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1 Introduction
In RAN#62, a new work item was agreed to increase the minimum requirement for number of carriers which can be monitored in UTRA and LTE. The objectives of the work item are
	Increase the minimum number of inter-frequency carriers and cells a UE shall be able to monitor for UTRA and for EUTRA. The corresponding working assumptions are 

· inter-frequency and inter-RAT for UTRA and E-UTRA:
· UTRA FDD max 5 carriers

· For the total number of cells, max 80 cells can be considered as a signalling limitation by RAN2

· The upper limit on the number of cells/carrier can be discussed

· E-UTRA FDD max 8 carriers

· E-UTRA TDD max 8 carriers

· inter-RAT for E-UTRA:

· UTRA TDD max 6 carriers

· Minimum requirements for total number of carriers to monitor in 25.133 and 36.133 shall also be addressed 

For UTRA FDD,  Idle/URA_PCH/CELL_PCH states and CELL_DCH/CELL_FACH state operation shall be considered.

For E-UTRA FDD and E-UTRA TDD,  RRC idle mode and RRC connected state operation shall be considered.

The work on inter-frequency layers to be monitored shall be prioritized over inter-RAT layers to be monitored.

Any changes shall be backwards compatible from a core and performance requirements point of view, ie the solution should not worsen existing RRM requirements (e.g., delays) and power consumption in the UE when using the number of carriers/cells a UE can monitor in the existing specification

Requirements shall also be developed for UE that support the optional capability to make inter-frequency and interRAT measurements without gaps.


In this contribution we focus on E-UTRA idle mode aspects.
2 Disucssion

We begin by summarising existing requirements and working assumptions according to the WID [1] in table 1. 

	E-UTRA serving cell (36.133)

	 
	Idle

	UTRA FDD Inter (1)
	3 (6)

	UTRA TDD Inter (1)
	3 (6)

	GSM
	32 cells on up to 32 carriers =1 layer

	E-UTRA FDD
	3 (8)

	E-UTRA TDD
	3 (8)

	E-UTRA FDD RSTD
	N/A

	E-UTRA TDD RSTD
	N/A

	CDMA 2000 1x
	3 (3)

	HRPD
	3 (3)

	Total layers
	8 (TBD)


TABLE 1 : Existing minimum requirements for measurements and working assumptions for increased monitoring capability according to [2].
In this contribution we focus on idle mode aspects. The updated monitoring capabilities are shown in brackets in Table 1, and are mostly copied from the WID. Two aspects are worthy of discussion.
1) For interRAT measurements of UTRA FDD, we have assumed 6 frequencies, on the basis that this is typically one more than the number of interfrequency carriers specified in 25.133, since when camped in idle mode on a UTRA FDD cell, one frequency is measured as an intra frequency

2) The total increased number of layers is not specified in the WID, but clearly needs to be increased from 8. In [3], a number of operators experessed interest in increased capability in the range 10-16. Our view is that a total of 13 may be sufficient. 
Proposal 1 : The minimum requirement for total number of carriers to monitor should be increased to 13 for E-UTRA idle mode.
In an earlier contribution [2] we discussed the scaling of E-UTRA interfrequency requiremements for idle mode. In that contribution, worked examples were provided and we evaluated the existing requirements for cell identification and evaluation period if Kcarrier is simply increased to 8 (noting that even higher Kcarrier scaling could be possible according to proposal 1).
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


Absolute priority reselection is always used in E-UTRA for interfrequency and interRAT reselection mobility, where different frequency layers can be configured to have lower, equal or higher priority than the current serving frequency. When the serving cell strength and quality are adequate (by which we mean formally that rxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ) then the UE is only required to perform higher priority searches, which can be regarded as a kind of background search, searching for one layer per 60s. When the serving cell strength or quality is not adequate, the UE is currently required to search for all priority layers, ie lower, equal or higher priority. 

When we consider increasing the number of layers, the main critical case in which the UE may loose service is when the serving cell strength or quality is not adequate. In this case, if we envisage that the UE searches and measures a large number of additional frequencies then extension of the existing approach would lead to high reselection delays or high UE power consumption, neither of which is attractive. 

Our understanding is that a main motivation for increasing the number of carriers a UE can monitor is that operators are deploying an increased number of bands and carriers, and also multiband UE are able to support an increased number of bands in future from an RF perspective.  An observation is that there would be a subset of the carriers which are known to provide coverage (within a limited geographical area). Other carriers may also deployed which can be used for capacity increase, either with macro or hetnet deployments. When considering from this aspect, it seems reasonable  that when the serving cell signal strength or quality becomes inadequate, the UE does not search for cells on a large number of frequencies or RATs, at least in scenarios where mobility is demanding, such as modeate or high speed UEs. In these scenarios, the reselection is time critical and a more directed search seems beneficial. Since this is scenrario dependent, it appears beneficial if some configuration possibility is also considered.
Proposal 2 : When Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ, the UE should not consider all higher priority layers as candidates for reselection
The consequence of proposal 2 is that cells on lower and equal priority frequencies are likely to be detected more rapidly, which avoids the UE going out of service. Naturally when rxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ the UE should search and measure on all higher priority frequencies in the neighbour list.

Proposal 3 : When rxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ the UE should search and measure on all higher priority frequencies in the neighbour list
Ideally, the number of higher priority frequencies which are considered as candidiates for reselection when Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ should be configurable, although this would have impact to RAN2 signalling and would need discussion in RAN2. Alternatively, a rule could be defined by RAN4. For example, if 8 frequencies are indicated to the UE in the interFreqCarrierFreqList (SIB5) then it could be defined that any higher priority frequencies not in the first 3 entires in the interFreqCarrierFreqList are not searched for when Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ. Since legacy UE will likely only meaure according to the minimum capabity, the first 3 entries in the interFreqCarrierFreqList are necessarily ones that provide coverage for legacy UEs. For release 12 UEs, excluding higher priority frequencies which are not in these positions in the NCL allows the UE to focus on carriers where coverage is more likely to be found, such as low or equal priototy frequencies and frequencies in the first three positions in the interFreqCarrierFreqList.

Proposal 4 : When Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ, the UE may only consider higher priority layers which are in the first M positions in the interFreqCarrierFreqList or the first P positions in CarrierFreqListUTRA-FDD/ CarrierFreqListUTRA-TDD the  as candidates for reselection
M and P would be configurable, and signalled by RRC signalling.
Considering the RAN4 impications for performance under this proposal, all higher priority layers would be searched every Thigher_priority_search = (60 * Nlayers). When Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ, the existing performance requirements would be applicable, but the scaling factor Kcarrier should clearly depend on the number of frequencies which the UE needs to consider for reselection, which would be significantly reduced for typical configurations. It could be expected that when a large number of frequencies are included in neighbour cell lists, they are not all necessary for coverage purposes, and thus are not configured with lower priority. 
Based on this approach, our view is that no major changes would be necessary in the basic UE requirements, although some reduction in the higher priority search perioidicity (currently 60s per frequency) could be attractive to facilitate faster reselection to higher priority cells. 
3 Conclusions 
In this contribution, we discuss further the requirements for monitoring of an increased minimum number of carriers.

Proposal 1 : The minimum requirement for total number of carriers to monitor should be increased to 13 for E-UTRA idle mode.
Proposal 2 : When Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ, the UE should not consider all higher priority layers as candidates for reselection
Proposal 3 : When rxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ the UE should search and measure on all higher priority frequencies in the neighbour list
Proposal 4 : When Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ, the UE should only consider higher priority layers which are in the first M positions in the interFreqCarrierFreqList or the first P positions in CarrierFreqListUTRA-FDD/ CarrierFreqListUTRA-TDD the  as candidates for reselection
A text proposal for changes is provided in annex A.
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Annex A : Text proposal for 36.133 changes in idle mode

4.2.2.4
Measurements of inter-frequency E-UTRAN cells

The UE shall be able to identify new inter-frequency cells and perform RSRP or RSRQ measurements of identified inter-frequency cells if carrier frequency information is provided by the serving cell, even if no explicit neighbour list with physical layer cell identities is provided.

If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ then the UE shall search for inter-frequency layers of higher priority at least every Thigher_priority_search where Thigher_priority_search is described in clause 4.2.2.

If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ then the UE shall search for and measure inter-frequency layers of higher, equal or lower priority in preparation for possible reselection. If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ the UE may only consider higher priority inter-frequency layers which are in the first M positions in the interFreqCarrierFreqList as candidates for reselection. The value of M is signalled according to signalling defined in [7] using the information element TBD. Kcarrier used in the requirements shall assume that the UE only searches for and measures higher priority interfrequency layers in the first M positions of interFreqCarrierFreqList. In this scenario, the minimum rate at which the UE is required to search for and measure the necessary higher priority layers shall be the same as that defined below.
The UE shall be able to evaluate whether a newly detectable inter-frequency cell meets the reselection criteria defined in TS36.304 within Kcarrier * Tdetect,EUTRAN_Inter  if at least carrier frequency information is provided for inter-frequency neighbour cells by the serving cells when Treselection = 0 provided that the reselection criteria is met by a margin of at least 5dB for reselections based on ranking or 6dB for RSRP reselections based on absolute priorities or 4dB for RSRQ reselections based on absolute priorities.

The parameter Kcarrier is the number of E-UTRA inter-frequency carriers indicated by the serving cell.  An inter-frequency cell is considered to be detectable according to RSRP, RSRP Ês/Iot, SCH_RP and SCH Ês/Iot defined in Annex B.1.2 for a corresponding Band.
When higher priority cells are found by the higher priority search, they shall be measured at least every  Tmeasure,E-UTRAN_Inter . If, after detecting a cell in a higher priority search, it is determined that reselection has not occurred then the UE is not required to continuously measure the detected cell to evaluate the ongoing possibility of reselection. However, the minimum measurement filtering requirements specified later in this clause shall still be met by the UE before it makes any determination that it may stop measuring the cell. If the UE detects on a E-UTRA carrier a cell whose physical identity is indicated as not allowed for that carrier in the measurement control system information of the serving cell, the UE is not required to perform measurements on that cell.

The UE shall measure RSRP or RSRQ at least every Kcarrier * Tmeasure,EUTRAN_Inter (see table 4.2.2.4-1) for identified lower or equal priority inter-frequency cells. If the UE detects on a E-UTRA carrier a cell whose physical identity is indicated as not allowed for that carrier in the measurement control system information of the serving cell, the UE is not required to perform measurements on that cell.

The UE shall filter RSRP or RSRQ measurements of each measured higher, lower and equal priority inter-frequency cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by at least Tmeasure,EUTRAN_Inter/2.

The UE shall not consider a E-UTRA neighbour cell in cell reselection, if it is indicated as not allowed in the measurement control system information of the serving cell.

For an inter-frequency cell that has been already detected, but that has not been reselected to, the filtering shall be such that the UE shall be capable of evaluating that the inter-frequency cell has met reselection criterion defined TS 36.304 within Kcarrier * Tevaluate,E-UTRAN_Inter when Treselection = 0 as specified in table 4.2.2.4-1 provided that the reselection criteria is met by a margin of at least 5dB for reselections based on ranking or 6dB for RSRP reselections based on absolute priorities or 4dB for RSRQ reselections based on absolute priorities. When evaluating cells for reselection, the side conditions for RSRP and SCH apply to both serving and inter-frequency cells.

If Treselection timer has a non zero value and the inter-frequency cell is better ranked than the serving cell, the UE shall evaluate this inter-frequency cell for the Treselection time. If this cell remains better ranked within this duration, then the UE shall reselect that cell.

Table 4.2.2.4-1 : Tdetect,EUTRAN_Inter, Tmeasure,EUTRAN_Inter and Tevaluate,E-UTRAN_Inter
	DRX cycle length [s]
	Tdetect,EUTRAN_Inter [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Inter [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_Inter
[s] (number of DRX cycles)

	0.32
	11.52 (36)
	1.28 (4)
	5.12 (16)

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)

	1.28
	32(25)
	1.28 (1)
	6.4 (5)

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)


For higher priority cells, a UE may optionally use a shorter value for TmeasureE-UTRA_Inter ,which shall not be less than Max(0.64 s, one DRX cycle).

4.2.2.5
Measurements of inter-RAT cells

If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ then the UE shall search for inter-RAT layers of higher priority at least every Thigher_priority_search where Thigher_priority_search is described in clause 4.2.2

If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ then the UE shall search for and measure inter-RAT layers of higher, lower priority in preparation for possible reselection. If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ the UE may only consider higher priority inter-RAT layers which are in the first P positions of CarrierFreqListUTRA-FDD and  CarrierFreqListUTRA-TDD as candidates for reselection. The value of P is signalled according to signalling defined in [7] using the information element TBD. NUTRA_carrier and NUTRA_carrier_TDD used in the requirements shall assume that the UE only searches for and measures higher priority inter-RAT layers in the first P positions of CarrierFreqListUTRA-FDD and  CarrierFreqListUTRA-TDD. In this scenario, the minimum rate at which the UE is required to search for and measure the necessary higher priority inter-RAT layers shall be the same as that defined below for lower priority RATs.

4.2.2.5.1
Measurements of UTRAN FDD cells

When the measurement rules indicate that UTRA FDD cells are to be measured, the UE shall measure CPICH Ec/Io and CPICH RSCP of detected UTRA FDD cells in the neighbour frequency list at the minimum measurement rate specified in this section. The parameter NUTRA_carrier is the number of carriers in the neighbour frequency list. The UE shall filter CPICH Ec/Io and CPICH RSCP measurements of each measured UTRA FDD cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by at least half the minimum specified measurement period.

The UE shall evaluate whether newly detectable UTRA FDD cells have met the reselection criteria in TS 36.304 within time (NUTRA_carrier) * TdetectUTRA_FDD when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ when TreselectionRAT = 0 provided that the reselection criteria is met by a margin of at least 6dB for reselections based on RSCP, or a margin of at least 3dB for reselections based on Ec/Io.
Cells which have been detected shall be measured at least every (NUTRA_carrier) * TmeasureUTRA_FDD when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ. 

When higher priority UTRA FDD cells are found by the higher priority search, they shall be measured at least every  Tmeasure,UTRA_FDD. If, after detecting a cell in a higher priority search, it is determined that reselection has not occurred then the UE is not required to continuously measure the detected cell to evaluate the ongoing possibility of reselection. However, the minimum measurement filtering requirements specified later in this clause shall still be met by the UE before it makes any determination that it may stop measuring the cell.
For a cell that has been already detected, but that has not been reselected to, the filtering shall be such that the UE shall be capable of evaluating that an already identified UTRA FDD cell has met reselection criterion defined in TS 36.304 [1] within (NUTRA_carrier) * TevaluateUTRA_FDD when Treselection = 0 as speficied in table 4.2.2.5.1-1 provided that the reselection criteria is met by a margin of at least 6dB for reselections based on RSCP, or a margin of at least 3dB for reselections based on Ec/Io.

If Treselection timer has a non zero value and the UTRA FDD cell is satisfied with the reselection criteria which are defined in [1], the UE shall evaluate this UTRA FDD cell for the Treselection time. If this cell remains satisfied with the reselection criteria within this duration, then the UE shall reselect that cell.
Table 4.2.2.5.1-1: TdetectUTRA_FDD, TmeasureUTRA_FDD, and TevaluateUTRA_FDD
	DRX cycle length [s]
	TdetectUTRA_FDD [s]
	TmeasureUTRA_FDD [s] (number of DRX cycles)
	TevaluateUTRA_FDD
[s] (number of DRX cycles)

	0.32
	30
	5.12 (16)
	15.36 (48)

	0.64
	
	5.12 (8)
	15.36 (24)

	1.28
	
	6.4(5)
	19.2 (15)

	2.56
	60
	7.68 (3)
	23.04 (9)


For higher priority cells, a UE may optionally use a shorter value for TmeasureUTRA_FDD ,which shall not be less than Max(0.64 s, one DRX cycle).

4.2.2.5.2
Measurements of UTRAN TDD cells

When the measurement rules indicate that UTRA TDD cells are to be measured, the UE shall measure P-CCPCH RSCP of detected UTRA TDD cells in the neighbour frequency list at the minimum measurement rate specified in this section. The parameter NUTRA_carrier_TDD is the number of carriers used in the neighbour frequency list. The UE shall filter P-CCPCH RSCP measurements of each measured UTRA TDD cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by at least half the minimum specified measurement period. P-CCPCH RSCP of UTRAN TDD cells shall not be filtered over a longer period than that specified in table 4.2.2.5.2-1.
The UE shall evaluate whether newly detectable UTRA TDD cells have met the reselection criteria in TS 36.304 within time (NUTRA_carrier_TDD) * TdetectUTRA_TDD when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ  when Treselection = 0 provided that the reselection criteria is met by a margin of at least 6dB.

Cells which have been detected shall be measured at least every (NUTRA_carrier_TDD) * TmeasureUTRA_TDD Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ.

When higher priority UTRA TDD cells are found by the higher priority search, they shall be measured at least every  Tmeasure,UTRA_TDD. If, after detecting a cell in a higher priority search, it is determined that reselection has not occurred then the UE is not required to continuously measure the detected cell to evaluate the ongoing possibility of reselection. However, the minimum measurement filtering requirements specified later in this clause shall still be met by the UE before it makes any determination that it may stop measuring the cell.

For a cell that has been already detected, but that has not been reselected to, the filtering shall be such that the UE shall be capable of evaluating that an already identified UTRA TDD cell has met reselection criterion defined in [1] within NUTRA_carrier_TDD *TevaluateUTRA_TDD when Treselection = 0 as specified in table 4.2.2.5.2-1 provided that the reselection criteria is met by a margin of at least 6dB.

If Treselection timer has a non zero value and the UTRA TDD cell is satisfied with the reselection criteria which are defined in [1], the UE shall evaluate this UTRA TDD cell for the Treselection time. If this cell remains satisfied with the reselection criteria within this duration, then the UE shall reselect that cell.
Table 4.2.2.5.2-1: TdetectUTRA_TDD, TmeasureUTRA_TDD and TevaluateUTRA_TDD
	DRX cycle length [s]
	TdetectUTRA_TDD [s]
	TmeasureUTRA_TDD [s] (number of DRX cycles)
	TevaluateUTRA_TDD
[s] (number of DRX cycles)

	0.32
	30
	5.12 (16)
	15.36 (48)

	0.64
	
	5.12 (8)
	15.36 (24)

	1.28
	
	6.4(5)
	19.2 (15)

	2.56
	60
	7.68 (3)
	23.04 (9)


For higher priority cells, a UE may optionally use a shorter value for TmeasureUTRA_TDD,which shall not be less than Max(0.64 s, one DRX cycle).

>>> No changes to intermediate sections 4.2.2.6, 4.2.2.7 and 4.2.2.8
4.2.2.9
UE measurement capability

For idle mode cell re-selection purposes, the UE shall be capable of monitoring at least:

-
Intra-frequency carrier, and
-
Depending on UE capability, 8 FDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 8 TDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 6 FDD UTRA carriers, and

-
Depending on UE capability, 6 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 addition to the requirements defined above, a UE supporting E-UTRA measurements in RRC_IDLE state shall be capable of monitoring a total of at least 13 carrier frequency layers, which includes serving layer, comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 cells), cdma2000 1x and HRPD layers.

>>> No changes to intermediate section 4.2.2.10

4.2.2.11
UE measurement capability

