MEASUREMENT ORDER or PACKET CELL CHANGE ORDER messages then, the MS will monitor the non serving cells according to the signal strength (the multiband parameters are not used at all) as stated in R1. 

So when NC enhanced measurement is ordered, then there is case where the MS would not send enhanced measurement result on cells on other bands if they are not among the 6 strongest cells.

With the example given in section 3.1, only the cells C1 to C5 and C6 will be monitored. So only few measurement result on the other band are reported. 

The requirement R6 related to the MULTIBAND_REPORTING is not fulfilled.

In order to avoid such situation, it is suggested to align the requirement with the one defined for a cell supporting PBCCH.

Conclusion

In order to avoid mis-interpretation that could lead interoperability problems, several solutions are proposed to clarify the MS behaviour in case where more than 2 bands are supported in the radio environment. Indeed, some MS may not monitor cells as it is expected by the network.

The GERAN community is then asked to state which solution should be applied.

It should be also clarified that the list of cells to be monitored for measurement are also used for autonomous cell reselection.
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