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1 Introduction
In RAN4#68 and RAN4#68bis, there have been discussions on increasing the number of UTRA and E-UTRA carriers which a UE can monitor. In this contribution we consider the scenario where UE is served by a UTRA cell, and it may make E-UTRA inter-frequency, and UTRA inter RAT measurements, The outcome of discussions in RAN4#68 bis was a way forward paper[2] which outlines the information expected in RAN4#69, and the decisions which are expected to be made.
	· Decide in San Francisco meeting on:
· Max number of carriers and cells per RAT needed in idle mode for UTRA and E-UTRA

· Extension to active mode

· Applicable Release

· If that work can be done  as TEI work or if a dedicated WI has to be started

· Agree timeline for  the remaining work

· Information expected for SF:
· Further analyzing on delay and/or increase of power consumption if the number of carriers and cells is increased 
· To sketch possible  ways to implement this in the specification: Scaling by number of carriers, increasing measurement activity, mixture of the two e.g. prioritization of certain carriers.   
· If needed for idle and/or connected mode


A good summary of operator interest is provided in [3]. From the document, it can be seen that the desired number of UTRA FDD carriers is in the range of 2-5, desired number of UE-UTRA FDD carriers is in the range of 4-8 and desired total number of carriers is in the range of 8-16. 

	 
	Summarizing of operator views

	RAT
	Number of carriers or frequency layers
	Number of cells or cells/layer

	UTRA intra-freq
	1
	32

	UTRA FDD inter-freq
	2|5|3or4|4
	32|80
	64
	

	UTRA TDD inter-freq
	3
	
	64
	64

	E-UTRA FDD inter-freq
	4|4|4|4|8
	4|4|8|4

	E-UTRA TDD inter-freq
	4
	4|4|8|4

	GSM
	1
	32

	Minimum total number of carriers / frequency layers to monitor including serving
	8|11|10|16
	-


	 
	Summarizing of operator views

	RAT
	Number of layers
	Number of cells/layers

	E-UTRA FDD/TDD intra-freq
	1
	8

	E-UTRA FDD inter-freq
	3|8|8|4|8
	4|4|4|8|4

	E-UTRA TDD inter-freq
	3|3|8|3|3
	4|4|4|8|4

	UTRA FDD
	3|3|3|4|4
	6|6|6|8|6

	UTRA TDD
	3
	6|6|6|8|6

	GSM
	1
	32

	CDMA 1x
	5
	-


2 Discussion
We begin by discussing the information that is expected to be provided in RAN4#69 according to the way forward 
Separate consideration needs to be made for cases where the UE is provided with explicit gaps for measurement in RRC connected state and cases where measurements are performed autonomously by the UE such as in RRC idle state.
Network provided gaps

When measurements are made in a network provided gap, the corresponding requirements for cell detection and measurement period are scaled by the number of carriers, Nfreq. This means that gaps are shared between the different interfrequency and interRAT measurement objects configured in the UE. Since the gaps available to the UE are a fixed resource (unless new gap patterns are defined), the overall density of gaps remains constant. The implications are
1) In non DRX, there is not expected to be a major impact to power consumption, since it is assumed that UEs already perform measurement activity in every gap, and all that would change is the usage of individual gaps
2) In non DRX, since cell identification and measurement needs to be performed and the gap density is unchanged, delays necessarily increase. The simplest assumption would be that delays increase linearly according to the Nfreq scaling factor, although the validity of this assumption may need to be checked if Nfreq becomes very large.
3) In certain DRX scenarios (eg LTE DRX with >40ms DRX cycle), relaxed requirements apply, even though gaps are configured. In this case RAN4 has slightly more freedom to trade off power consumption against minimum delay. However, the minimum delays in DRX cannot be shorter than the minimum delays in non DRX, and particular care needs to be taken not to make DRX inefficient from a power consumption perspective. So it would seem appropriate to use a similar approach for DRX requirements as for non-DRX requirements, while following existing  DRX relaxations with appropriate scaling for the additional number of carriers.
It is rather likely that scaling by a large number of carriers which share a gap pattern equally would cause problems in practice. Some numerical examples are provided later in the paper.

To mitigate this, RAN4 could consider introducing non equal gap sharing. Within the context of hetnet mobility, RAN4 has discussed introducing relaxed performance requirements, primarily motivated by UE power consumption issues. However, for a large number of carriers, it could also make sense to define a relaxed performance requirement on some layers, so that other layers can be measured with better performance.

UE autonomous measurements

In idle mode, there is more freedom for UE to schedule inter-frequency measurements as necessary. On the other hand, receiver power consumption issues also become much more critical, since device standby time is a very important factor in end user experience. First we consider two different measurement scheduling options for measurements of different carriers 
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Figure 1 : Measurement of one interfrequency carrier on every DRX cycle
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Figure 2 : Measurement of all interfrequency carriers on every DRX cycle

The figures are not drawn to scale but nevertheless are intended to illustrate a number of different points about how RAN4 assumes that UE implementations may sample RSCP, Ec/Io, RSRP and RSRQ to meet the reselection requirements. Figure 1 is closest to current specification assumptions, and shows that intrafrequency measurements of neighbour cells are made at around the same time as paging reception. On every Nth DRX cycle, one interfrequency neighbour frequency is meausured, corresponding to Tmeasure in 36.133. Typically N=1 for interfrequency measurements, but for the shorter DRX cycles, the UE may not even be required to perform an interfrequency measurement of one frequency on every DRX cycle. It should be noted that at least 2 measurement samples are required to be filtered, and a greater number of measurement samples is allowed to be filtered (for 1.28s DRX sample, Tevaluate=6.4s allows 4 samples to be used). In either case, multiple cycles of the pattern shown in figure 1 are necessary before the UE has acquired and filtered sufficient samples to trgger a reselection.

Figure 2 shows a more intensive pattern where all inter-frequency carriers are measured on every DRX cycle. Clearly this significantly reduces the possibilities for sleeping, especially considering that the practical implementations need to take into account possible other restrictions on measurement timing such as potential MBSFN subframes.
In 36.133 and LTE idle mode the approach depicted in figure 1 is assumed for both cell detection and measurement within each RAT. However, if multiple RATs are configured the approach for scheduling between different RATs is equivalent to figure 2, namely the measurements of one RAT do not affect the performance of the measurements of another RAT.
Considering how to extend the requirements, there are different options which could be adopted. The simplest would be just to extend the existing scaling of Tdetect, Tmeasure and Tevaluate. This corresponds to an assumption such as figure 1, which does not impact UE power consumption significantly, but leads to an increase in cell reselection delays for both newly detected cells, and cells which are already being monitored. The concern would be that ultimately reselections will become too slow, and especially higher speed UE will go out of service at the places where they should be performing interfrequency or interRAT reselection. Numerical examples are provided later in the contribution.
Increasing the UE measurement activity is also unattractive considering end user experience and the impact to standby time. Inter-frequency and interRAT cell detection and measurements form a significant part of the total idle mode power consumption when they are configured in LTE, so it is expected that this could have a big impact overall. Adopting a measurement scheduling such as shown in figure 2 would not really be justified, since this would represent a tightening of release 8 requirements for 3 carriers. 
Given that both approaches for idle mode have disadvantages, further studies are recommended. The approaches are not mutually exclusive so a hybrid approach where there is some increase in measurement activity and at the same time some increase in cell detection delay and evaluation period could be considered, as a good compromise to allow more layers to be monitored.
3 Worked examples

In this section we provide some examples for E-UTRA interfrequency measurements assuming that the scaling approach is extended to 8 interfrequency carriers. For the examples, we make the following assumptions

For connected state, MGRP : 40ms (corresponding to the measurement gap pattern with highest density) and no DRX is ongoing, UE measurement bandwidth configuration = configuration 0 (6RB measurement)
For idle state,  DRX cycle : 1.28s (typical value)

For both states: Nfreq : 8 (based on earlier operator input) and UE velocity : 100km/h (only used to related delay to distance travelled by UE)

RRC Connected state cell identification
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Distance travelled by 100km/h UE in cell identification time =853.3 metres


RRC Connected state cell measurement period

	TMeasurement_Period _Inter_FDD = 480 * Nfreq ms = 480*8 = 3480 ms

Distance travelled by 100km/h UE in measurement period = 96.7 metres


RRC Idle state cell identification
	Kcarrier * Tdetect,EUTRAN_Inter  = 8 * 32000 = 256,000 ms 

Distance travelled by 100km/h UE in cell identification time =7100 metres


RRC Idle state cell evaluation period

	Kcarrier * Tevaluate,E-UTRAN_Inter=8*6400=51,200 ms

Distance travelled by 100km/h UE in evaluation time =1422.2 metres


Considering typical cell sizes, this illustrates that especially in idle state there may be mobility issues arising from simply extending the existing scaling approach, if RAN4 considers increasing the minimum requirement for monitoring E-UTRA cells to 8, at least considering medium to high mobility UEs. 
4 Release approach for requirements

Finally, we consider some of the issues that need to be decided in San Francisco meeting

Applicable Release
Since RAN4 only defines minimum requirements, a release 8 UE would be allowed to measure more than the minimum number of carriers today, and RAN2 signalling also supports indication of a greater number of carriers than the RAN4 signalling. At any rate, we consider that any requirements can be added in the first open release, which is release 12. Depending on whether signalling changes are needed, the following approach could be considered for applicable release:
· If no signalling changes are necessary, RAN4 may define the requirements in release 12, but the requirements could be early implementable by pre-release 12 UEs. For instance, legacy networks can indicate more than 3 interfrequency carriers in idle mode, and UEs of any release meeting the additional requirements would already be able to reselect to the additional carriers. UE which support the release 8-11 minimum requirement could reselect to the first 3 frequencies in the neighbour list.

· If signalling changes are necessary, the requirements and signalling are defined in release 12.

If that work can be done  as TEI work or if a dedicated WI has to be started
The RAN4 chair has indicated that if the work is anticipated to take several meeting cycles, then a dedicated work item should be started. Our view is that although the scope of the work is not totally clear yet, even in the best case the work would take several meeting cycles since RAN4 needs to decide on the relevant approach for monitoring additional layers, as well as drafting and agreeing CRs for 25.133 and 36.133. For even the simplest envisaged change, there are multiple issues to discuss such as number of frequencies, UTRA interfrequency neighbour cell list size, UTRA idle cell detection requirement scalability, and so on which would typically take some time to agree. Therefore we recommend that following the RAN4 chair guidance a dedicated WI should be started.
Proposal : A dedicated work item is started to continue the work
Agree timeline for  the remaining work

Detailed planning is only possible once the scope of the work is better understood, ie whether only the number of carriers in idle mode or also for connected state. This should be discussed and clarified in the work item description, with the objective to agree any necessary WI in RAN#62.
5 Conclusions
In this contribution, we discuss further the way forward for the maximum number of carriers a UE can monitor for E-UTRA. We discuss the delay and/or increase of power consumption if the number of carriers and cells is increased separately for cases where there are network provided gaps and for UE autonomous measurements such as idle mode.
When there are network provided gaps, the gaps are a fixed resource used by the UE, and therefore, at least for non DRX  operation there should not be much impact to UE power consumption. Since there is a fixed gap density, delays are inevitably increased for cell identification and measurement period. We also discuss that for connected mode, if a large number of carriers are to be monitored, it may beneficial be to define a relaxed performance requirement on some layers, so that other layers can be measured with better performance. For the question of whether to consider connected state measurements it may be better to await operator feedback, but there may be a need to consider unequal gap sharing if the maximum number of layers is high
When the UE makes autonomous measurements, for example in idle mode, there is more freedom to specify different kinds of requirement. We discuss two different example measurement schedules corresponding to different options which could be adopted. The simplest would be just to extend the existing scaling of Tdetect, Tmeasure and Tevaluate. This does not impact UE power consumption significantly, but leads to an increase in cell reselection delays for both newly detected cells, and cells which are already being monitored.  The alternative approach, increasing the UE measurement activity is also unattractive considering end user experience and the impact to standby time. Inter-frequency cell detection and measurements form a significant part of the total idle mode power consumption when they are configured in LTE, so it is expected that this could have a big impact overall. 
Given that both approaches for idle mode have disadvantages, further studies are recommended. The approaches are not mutually exclusive, so a hybrid approach where there is some increase in measurement activity and at the same time some increase in cell detection delay and evaluation period could be considered, as a good compromise to allow more layers to be monitored.
Finally, we consider that release 12 is applicable for this work. If no signalling changes are necessary, early release implementation could be allowed. We believe that the work will take serveral RAN4 meeting cycles, and therefore a dedicated work item should be started in line with RAN4 guidance. Detailed discussion on the objectives and time plan for the work would be necessary before a work item description could be agreed in RAN#62.

Proposal : A dedicated work item is started to continue the work
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