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1.  Introduction
“Rapid traffic growth” has been a long-standing cliché but will still be valid for some time. The introduction of new spectrum is an essential way to compete with the traffic growth. This paper is to discuss possible shortage in frequency/cell related objects in RAN2 which might impact the introduction.
In RAN4, the shortage of monitoring capabilities in UE has been discussed such as [1], [2] and this paper is partly relevant to the discussion. At the time of writing, this paper is planned to submit to RAN2 (R2-133852) and RAN4-RRM for discussion.

2.  An Example of Spectrum Usage
As a popular example and some similarity with Japan, a possible spectrum portfolio in EU operator is shown in table below.
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Note : * indicates a band to be migrated from UTRA to E-UTRA. GSM is not considered.
Table.1  Example of EU spectrum portfolio

While the numbers above indicate the minimum numbers required, there are cases more than two objects are necessary per band: UMTS may use more than 2 objects when 5MHz base indication is likely or more than 20MHz or non-continuous allocation in LTE may need plural objects in a band.
Please note that, for a band under migration from UMTS to LTE, 2 objects per band may be needed since the migration is likely to be progressed guadually and step by step, i.e., firstly 5MHz then 10MHz BW. For this case, 5MHz BW and 10MHz BW could coexist around a cell at least for some time and two objects are required to indicate the center frequencies of both. The asterisk indicates the case.

3.  RAN2 Limits
In RRC signaling, frequency information is used for (1) cell (re)selection information in RRC_idle UEs and (2) measurement for handover/Carrier Aggregation in RRC_connected and these two will follow different policies. In addition, there might be difference among intra-freq, inter-freq and inter-RAT.
Information of cell is only required in RRC_connected (i.e. (2)) to instruct UMTS cells to be measured/evaluated regardless of which RAT the UE resides. 
3.1   Objects observed in RRC_idle

For RRC_idle, normally almost all available bands (except SDL or dedicated secondary carriers for carrier aggregation) would be set in SIB for instructing cells to be evaluated for reselection. 
Based on the table above, for UMTS, 3 bands are to be observed and if 5MHz based setting is adopted, the max number would be around 10 (typically B1 = 4, B3 = 4, B8 = 2 carriers). Considering UMTS-SIB19 (for priority-based reselection), max UMTS frequencies are 8 excluding the serving frequency. So there might be cases some operators feel the need to expand but would not be so serious as long as it is sufficient up to now due to expected migrations toward LTE. For a UE camped on in an LTE cell, it looks sufficient current LTE-SIB6 can support up to 16 objects. Thus,
[Observation 1] : For UMTS objects in RRC_idle, no serious shortage would be expected based on EU portfolio.
For LTE objects, both UMTS-SIB19 and LTE-SIB5 can support up to 8 objects as the sum of FDD and TDD frequencies. As shown in the table 1, it would relatively be easy to surpass the limit, depending on migration scenario or spectrum deployment such as non-contiguous allocation. In addition, LTE will be used for our prime RAT for coming years then further band/spectrum allocations will be quite likely. Therefore, 
[Observation 2] : For LTE objects in RRC_idle, current RAN2 limit of 8 will soon be too small.
3.2   Objects observed in RRC_connected
For RRC_connected, the objects are needed for indicating measurement target freqs/cells for handover or carrier aggregation. Almost all the freqs/cells owned by an operator can be candidates for “measurement objects” but actual setting would largely depend on operator’s policy on handover or CA. 

In UMTS, it can support up to 32 UMTS Inter-frequency objects (combination of frequency and cell-ID) and 8 LTE objects (Frequency only) in addition to 32 cells in the serving frequency. In LTE, maximum 32 objects (Frequency) can be supported regardless of RAT and each frequency object (measObjectUTRA) can support up to 32 cell-IDs in it when the target is UMTS.. 
As noted in 3.1, maximum 8 of LTE frequencies would be too small but there might be a question on whether all the possible LTE frequencies should be set for Inter-RAT handover for UE in UMTS. It seems that we can get along the current limit of 8 objects.
In LTE, it can support 32 objects in total. Following RRC_idle numbers for UMTS inter-freq, even if 16 objects are spent for UMTS, it is still possible to deliver 16 frequency objects to LTE. Considering practical numbers in 3.1 and future reduction of UMTS objects, it looks OK not to revisit maximum objects related to RRC_connected. Thus, in general,
[Observation 3] : For RRC_Connected, no shortage against RAN2 upper bound is foreseen.
3.3   Necessary Expansion in RAN2
As discussed in 3.1 and 3.2, the concern is the number of possible LTE (Frequency) objects in RRC_idle. Since the expansion as such is a painstaking choice to lose backward compatibility, such occasion should be minimized and future proof. And if we agree the necessity of the change, it is better to modify earlier to mitigate backward compatibility risk.

[Observation 4] : If the necessity of such change is agreeable, it is better to change earlier to reduce backward compatibility risk.

Considering table.1 (max number including [n] = 11) and further possible spectrum allocation, 16 objects are proposed tentatively but bigger might be better for reducing risks in the future. These numbers can be aligned with the maximum number of objects in RRC_connected (32), taking other RATs’ decreasing into consideration. The necessity of expansion of LTE objects in UMTS may be better left for discussion.
[Proposal 1] : LTE objects in RRC_idle should be expanded to [16] or bigger for future proof.
[Proposal 2] : Extension of LTE objects in UMTS needs further discussion.
4.  RAN4 Issue
Some of RAN4 RRM requirements (25/36.133) are set below the relevant RAN2 limits. One example is that, while up to 8 LTE frequencies can be broadcasted in LTE-SIB5 (Inter-Freq info.), LTE UE has to monitor 3 FDD and 3 TDD frequency objects as minimum. We think that it is not healthy situation since:
1) From NW operation side, it is expected all the broadcasted frequencies are subject to Cell_Reselection (otherwise we don’t have to put the frequency in SIBx.),

2) On the other hand, UE does not have to monitor all the broadcasted frequencies due to RAN4 requirements,

3) In the long run, there would be possibility of unexpected UE behavior such as UEs do not camp on one of the target frequencies indicated in SIBx even if the other conditions are met.
Currently, operators are asked on possible maximum numbers for UE requirements (and we are ready to discuss if it is necessary), based on the problem statement above however, it is likely to align RAN2 and RAN4-RRM limits to minimize unexpected outcome in principle. 
[Proposal 3] : To minimize unexpected behaviors of UE, it is proposed to align RAN2 and RAN4 limits in priciple.
The alignment proposed above would give some penalty in UE performance. Concerning RAN4 performance requirements, the short term solution is to expand required duration proportional to the number of objects to be tested. 
5.  Conclusion
This paper discusses the maximum number of Frequency/Cell related objects used in RAN2-RRC and RAN4-RRM and points out LTE frequency object would run short soon in RAN2 context. In addition, it is also proposed for RAN4 that RAN2 and RAN4 limits should be aligned to minimize confusion/ambiguity in NW operation.
The paper uses EU UMTS/LTE spectrum portfolio as an example then other RATs (cdma2000 or GERAN) or situation in other regions are not considered. Thus further inputs covering these aspects, including different views from the regions/area subject to the paper, are expected to finalize the direction ASAP.
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