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1. Introduction
In RAN4#71 meetings, we got following agreements for the feature of increasing UE monitoring carriers[1][2]:
· The monitored carriers will be divided into two performance groups as “normal” or “reduced” performance group.
· CDMA2000 and GSM shall have normal performance only.
· From a signaling point of view it should be possible to indicate any combination of normal and reduced performance carriers
· RAN4 may still introduce side conditions in terms of combinations of normal and reduced performance carriers in 25.133 and 36.133 for which the RAN4 requirements are applicable.
· RAN4 also considers that it would be beneficial to define a default rule to define which carriers have normal performance and which carriers have reduced performance if UTRAN does not signal anything related to IncMon.

· RAN4 intends to define a scaling factor which defines the relaxation of requirements for carriers in the reduced performance group relative to the legacy performance

· For UE in LTE idle state, UTRA idle, UTRA CELL PCH or UTRA URA PCH states, RAN4 does not anticipate that the scaling factor needs to be configurable by higher layer signalling

· For UE in E-UTRA RRC connected state, UTRA cell FACH state and UTRA CELL DCH state, RAN4 considers that at most four scaling factor settings each would be necessary for UTRA and E-UTRA reduced performance group. RAN4 considers that at most 4 scaling factor settings should be explicitly signalled and additionally a default value is considered in case the scaling factor is not explicitly signalled. 

· RAN4 intends to specify the mapping between scaling factor setting and measurement performance in 25.133 and 36.133. The following scaling factors can be assumed to be mapped to relevant performance requirements

· SCALING_FACTOR_UTRA_CONFIG1, SCALING_FACTOR_UTRA_CONFIG2, SCALING_FACTOR_UTRA_CONFIG3,  SCALING_FACTOR_UTRA_CONFIG4,   

· SCALING_FACTOR_EUTRA_CONFIG1, SCALING_FACTOR_EUTRA_CONFIG2, SCALING_FACTOR_EUTRA_CONFIG3, SCALING_FACTOR_EUTRA_CONFIG4 

· Only one scaling factor is signalled used by the UE at any time.

In RAN4#71 RRM AH meeting, a WF is agreed as following:
· Scaling factor s=6 shall be used for UTRA and E-UTRA idle mode

· Scaling factor set for connected state is FFS

· Connected state side conditions for carrier combinations are FFS

· Interested companies are invited to provide further analysis on scaling factor set and carrier combinations

· Decision  is expected in RAN4#72
Some open issues about scaling factors have not been resolved. The document will further discuss related issues and give our proposals.
2. Discussion
2.1
Rule for Specifying Scaling factor
In the last meeting, companies presented many proposals for specifying scaling factors for RRC connected state UE. However, RAN4 has no consensus. We think that some criteria for specifying scaling factor should be set first. The following criteria are proposed:
1. The measurement performance of normal performance group should be better than that of reduced performance group.

2. The measurement performance of normal performance group should be more or less equivalent compared with legacy measurement performance.
3. The interval of two measurements for a carrier can’t be too long.
According to current agreements, the measurement performance of RRC connected state UE will be specified as:
The measurement performances (delay or period) for normal performance group are: Tnormal=Tsingle*Nnormal*s/(s–1)

The measurement performances (delay or period) for reduced performance group are: Treduced = Tsingle * Nreduced * s
Where:
Tsingle:

The legacy measurement performance when only one inter frequency carrier.



Nnormal:
Carrier number in normal performance group.



Nreduced:
Carrier number reduced performance group




s:


Scaling factor

To meet criteria 1, Tnormal should be shorter than Treduced, i.e. Tnormal < Treduced, to get: Nnormal < Nreduced * (s–1)
To meet criteria 2, the factor s/(s–1) should not too large, since the measurement performances for normal performance group is specified as legacy measurement performance multiplied by s/(s–1), i.e. Tnormal = Tsingle * Nnormal * s/(s–1). The s/(s–1) is always larger than 1. The limit of s/(s–1) should be decided by RAN4. Here, if the limit is set to 1.5, i.e. s/(s–1) < 1.5, s could be calculated as: s > 3.
If the interval between two measurements for a carrier is too long, the UE may miss the DL timing of the measured cell. It is specified as in section 8.1.2.2.1.1.1.3 of 36.133:
If a cell which has been detectable at least for the time period Tidentify_intra defined in clause 8.1.2.2.1.1 becomes undetectable for a period ≤ 5 seconds and then the cell becomes detectable again and triggers an event, the event triggered measurement reporting delay shall be less than TMeasurement_Period, Intra provided the timing to that cell has not changed more than ( 50 Ts and the L3 filter has not been used.
Based on these requirements, it is reasonable to suppose the interval of two measurements for a carrier are limited to shorter than 5s. From criteria 1, the interval between two measurements for a reduced performance carrier should be larger than that of normal performance carrier, thus it is the interval of reduced performance carrier should be checked. It is assumed the measurement result is filtered using 5 samples, i.e. the measurement period is equal to 5 measurement intervals. So the measurement period of carriers in reduced performance group should be less than 25s. When the measured cell bandwidth is 6PRB, the measurement period of legacy for single carrier is 480ms. To meet criteria 3, the Treduced (= 480ms * Nreduced * s) should be less than 25s, to get: Nreduced * s < 625 / 12 = 52.0833.
So, we get the restriction conditions from above three criteria as following formulas:
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2.2
Conditions for measurement requirements
Based on above restriction conditions and Nnormal + Nreduced ≤ 13, the range of scaling factor can be selected listed in table 1 for every carrier number combination, assuming Nnormal ≠ 0 and s is not applicable. (or s = infinity) when Nreduced = 0.
Table 1.
The range of scaling factor can be selected with the combination of Nnormal and Nreduced
	Nr/Nn
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	0
	NA.
	NA.
	NA.
	NA.
	NA.
	NA.
	NA.
	NA.
	NA.
	NA.
	NA.
	NA.
	NA.

	1
	4~52
	4~52
	4~52
	5~52
	6~52
	7~52
	8~52
	9~52
	10~52
	11~52
	12~52
	13~52

	2
	4~25
	4~25
	4~25
	4~25
	4~25
	5~25
	5~25
	6~25
	6~25
	7~25
	7~25

	3
	4~17
	4~17
	4~17
	4~17
	4~17
	4~17
	4~17
	4~17
	5~17
	5~17

	4
	4~13
	4~13
	4~13
	4~13
	4~13
	4~13
	4~13
	4~13
	4~13

	5
	4~10
	4~10
	4~10
	4~10
	4~10
	4~10
	4~10
	4~10

	6
	4~8
	4~8
	4~8
	4~8
	4~8
	4~8
	4~8

	7
	4~7
	4~7
	4~7
	4~7
	4~7
	4~7

	8
	4~6
	4~6
	4~6
	4~6
	4~6

	9
	4~5
	4~5
	4~5
	4~5

	10
	4~5
	4~5
	4~5

	11
	4
	4

	12
	4


Note: The row is number of carriers in normal performance group, Nnormal. The column is number of carriers in reduced performance group, Nreduced. The gray part is Nnormal > 7.
Observation: The scaling factor should be selected in table 1 for a carrier number combination.
For network configuration, a carrier’s performance group and the carrier number in the two groups may not need to be limited for configuration flexibility. However, the inter frequency carrier number for legacy UE monitored is limited to 7. If the carrier number in normal performance group is larger than 7, the measurement performance of normal carrier will worse than legacy UE. So the measurement requirements specified by RAN4 could be limited to conditions that normal carrier number is less than 8, as guidance for carrier group configuration. Base on these analyses, the following proposal is presented.
Proposal 1: The conditions for the measurement requirements specified by RAN4 can be set as following: The carrier number configured in normal performance group is more than 0 and less than 8, and the scaling factor should be selected in Table 1 for certain carrier number combination, i.e. the conditions are:
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2.3
Values for Scaling factor

RAN4 has agreed a maximum of four values used for mapping specified in signal, i.e. using 2bits indication, and a default value is set for scaling factors. Since in some cases, the scaling factor can only be set to 4 as shown in Table 1, so 4 should be a value for scaling factor. It is reasonable that the values of scaling factor should be times of number measurement gap during 480ms inter frequency measurement period, proposed by some company contributions in last RAN4 meeting, i.e. 6 or 12.
Larger value of scaling factor, e.g. 24, seems not necessary. The measurement performance scaling for the carriers in normal performance group, i.e. s/(s-1), is 1.09 when s=12. It is very similar with legacy. When s = 24, the s/(s-1) is 1.043. The measurement performance is upgraded by only 4% and the benefit is not obvious. However, s = 24 may still be used when the number of carriers configured in normal performance group are large. s=24 can be selected as a value of scaling factor to increasing flexible for network configuration.
Based on above discussion, it is proposed that four values for the scaling factor can be selected as shown in table 2.

Table 2.
The four values proposed for the scaling factor for RRC connected UE

	Scaling factors (Reduced group scaling)
	4
	6
	12
	24

	Normal group scaling, s/(s – 1)
	1.33
	1.20
	1.09
	1.04


Proposal 2: Four scaling factors, 4, 6, 12 and 24 are proposed. Another selection option is three scaling factors, 4, 6 and 12.
Considering above discussion and table 1, it may be reasonable that the default value of scaling factor is defined as carrier number in normal performance group plus one or two.
Proposal 3: The default value of scaling factor is defined as carrier number in normal performance group plus one (or two).

3. Conclusion
The document discussed measurement requirements with increasing carrier number UE monitored for RRC connected UE. Three criteria were proposed as: 

1. The measurement performance of normal performance group should be better than that of reduced performance group.

2. The measurement performance of normal performance group should be more or less equivalent compared with legacy measurement performance.

3. The interval of two measurements for a carrier can’t be too long.
Based on these criteria, we got the restriction conditions for specifying measurement requirements, and presented following proposals:
Proposal 1: The conditions for the measurement requirements specified by RAN4 can be set as following: The carrier number configured in normal performance group is more than 0 and less than 8, and the scaling factor should be selected in Table 1 for certain carrier number combination, i.e. the conditions are as:
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Proposal 2: Four scaling factors, 4, 6, 12 and 24 are proposed. Another selection option is three scaling factors, 4, 6 and 12.

Proposal 3: The default value of scaling factor is defined as carrier number in normal performance group plus one  (or two).
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