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1. Introduction
In RAN4#46bis discussion took place around the minimum monitoring capabilities for an LTE device, both regarding the number of cells per carrier, and the number of carriers which could be monitored. In the LTE RRM adhoc,[1] the following was agreed 

· Assumption is that UE is able to measure at least [4] cells per carrier. However, it will also be studied whether [4-6] cells per carrier could be supported
· Assumption is that the UE is able to support measurements of at least up to [3] inter-frequency carriers
The purpose of this document is to consider these issues further, and to verify the assumptions made in the 2nd RRM adhoc.
2. Number of inter-frequency cells per carrier

This analysis is mainly for cell identification and measurements in the LTE_RRC_CONNECTED state, where side conditions for cell identification have been discussed previously by RAN4 at least for the intra-frquency case. We believe that the minimum number of cells per carrier which need to be measured is partly determined by the minimum side conditions in which cell identification requirements are able to be met. Assuming a minimum requirement of SCH Îor/(Îinterfering cells+Ioc)  > [- 6] for cell identification, the maximum number of cells which can be guaranteed to be detected on a frequency layer is given by


[image: image1.wmf]6

)

1

(

1

10

log

10

-

³

-

N


This assumes that there are N cells of equal power (the best case to be able to detect a large number of cells). When detecting one of the cells, then the other (N-1) cells on the same frequency layer can be considered as interfererers, and the linear wanted cell power to interference is 1/(N-1). This equation can only be just satisfied if (N-1)<= 4, so at very most 5 cells will be detectable by a searcher which meets a minimum performance requirement at SCH Îor/(Îinterfering cells+Ioc) . Indeed this scenario depends on having 5 cells at exactly equal power at the UE, which cannot be considered as a very normal scenario, and in other cases the stronger cells will provide more interference to the weaker cells, making the weaker ones undetectable (unless the searcher exceeds the minimum performance requirement). In typical scenarios 4 or fewer cells will normally be detectable.
It seems unlikely that inter-frrequency cell identification could have a lower SCH Îor/(Îinterfering cells+Ioc) than the intrafrequency case. On this basis, we do not believe there is much benefit from setting a minimum performance requirement to be able to monitor more cells than can be detected. So we propose that the number of cells per carrier which can be monitored is   no more than 4, regardless of the number of frequency layers that are configured.
Note that this requirement should not be interpreted to mean that once the UE has detected the maximum number of cells, it should cease search activities for new cells. The radio environment is always changing dynamically and it could very well be that one of the cells currently being measured no longer satisfies the delectability criteria and at the same time a new cell becomes detectable. This should ensure that the best candidate cells are always the ones being monitored.
3. Number of intra-frequency cells

Similarly to section 2, based on SCH Îor/(Îinterfering cells+Ioc) considerations, it should be clear that at very most 5 cells are detectable on the intrafrequency carrier also. Thus we propose that similar monitoring restrictions would be applicable also for intrafrequency measurements. Currently in 36.133 section 8.1.2.2.1.1, Xbasic measurement FDD =  [8] (cells). We would propose that this is revised to Xbasic measurement FDD =  [5] cells.
4. Number of LTE carrier frequencies which can be simultaneously monitored

Again, the analysis is provided mainly for LTE_RRC_Connected state. In UTRA up to two interfrequency carriers (as well as the intrafrequency layer) can be simultaneously monitored. In [1], it was requested to study a greater capability for E-UTRAN, for example 3 or 4 interfrequency carriers (in addition to the serving cell). One main reason for this request was the increased number of bands which are being defined in 3GPP specifications. It was suggested that a reduction in the number of cells which can be monitored per carrier would compensate to an extent for the increase in complexity due to increased number of carrier frequencies.

Considering the effort that is required to search for unidentified cells is usually much more significant than the monitoring of known cells, it should be clear that the tradeoff  in complexity is not a 1:1 relationship – by means of an example, the effort required to monitor up to two cells on two carrier frequencies is considerably more than the effort required to measure up 4 cells on one carrier frequency.  The reason is that cell search will need to be periodically performed on both carriers for this example case, and as previously noted cell search is typically the more expensive operation in terms of complexity compared with the monitoring of known cells.
However, likely 3GPP performance requirements in 36.133 compensate for this additional effort to an extent (assuming a similar structure to UTRA measurement requirements). At least in 25.133 interfrequency cell identification times are scaled by NFreq: (Number of FDD frequencies indicated in the inter frequency measurement control information).Measurement periods may also be scaled by NFreq for UEs needing compressed mode, if insufficient compressed mode gaps are available within 480ms.
As the UE may be expected have longer time available to perform interfrequency cell identification and measurement when there are more carriers configured, then the main UE complexities are to memory usage and event evaluation where a larger number of layers can be configured. Additionally, overall UE performance can be expected to be reduced as more carriers are configured, unless the measurement gap spacing is also reduced (by the network configuration) to compensate. In this case, user throughput is instead traded off.

Given that there are possible disadvantages to either the user experience or the overall  mobility performance, and UE complexity is somewhat increased by having a larger number of frequencies being simultaneously monitored, our view is that this aspect should be increased with care, as was also noted in discussions in RAN4#46bis and reflected in the adhoc minutes [1].
Nevertheless, we also agree with NTT DoCoMo’s analysis that as more spectrum and bands have become available since UTRA specifications were first developed, and there is a need for  additional flexibility and a somewhat greater capability in LTE than in UTRA.
Considering both the benefits of increased capability, and the more negative aspects, we support the existing assumption from Shenzhen that 3 interfrequency carriers can be supported in LTE
5. Conclusions

In this contribution, we presented some further justification for the assumptions already made on maximum number of cells per carrier and maximum number of interfrequency carriers which can be simultaneously configured in the LTE neighbour list. Based on this discussion we make the following proposal.
The minimum number of interfrequency neighbour carrier frequencies which the UE is required to support in LTE is proposed to be 3 (in addition to the intrafrequency layer). On each carrier frequency including the intrafrequency carrier, the UE is required to be capable of monitoring at least 4 cells, regardless of the overall number of carriers which is configured in the neighbour list.
We also noted that similar analysis is applicable to the intrafrequency case. Based on this analysis we propose: Xbasic measurement FDD =  [5] (cells)
We also believe that for both LTE_Idle and LTE_RRC_Connected states it is important that RAN4 develops interfrequency RRM requirements are scaled by eg. Kcarriers similarly to UTRA requirements in 25.133 to avoid increases in power consumption if there are 2 or 3 carriers present in the neighbour list.
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