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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 UTRA FDD idle mode aspects.
2 Disucssion

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

	UTRA FDD serving cell (25.133)
	
	

	 
	Idle/cell PCH/URA PCH
	Cell FACH
	Cell DCH

	UTRA FDD Inter (1)
	2 (5)
	2 (5)
	2 (5)

	UTRA TDD Inter (1)
	3
	3
	3

	GSM
	32 cells on up to 32 carriers =1 layer
	32 cells on up to 32 carriers =1 layer
	32 cells on up to 32 carriers =1 layer

	E-UTRA FDD
	4 (9)
	4 (9)
	4 (9)

	E-UTRA TDD
	4 (9)
	4 (9)
	4 (9)

	Total layers
	8 (TBD)
	Not specified
	8 (TBD)

	
	
	
	

	Note (1) : 32 (80) interfrequency cells covers UTRA FDD and TDD


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. Three aspects are worthy of discussion.
1) For interRAT measurements of E-UTRA FDD and E-UTRA TDD, we have assumed 9 frequencies, on the basis that this is typically one more than the number of interfrequency carriers specified in 36.133, since when camped in idle mode on a E-UTRA 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. 
3) The number of cells is of particular importance in the work, since it will also have an impact to RAN2. Therefore RAN4 should urgently discuss the number of cells needed, and whether the 80 cell working assumption in the WI can be confirmed.
Proposal 1 : The minimum requirement for total number of carriers to monitor should be increased to 13 for UTRA idle mode.

In a companion contribution[4] we discuss considerations for E-UTRA idle mode, and specifically we conclude that it may be beneficial not to search for all higher priority carriers when Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ and make the following proposal

Proposal 2 : When Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ, the UE should not consider all higher priority layers as candidates for reselection

We think that this proposal would also be beneficial for 25.133 for similar reasons as described in [4]. A typical configuration is to configure E-UTRA layers as higher priority than UTRA, so that the UE moves to E-UTRA whenever it is in coverage. However, if the number of E-UTRA layers is increased, it is important that this does not compromise the reselection performance to equal or lower priority layers, which may typically correspond to UTRA or GSM layers which are important for the UE to remain in coverage.
Two additional aspects to consider have been identified which are specific to UTRA reselection.

1) Reselection between UTRA interfrequency layers may often be configured with the legacy ranking mechanism, rather than absolute priority reselection which was introduced to UTRA in release 8. This means that for interfrequency reselection it may also be important to consider the case where all (eg 5) UTRA frequency layers have equal priority.

2) As has been discussed previously in RAN4, there is a fixed 30s requirement for interfrequency cell detection regardless of the number of interfrequency layers configured. While this requirement is appropriate for one or two frequency layers, it is expected to lead to excessive UE power consumption when 5 frequency layers are configured.

For these reasons, we believe that additional changes need to be considered for UTRA, beyond those considered for E-UTRA in [4]. As indicated in the work item description, all changes should be backwards compatible, so when UE is configured with 2 interfrequency carriers, the same performance and power consumption is expected as before. Considering ranking based interfrequency reselections, the performance in 25.133 is characterised by 
· Measurement interval : (Ncarrier-1) * TmeasureFDD
· Evaluation time : (Ncarrier-1) * TevaluateFDD
· Detection time : 30 seconds

Table 4.1: TmeasureFDD, TevaluateFDD, TmeasureTDD, TevaluateTDD, and TmeasureGSM
	DRX cycle length [s]
	Nserv [number of DRX cycles]
	TmeasureFDD [s] (number of DRX cycles)
	TevaluateFDD [s] (number of DRX cycles)
	TmeasureTDD [s] (number of DRX cycles)
	TevaluateTDD [s] (number of DRX cycles)
	TmeasureGSM [s] (number of DRX cycles)

	0.08
	4
	0.64 (8 DRX cycles)
	2.56 (32 DRX cycles)
	0.64 (8 DRX cycles)
	2.56 (32 DRX cycles)
	2.56 (32 DRX cycles)

	0.16
	4
	0.64 (4)
	2.56 (16)
	0.64 (4)
	2.56 (16)
	2.56 (16)

	0.32
	4
	1.28 (4)
	5.12 (16)
	1.28 (4)
	5.12 (16)
	5.12 (16)

	0.64
	4
	1.28 (2)
	5.12 (8)
	1.28 (2)
	5.12 (8)
	5.12 (8)

	1.28
	2
	1.28 (1)
	6.4 (5)
	1.28 (1)
	6.4 (5)
	6.4 (5)

	2.56
	2
	2.56 (1)
	7.68 (3) 
	2.56 (1)
	7.68 (3) 
	7.68 (3)

	5.12
	1
	5.12 (1)
	10.24 (2)
	5.12 (1)
	10.24 (2)
	10.24 (2)


Considering the increased number of carriers, a balanced approach to the scaling factor may be desirable. Table 2 shows a possible approach. The same basic approach would be used for interfrequency meausrements as has been used since release 99, but with the updated scaling factors as shown in table 2 The performance for 3 and 4 carriers is the same as each other, but relaxed compared to 2 carrier performance. Further relaxations are provided for when 5 carriers are configured. Since the impact on UE power consumption is implementation dependent, feedback from other companies on table 2 would be desirable.
	Number of configured interfrequency carriers (equivalent to (Ncarrier-1))
	Scaling factor for Tevaluate and Tmeasure requirements which would be used in place of (Ncarrier-1)
	Tdetect

	1
	1
	30

	2
	2
	30

	3
	3
	45

	4
	3
	45

	5
	4
	60


Table 2 : Requirements for interfrequency reselection with increased number of carriers
Number of cells for interfrequency reselection
The WID [1] contains a working assumption of 80 for the number of cells for inter-frequency neighbour cell lists. Increasing the number of interfrequency cells is also discussed as a part of the work on UTRA hetnet in all RRC states including idle mode. In [5] we evaluated the impact to performance of different UTRA neighbour cell list sizes and did not see any fundamental impact, based on the evaluation of the 3 stages of cell search. The evaluation was performed for 64 cell NCL size, but the conclusion would also be valid for 80 cells. 

One company indicated that there may be impact for their implementation. Since the details of the impact have not been presented in RAN4 it is difficult to conclude, but we think that fundamentally the UTRA cell search should not be significantly relaxed based on increasing from 32 to 80 cells. 

It should be noted that the two discussions relate to different work items, and we think it is important that RAN4 replies to the outstanding UMTS Hetnet liaison statement, which was received in RAN4#69, during RAN4#70, independently of any consideration under the IncMon work item. However we can also anticipate that if the number of interfrequency carriers is increased, some of the carriers may be used for hetnet deployments, In the IncMon WID it is stated that “The upper limit on the number of cells/carrier can be discussed”. However, based on our analysis there should be limited inpact to cell detection even if all 80 cells are configured on one carrier frequency. Hence, within the context of the IncMon work item, we would not like to introduce any restriction on the number of cells per carrier other than the overall limitation of 80 cells.

Proposal 3 : A maximum of 80 inter-frequency cells is confirmed, and no specific restrictions are introduced on the number of cells per frequency.
At any rate, as noted earlier, RAN2 needs to urgently develop the signalling for >32 interfrequency UTRA neighbours in release 12. Hence our recommendation is that RAN4 should already confirm that 80 cells can be considered as a signalling limitation by RAN2, with further discussion possible on the performance that can be specified by RAN4.
Proposal 4 : A liaison statement is sent to RAN2 confirming 80 interfrequency neighbour cells for the work
3 Conclusions 
In this contribution we focus on UTRA FDD idle mode aspects. We begin by considering the WID which already provides working assumptions for the number of frequencies to monitor and cells in the neighbour cell list. We think these working assumptions are feasible, and make the following proposals
Proposal 1 : The minimum requirement for total number of carriers to monitor should be increased to 13 for UTRA idle mode.

Proposal 2 : When Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ, the UE should not consider all higher priority layers as candidates for reselection
Since legacy UTRA interfrequency reselection is performed using ranking, we think it is also important to address the equal prority case.

Table 2 shows a possible approach. The same basic approach would be used for interfrequency meausrements as has been used since release 99, but with the updated scaling factors as shown in table 2 The performance for 3 and 4 carriers is the same as each other, but relaxed compared to 2 carrier performance. Further relaxations are provided for when 5 carriers are configured. Since the impact on UE power consumption is implementation dependent, feedback from other companies on table 2 would be desirable.

	Number of configured interfrequency carriers (equivalent to (Ncarrier-1))
	Scaling factor for Tevaluate and Tmeasure requirements
	Tdetect

	1
	1
	30

	2
	2
	30

	3
	3
	45

	4
	3
	45

	5
	4
	60


Table 2 : Requirements for interfrequency reselection with increased number of carriers
Proposal 3 : A maximum of 80 inter-frequency cells is confirmed, and no specific restrictions are introduced on the number of cells per frequency.

Proposal 4 : A liaison statement is sent to RAN2 confirming 80 interfrequency neighbour cells for the work
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