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1 Introduction
RAN4 has discussed potential increase of the maximum number of carriers a UE should be able to monitor for UTRA and for E-UTRA. In [1] RAN4 agreed a way forward for investigating the issue further with an aim to make a decision in the RAN4#69 meeting in San Francisco. In this contribution we analyse different implications that this potential increase of number of carriers that the UE needs to monitor would have. The document also proposes a way forward.
2 Discussion
Both E-UTRA and UTRA specifications TS36.133 and TS25.133 respectively define how many different carriers for intra-frequency, inter-frequency and inter-RAT neighbor cell searches and level measurements the UE has to be able to monitor. As an example, for the E-UTRA idle mode neighbor cell monitoring the following is defined in TS36.133;
For idle mode cell re-selection purposes, the UE shall be capable of monitoring at least:

-
Intra-frequency carrier, and
-
Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 3 FDD UTRA carriers, and

-
Depending on UE capability, 3 TDD UTRA carriers, and

-
Depending on UE capability, 32 GSM carriers, and

-
Depending on UE capability, 3 cdma2000 1x carriers, and

-
Depending on UE capability, 3 HRPD carriers.

In [2] a group of operators proposed noticeable increase for the number of intra- and inter-RAT carriers that the UE needs to monitor. This operator request is very understandable as there are much more RATs and frequency layers deployed nowadays than when these minimum requirements were defined. However, it is also important to carefully understand what would be all the consequences from a potential increase of the number of carriers to be monitored. 
How many intra- and inter-RAT carriers the UE needs to monitor sets UE memory requirements, impacts UE power consumption especially in idle mode and during DRX operations in connected mode. Also neighbour cell identification and level measurement performance will be impacted. This means that potential increase in the number of carriers to be be monitored does not come for free. While the increase in UE memory requirements and power consumption during DRX operators mainly impact UE itself, neighbour cell identification and level measurement (e.g. RSRP and RSRQ measurements) performance impacts influence the whole system. 
If for instance the number of FDD inter-frequency carriers is increased from the current 3 FDD inter-frequency carriers, the UE inter-frequency cell identification time requirement without DRX, will be directly increased as Nfreq (the number of  E-UTRA carriers being monitored ) is multiplier in the following requirement formula of TS36.133:
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where 

TBasic_Identify_Inter = 480 ms and e.g. in case of the gap pattern #0 Tinter1 = 60 ms.
The increase of inter-frequency cell identification times are likely to impact handover delays negatively especially in radio environments where fast inter-frequency handovers and short cell identification times would be required. 
Also inter-frequency measurement period would be increased if the number of carriers to be monitored is increased as shown by the following Table 8.1.2.3.1.1-1 of TS36.133 for E-UTRA:
	Configuration
	Physical Layer Measurement period: TMeasurement_Period _Inter_FDD [ms]
	Measurement bandwidth [RB]

	0
	480 x  Nfreq
	6

	1 (Note)
	240 x  Nfreq
	50

	Note: This configuration is optional


Similar to the requirements without DRX also requirements with DRX operations would need to be adjusted if the number of carriers to be monitored is increased.
Naturally, alternative approach would be to tighten all the UE neighour cell identification and level measurement requirements for different modes (FDD and TDD) and RATs. This, however, would be rather exhaustive excise and would require significant analyses especially for the idle mode and connected mode DRX requirements, which are not defined using simple equations, as UE implementation freedom is allowed for power consumptions optimizations etc. If RAN4 wishes to start tightening UTRA and E-UTRA UE inter-frequency and inter-RAT neighbor cell identification and level measurement requirements for increasing the number of carriers to be monitored, a separate work item would need to be defined. Such work would require consireable amount of time reservation in RAN4 meetings and time would be taken off from some other topics like small cells enhancements, which has only just started on UE RRM requirements area.
Considering the amount of studies and time required for tightening cell identification and measurement requirements and it is not clear that significant time reductions can be achieved, we see that only realistic approach for increasing the number of carriers to be monitored is by allowing longer cell identification and measurement times for the UE. However, before increasing the number of carriers to be monitored we see that RAN4 should carefully consider the side effects such increase would create and whether there are ways to reduce these negative impacts. 
Below we have calculated some practical examples for the E-UTRA inter-frequency cell identification minimum requiremetns without DRX as function of number of E-UTRA inter-frequency carriers to be monitored. In the example we have used the same gap pattern #0 as in one of the E-UTRA inter-frequency test cases of TS36.133. 

1) In test case “A.8.3.1 E-UTRAN FDD-FDD Inter-frequency event triggered reporting under fading propagation conditions in asynchronous cells” the inter-frequency cell identification test time requirement is 3840 ms when only 1 inter-frequency carrier is indicated to the UE.
2)  In a similar scenario as in the test case A.8.3.1 but with 2 inter-frequency carriers to be monitored the inter-frequency cell identification time requirement would become 2*3840 ms = 7680 ms 

3) Further, in a similar scenario as in the test case A.8.3.1 but with 5 inter-frequency carriers to be monitored the inter-frequency cell identification time requirement would become 5*3840 ms = 19200 ms
These examples indicate how noticeably the UE inter-frequency cell identification minimum requirements get impacted in case the network would indicate 5 inter-frequency carriers to the UE to monitor. Due to this noticeable increase in the requirements, we would propose that RAN4 would also investigate whether there are ways of avoiding this significant increase in inter-frequency cell identification and measurement time requirements, but at the same time address the operator concern. 

Proposal: RAN4 would also investigate whether there are ways of avoiding this significant increase in inter-frequency cell identification and measurement time requirements, but at the same time address the operator concern.

I.e. recognising that the number of used carriers/bands per operator is increasing and the current specification is adding limitations and constraints in operator’s network planning [2] – can RAN4 find a solution which does fulfil the operator’s needs without the significant increase in cell detection and measurement delays. 
3 Conclusions 
In this contribution, we have analysed implications of increasing the number of carriers that the UE needs to monitor. We have shown with help of examples how e.g. E-UTRA cell identification and measurement times increase when the number of E-UTRA inter-frequency carriers to be monitored increase. These examples indicate how noticeably the minimum requirements get impacted in case the network would indicate larger number of inter-frequency carriers like 5 inter-frequency carriers proposed in [2]. 

Based on the analyses we propose that RAN4 carefully considers the negative impcalitions that this potential increase of number of carriers to be monitored would create. We also propose that RAN4 would investigate whether there are ways of avoiding this significant increase in inter-frequency cell identification and measurement time requirements but at the same time address the operator concern that the number of used carriers/bands per operator is increasing and this limitation puts constraints in operator’s network planning [2]. 
Proposal: RAN4 would also investigate whether there are ways of avoiding this significant increase in inter-frequency cell identification and measurement time requirements, but at the same time address the operator concern.

However, considering the amount of studies and time required for tightening cell identification and measurement requirements, and that it is not clear that significant time reductions can be achieved, we see that the only realistic approach – within a shorter time frame - if increasing the number of carriers to be monitored, would be to allow longer cell identification and measurement time requirements s for the UE. 
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