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1 Introduction
In RAN4#70, progress was made on the work item for “Increasing the minimum number of carriers for UE monitoring in UTRA and E-UTRA”, the main outcomes being a liaison statement to RAN2 [1] with agreements relating  to the number of carriers to be monitored, and a RAN4 agreement on the way forward for requirements [2].
2 Discussion
In [2] it was agreed that for E-UTRA idle state , the option for the  requirements is option 3 or option 4, or option 3 and option 6 combined, or option 4 and option 6 combined shall be used to define the requirements
	Option 3 : Requirement is scaled according to a rule (eg non linear) based on the number of layers resulting in a trade-off between increased delay and increased power consumption

Option 4 :Different delay requirements (different measurement activity) for different frequency layers 

Option 6 : When Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ, only consider some  higher priority layers + all of lower priority candidates for reselection


Considering the choice between option 3 and option 4, the main difference is whether all layers are relaxed equally (option 3), or some layers are measured with lower intensity than others (option 4). One main consideration with option 3 is that reselection delays are already quite large when considering 3 interfrequency LTE carriers. Consider for example, 3 interfrequency layers with 1.28s DRX cycle. Tevaluate is already 3*6400ms = 19.2s, and a 100km/h UE can travel ~533.3m during the evaluation time. While RAN4 would still need to discuss the rule for option 3, suppose that for 8 LTE interfrequency carriers, increasing the scaling factor to 5 (rather than 8) would increase the evaluation time to 32s (888.8m for a 100km UE) while also increasing the UE power consumption for interfrequency measurements by 60%. Hence our view is that it may be difficult to find a suitable compromise which simultaneously addresses the issue of longer reselection delays while resulting in acceptable UE power consumption.
Proposal 1 : Do not use option 3, or option 3 and option 6 combined for idle requirements.
The motivation for using different delay requirements (different measurement activity) for different frequency layers comes from the understanding that some frequencies may be time critical from a reselection perspective, whereas others are less critical.  This could be understood as meaning that some frequency layer(s) are necessary to ensure that UEs remain in coverage, whereas other frequencies are provided to give additional capacity.  Hence it is reasonable to have a shorter delay requirement (and correspondingly increased measurement activity) on the layers which are necessary for coverage, and a correspondingly reduced measurement activity on the layers which are provide for capacity (so that the measurement activity can be targeted towards coverage layers). To avoid confusion with absolute priority reselection, we refer to “normal” and “reduced” measurement activity.
In this contribution, we seek to outline the further details that need to be decided for this approach and the methodology for specifying the RAN4 RRM requirements in RRC idle state. Essentially we see 3 issues which need to be resolved

1. How does the UE determine which layers to measure and perform cell search with reduced activity, and which layers to measure and search with normal activity? 
2. What should the RRM requirements be, especially for the reduced activity layers?

3. Does RAN4 select option 4, or option 4 and 6 combined (assuming proposal 1, and that option 3 is excluded)?

We now address these issues one by one

How does the UE determine which layers to measure with reduced activity, and which layers to measure with normal activity? 
There are two options which could be considered to specify the layers to be measured with reduced activity and the layers to be measured with normal activity – it may be implicitly defined in 3GPP specifications, or signalled. In either case it can be expected that some or even all legacy UE implementations do not measure the additional carriers considered by this work item. 
Unlike 25.133, in 36.133 it is not explicitly stated which measurement objects the legacy UE will ignore if the signalled neighbouring cell list (stored in VarMeasConfig) exceeds the capability of  the UE. Nevertheless, we expect a legacy UE implementation may measure the first frequencies in the neighbouring cell list. 
Considering that legacy UE may ignore the remaining frequencies then, to ensure the good operation of legacy UEs, it is natural to include coverage carriers in at least the first positions in the neighbour lists. Considering release 12 UEs which support search and measurement requirements on a greater number of carriers, it would also seem reasonable to prioritise the performance according to the position of frequencies in the neighbour list. For example, if we consider that a legacy E-UTRA FDD UE which is provided with 8 frequencies in the interfrequency FDD cell info list, it may ignore all but the first 3 frequencies, whereas a new UE should measure all 8. In this case, it would seem natural to indicate the cells which should be measured with normal measurement activity as the first frequencies in the neighbour list, and the cells which should be measured with reduced measurement activity in later positions in the neighbour list.
The number of frequencies to measure with normal activity and reduced activity in each neighbour (interfrequency and interRAT) could either be signalled or implicitly defined, for example in RAN4 specifications. Our preference for flexibility is that the split is signalled rather than implicitly defined.

Proposal 2 : The frequencies which are measured with normal or reduced measurement activity are determined by the UE based on procedure rules how to store and use the signalled frequencies by the network
Does RAN4 select option 4, or option 4 and 6 combined?

We begin by discussing some scenarios where reselection to higher priority can be considered. Some scenarios are shown below. Note that we are considering scenarios where interfrequency reselection is necessary in order to remain in coverage. This is implied by Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ, ie there is not continuous strong intra-frequency coverage.






Figure 1 : Hotspot scenario





Figure 2 : Offload scenario
In figure 1, a hotspot scenario is depicted. Even though the two macro cells are shown with the same colour, note that they are on different frequency f1 and f2, with the colour representing absolute priority setting rather than frequency. Interfrequency reselection is performed at the boundary between the macro cells and hotspots are deployed on f3. In this case, it may not be beneficial to search for hotspots (other than according to the 60s*Nlayers higher priority search) since the f1→f2 reselection would be delayed by the search on f3.
In figure 2, an offload scenario is depicted. The scenario is shown with non-collocated coverage of the offload layer (f3) for generality, but could also be considered when f1 and f2 are collocated.  Suppose a UE starts with serving frequency f1, and moves towards the boundary with f2. At this point it could also reselect to f3, so there could be a benefit to performing search and measurement on f3. On the other hand, if the UE reselected to f2, it would also remain in coverage, and f3 is likely to be found in a subsequent higher priority search. Therefore, there may be benefit for this scenario in not searching for f3, again to ensure good reselection performance from f1→f2.




Figure 3 : Partial Offload / Partial coverage scenario

Figure 3 depicts a modified offload scenario where there is only higher priority coverage at the boundary of frequency f1. For this scenario, clearly the UE should perform measurement of f3 when Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ. This may be a fairly unusual scenario, but nevertheless it could be supported by the performance requirements that RAN4 has defined in release 8.
Since there are different scenarios, and in some scenarios the search for higher priority cells is likely to delay the reselection to lower or equal priority cells (where it could be assumed that it is more likely that coverage will be found), we think there is significant benefit in not searching and measuring some of the higher priority layers, and only searching and measuring the equal/low priority layers when Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ. The legacy behaviour should not be modified, so it would still possible to search and measure some of the higher priority layers when Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ, and the partial offload/partial coverage scenario in figure 3 can still be supported. However, performing partial offload/partial coverage on a large number of higher priority layers does not seem a likely use case, especially as it may harm the reselection to lower or equal priority coverage layers.
The layers which are signalled to have relaxed performance requirements are assumed to be provided for capacity purposes, or at least not to be time critical for handover. Therefore when the UE needs to make a time critical reselection (i.e. Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ) it is beneficial to focus on frequencies where coverage is more likely to be found, rather than scaling the measurement rate and evaluation period according to the total number of higher priority, equal priority and lower priority layers. For this reason, we think it is highly beneficial to combine option 4 and option 6. The same signalling which is used to indicate which frequencies to measure with reduced measurement activity (for low/equal priority layers) can also be used to indicate the layers which do not need to be measured if they are high priority.
Proposal 3 : When Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ UE are not required to search or measure higher priority layers in the relaxed measurement set . Thus, when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ , the UE is only required to consider higher priority layers which are associated with normal measurement activity & all of lower and equal priority layers as candidates for reselection
What should the reselection requirements be, especially for the relaxed layers?

Similarly to the approach proposed for UTRA in [3] and [4], we propose to reuse the requirements for non-relaxed layers which are already scaled by the number of frequencies, Nfreq.  It seems reasonable to harmonise as much as possible the approach between UTRA and E-UTRA for increased carrier monitoring. The main difference between the approach proposed in this contribution and that proposed in [3] is that we propose that the split between normal and relaxed layers is signalled.
When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, UEs are currently required only to perform higher priority search every Thigher_priority_search=  (60 * Nlayers) seconds. We do not propose to change this requirement since all higher priority layers in this scenario are being used for capacity, or offload purpose, or to provide an enhanced service (eg E-UTRA) rather than being time critical for reselection from a radio perspective. Naturally, Nlayers may be higher with the introduction of the feature to monitor a greater total layers.
Proposal 4 : When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, UE are required to perform higher priority search every Thigher_priority_search=  (60 * Nlayers) seconds, on all higher priority frequency layers

When Srxlev < SnonIntraSearchP or Squal< SnonIntraSearchQ, our proposal is that for each frequency layer, the UE should check whether relaxed or normal requirements apply, and measure it at an appropriate rate. 
Proposal 5 : When SrxlevServingCell ≤ Sprioritysearch1 or SqualServingCell ≤Sprioritysearch2 UE are required to search and measure low and equal priority layers in the relaxed measurement set with relaxed performance compared to the normal measurement set.

As already discussed under proposal 3, signalling should indicate how may frequencies should be measured with normal measurement activity. The remainder (within the UE capabilities) are measured with reduced measurement activity. We define 
Nnorm,inter : Number of E-UTRA interfrequencies to be measured with normal performance
Nnorm,UTRA  : Number of UTRA interfrequencies to be measured with normal performance
Where Nnorm,x is signalled along with the corresponding neighbour list (interf, interRAT UTRA)

Considering earlier agreements on the number of carriers of each type to be measured, this means that the number of carriers measured with relaxed performance is
Kcarrier- Nnorm,inter : Number of interfrequency carriers measured with relaxed performance
NUTRA_carrier - Nnorm,UTRA  : Number of UTRA interfrequencies to be measured with relaxed performance
Based on proposal 4, our recommendation is that higher priority cells in the relaxed set are not measured when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ. Therefore, it is also useful to define the number of higher priority layers of each type (inter, interRAT E-UTRA) which are denoted as Nrelaxed,inter,HP Nrelaxed,UTRA,HP. Since proposal 3 is that these cells do not need to be measured, the final scaling factors for the relaxed measurement set are

Kcarrier- Nnorm,inter -Nrelaxed,inter,HP): Number of interfrequency carriers measured with relaxed performance
NUTRA_carrier - Nnorm,UTRA -Nrelaxed,UTRA,HP : Number of UTRA interfrequencies to be measured with relaxed performance
Nnorm,inter and Nnorm,E-UTRA should not be less than 3 (legacy capabilities for carrier monitoring). An example of neighbour frequency splitting is shown in figure 1.
[image: image1.emf]1 2 3 4 5 6 7 8

NCL f1 f2 f3 f4 f5 f6 f7 N/A

Priority H L H H L H L N/A

N

norm,inter 

=4


Figure 1 : E-UTRA Neighbour frequency splitting example

In this example, 7 E-UTRA neighbours are configured (out of the UE capability to support 8), some having lower priority than the serving cell, and some having higher priority. This could correspond to having, for example, some LTE 1.4MHz bandwidth carriers as a lower priority and some LTE 10MHz carriers as a higher priority. Anyway, the mixed priorities are chosen to illustrate the splitting of the frequency layers into different requirement sets. From the example, we can see that Kcarrier = 7.
Nnorm,E-UTRA is signalled as 4, so the first 4 frequencies f1,f2,f3 and f4 are in the normal measurement set, and measured according to existing procedures. f6 is only measured when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ according to proposal 4. f5 and f7 are measured with relaxed performance, so the number of frequencies to measure with relaxed performance when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ is 2.
For the frequencies in this relaxed measurement set, we propose a similar approach to [3] and [4], where the measurement rate and cell search requirements are scaled by a factor Sidle. [3] proposed Sidle=4, which for UTRA gave a moderate increase in idle mode current consumption for measurements (around 11% increase). Although the analysis was performed for UTRA, our view is that a common Sidle would be appropriate for UTRA and E-UTRA.
This is intended to provide a reasonable tradeoff between power consumption and reselection performance. 

For clarity, we provide the proposed requirements for reselection in in table 1:
	RRM requirement
	Normal requirement
	Relaxed requirement

	Thigher_priority_search
	(60 * Nlayers) seconds
	Not applicable

	Interfrequency Cell detection
	Nnorm,inter * Tdetect,EUTRAN_Inter  
	Kcarrier- Nnorm,inter - Nrelaxed,inter,HP) *Sidle * Tdetect,EUTRAN_Inter  

	Interfrequency Minimum measurement rate
	Nnorm,inter * Tmeasure,EUTRAN_Inter  
	(Kcarrier- Nnorm,inter - Nrelaxed,inter,HP) *Sidle * Tmeasure,EUTRAN_Inter  

	Interfrequency Evaluation period
	Nnorm,inter * Tevaluate,EUTRAN_Inter  
	(Kcarrier- Nnorm,inter - Nrelaxed,inter,HP) *Sidle * Tevaluate,EUTRAN_Inter  

	InterRAT E-UTRA Cell detection
	Nnorm,UTRA * Tdetect,UTRA_FDD
	 (NUTRA_carrier - Nnorm,UTRA - Nrelaxed,UTRA,HP) *Sidle * Tdetect,UTRA_FDD

	InterRAT E-UTRA minimum measurement rate
	Nnorm,UTRA * Tmeasure,UTRA_FDD
	 (NUTRA_carrier - Nnorm,UTRA - Nrelaxed,UTRA,HP) *Sidle * Tmeasure,UTRA_FDD

	InterRAT E-UTRA evaluation period
	Nnorm,UTRA * Tevaluate,UTRA_FDD 
	 (NUTRA_carrier - Nnorm,UTRA - Nrelaxed,UTRA,HP) *Sidle * Tevaluate,UTRA_FDD

	Note 1 : Nnorm,inter should not be signalled as less than 3, and Nnorm,E-UTRA should not be less than 3 (legacy capabilities for carrier monitoring).
Note 2 : Sidle =[4]


Table 1 : Summary of RRM requirements for normal and relaxed measurement performance
3 Conclusions 
In this contribution, we make  proposals for the measurement requirements of an increased number of carriers in UTRA idle mode. We make the following proposals

Proposal 1 : Do not use option 3, or option 3 and option 6 combined for idle requirements.

Proposal 2 : The frequencies which are measured with normal or reduced measurement activity are determined by the UE based on procedure rules how to store and use the signalled frequencies by the network
Proposal 3 : When Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ UE are not required to search or measure higher priority layers in the relaxed measurement set . Thus, when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ , the UE is only required to consider higher priority layers which are associated with normal measurement activity & all of lower and equal priority layers as candidates for reselection

Proposal 4 : When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, UE are required to perform higher priority search every Thigher_priority_search=  (60 * Nlayers) seconds, on all higher priority frequency layersProposal 5 : When SrxlevServingCell ≤ Sprioritysearch1 or SqualServingCell ≤Sprioritysearch2 UE are required to search and measure low and equal priority layers in the relaxed measurement set with relaxed performance compared to the normal measurement set.

Based on these proposals, the resulting RRM requirements are:

	RRM requirement
	Normal requirement
	Relaxed requirement

	Thigher_priority_search
	(60 * Nlayers) seconds
	Not applicable

	Interfrequency Cell detection
	Nnorm,inter * Tdetect,EUTRAN_Inter  
	Kcarrier- Nnorm,inter - Nrelaxed,inter,HP) *Sidle * Tdetect,EUTRAN_Inter  

	Interfrequency Minimum measurement rate
	Nnorm,inter * Tmeasure,EUTRAN_Inter  
	(Kcarrier- Nnorm,inter - Nrelaxed,inter,HP) *Sidle * Tmeasure,EUTRAN_Inter  

	Interfrequency Evaluation period
	Nnorm,inter * Tevaluate,EUTRAN_Inter  
	(Kcarrier- Nnorm,inter - Nrelaxed,inter,HP) *Sidle * Tevaluate,EUTRAN_Inter  

	InterRAT E-UTRA Cell detection
	Nnorm,UTRA * Tdetect,UTRA_FDD
	 (NUTRA_carrier - Nnorm,UTRA - Nrelaxed,UTRA,HP) *Sidle * Tdetect,UTRA_FDD

	InterRAT E-UTRA minimum measurement rate
	Nnorm,UTRA * Tmeasure,UTRA_FDD
	 (NUTRA_carrier - Nnorm,UTRA - Nrelaxed,UTRA,HP) *Sidle * Tmeasure,UTRA_FDD

	InterRAT E-UTRA evaluation period
	Nnorm,UTRA * Tevaluate,UTRA_FDD 
	 (NUTRA_carrier - Nnorm,UTRA - Nrelaxed,UTRA,HP) *Sidle * Tevaluate,UTRA_FDD

	Note 1 : Nnorm,inter should not be signalled as less than 3, and Nnorm,E-UTRA should not be less than 3 (legacy capabilities for carrier monitoring).
Note 2 : Sidle =[4]


Table 1 : Summary of RRM requirements for normal and relaxed measurement performance
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