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Introduction
In R4-135585 operators indicated the minimum number of carriers a UE should be able to monitor based on current and future demands. The vendors presented some first analysis on possible ways forward to extend the minimum number of carriers a UE can monitor in R4-135202 and R4-135448. A WF was agreed in R4-135600 and one open question to the operators was to indicate if the same minimum number of carriers is needed for idle and connected mode. This input discusses the question on minimum number of carriers a UE shall be able to monitor in idle and/or connected mode.
Open questions
Increasing the minimum number of carriers a UE shall be able to monitor opens many questions:
1. For UTRA and/or E-UTRA?
2. For intra-frequency (more cells), inter-frequency (more carriers) or even inter-RAT?
3. Minimum number of carriers and cells?
4. From which release (RAN4 or RAN2/RAN1 issue) and overall timeframe (TEI11/WI)?

5. For Macro and/or small cells?

6. For idle and/or active mode?
7. How will legacy terminals react if the minimum number is increased?

Question (1) and (4) were already answered in R4-135585 indicating that (European operators mainly):

1. Increasing the min number for both UTRA and E-UTRA UEs is required
2. The main interest is in increasing it for inter-frequencies
3. For UTRA FDD: 2 ( 5 inter-band carriers with total 8 (11 layers to monitor and 
for E-UTRA FDD 3 ( 8 inter-band carriers with total layers to monitor 8 ( 13. 
Idle and/or active mode

In order to answer question (4) to (6) we discuss the following two cases assuming 5 bands in each cell:
Case A: Macro cells only scenario:
· Idle mode: In 3G increasing the minimum number would allow in idle mode the UEs to camp/select more equally on all of the 5 bands (No/different priority for the bands with ranking). For LTE with only ranking for RSRP that would not help fully (see e.g. R2-121211, R2-124591). At indoor locations the UEs experience often different RSRP and RSRQ levels for different frequencies. Setting different neighbour information for each band is possible but does not give the same flexibility to the UEs. This also avoids unnecessary complex macro settings and neighbour relation planning.
In idle mode the UE has more time for cell-reselection compared to connected mode and extending the search time (up to some max time) should be not as critical as for connected mode.

· In connected mode we would not expect the same thresholds for finding a better inter-frequency cell as for  intra-frequency handover, e.g. at cell borders. Inter-frequency handover should be minimised in order to avoid possible dropped calls due to larger hand-over delays compared to intra-frequency handover. Different bands in the same cell can have different coverage levels, e.g. low-high bands, and therefore inter-frequency hand-over can’t be avoided.

For CA (up to 5 CCs) the UE should be able to aggregate any of the secondary carrier (band) in the cell.
For load based handover the UE can be distributed better between different carriers directly if increasing the minimum number of inter-frequencies a UE can monitor.
Short handover time is crucial in connected mode and to extend UE search time as may be acceptable in idle mode is no option. As intra-frequency should have higher priority in a network we would not expect that a UE has to search that often for other carriers. Increasing the minimum number of carriers would similar as for idle mode relax complex frequency planning in the network.
Case B: Macro – small scenario with 4 (macro) + 1 (small cell) bands deployed:
· Idle mode: If a UE in idle moves from the macro coverage to the small cell we would expect that it can reselect to the small-cell directly from any of the macro carriers. 
It will be of high importance that the UEs can/will camp on the small-cells when having good enough RSRP and RSRQ levels. But it should be sufficient to consider mainly/only UEs with slow speed as the coverage area is small and most probably mainly indoor.
· For connected mode the UE shall be able to hand-over to the small cell or even to allow for CA (macro + small cell) when having sufficient RSRP and RSRQ levels from the small-cell. 
As we can expect many small-cells in the future which operate at a separate frequencies to the macro network the UE will most probably often have to search for such small cells. 
From the above arguments for idle and connected mode considering macro cell and macro-small cell scenarios we can conclude the following table regarding the need for increasing the minimum number of inter-frequencies a UE shall monitor for idle and connected mode:

	
	Idle mode
	Connected mode

	Macro only case
	Medium importance
	High importance

	Macro + small cell case
	Very high importance
	Very high importance


For small-cell scenarios (LTE) we note that there is also discussion in RAN1 for physical layer small-cell enhancements, see R1-135517. This should help to relax power consumption and/or search time when increasing the minimum number of carriers. As this will require a new WI in RAN1 and will take more time we suggest RAN4 to continue to define new minimum number of inter-frequencies a UE can monitor but considering current RAN2 signalling limitations, UE power limitations and maximum acceptable delay time. RAN4 shall define for Rel-11 and Rel-12 new minimum number of carriers a UE can monitor considering the above arguments.
Summary

We propose the following in order to progress the work in RAN4 on increasing the minimum number of carriers a UE shall be able to monitor:
1. Increasing the min number for both UTRA and E-UTRA UEs
2. Increasing it for inter-frequencies

3. For UTRA FDD: 2 ( 5 inter-band carriers with total 8 (11 layers to monitor and 

for E-UTRA FDD 3 ( 6 inter-band carriers with total layers to monitor 8 ( 11.

4. For UTRA from Rel-11 and E-UTRA from Rel-12

5. Considering the need for macro cells and for small-cells

We note that increasing the minimum number of cells a UE shall monitor will also help the small-cells deployment. But will be most probably not sufficient in the long run as there are limitations in the current specifications to do this in an efficient way for a larger number of carriers with respect to UE power consumption and possible delays in the search.

New RAN1 enhancements will be needed in order to monitor such cells more efficiently. 
6. The min number of carriers for idle mode and connected mode shall be increased.

RAN4 may consider to have different implementations for idle and connected mode. For idle mode higher delay may be acceptable but for connected mode it is not. For connected mode different prioritisation could be used for the extended minimum number of carriers in order to keep low UE power consumption and do not increase delay for higher priority carriers.
7. It has to be defined how legacy terminals will react if the minimum number of carriers a UE can monitor is increased.
