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1 Introduction
During RAN4#72 meeting different proposals for RRM requirements due to increased number of carriers for UE to monitor have been presented. Based on those proposals RAN4 has agreed WF [1] where further agreements have been captured as well as remaining issues which require additional discussion have been identified. Those remaining issues are:

· lower value of scaling factor for connected states,
· default configuration of carriers for connected state.

In this contribution we propose values of lower scaling factor for connected states.
2 Discussion
Following agreements have been made at RAN4#72 on scaling factor values for connected states [1]:

· Two scaling factors will be defined with values s=s1 and s=16

· s1may either be fixed for all combinations of Nfreq,n and Nfreq,r, or it may be specified as a function of  total number of normal frequencies Nfreq,n and the total number of reduced frequencies Nfreq,r.
According to above agreements the open issue is s1 value for which two options have been identified, i.e. either fixed value or function of Nfreq,n and Nfreq,r.
Another agreement made during RAN4#72 identifies side conditions in terms of allowed combinations of normal and reduced performance carriers [1]: 
· For 36.133

· The section 8 requirements for increased carrier monitoring in RRC connected state apply provided that Nnorm,inter ≤3 and Nnorm,UTRA≤3, or if Nfreq,n= Nfreq (ie Nfreq,r=0). 

· For 25.133

· The section 8 requirements for increased carrier monitoring in cell FACH and cell DCH state apply provided that Nnorm,inter ≤2, and Nnorm,E-UTRA≤4, or if Nfreq,n= Nfreq (ie Nfreq,r=0). 
In case of E-UTRA inter-frequency requirements this can be illustrated by following figure, where combinations allowed for IncMon are marked by green, in addition to those possible already in legacy releases (yellow). All other combinations are excluded or exceed allowed assumptions [1][2]. It requires additional clarification that when Nfreq,r=0 no scaling factor is used to define requirements. Similar figures can be made for other cases with the differences in maximal number of normal and reduced performance carriers and maximal number of legacy carriers.

Figure 1. Split of carriers for E-UTRA inter-frequency [2] 
As mentioned above, lower value of scaling factor can either be fixed or configurable. Even in case of fixed lower scaling factor, its value should fulfill the relation of s>(Nn/Nr)+1, which ensures that normal carriers have better performance than reduced carriers. Based on that, following tables include scaling factor which is next integer value of (Nn/Nr)+1.
Table 1. Scaling factor values for UTRA inter-frequency

	Nr\Nn
	1
	2

	1
	3
	4

	2
	2
	3

	3
	2
	2

	4
	2
	


Table 2. Scaling factor values for UTRA inter-RAT (E-UTRA FDD/TDD)

	Nr\Nn
	1
	2
	3
	4

	1
	3
	4
	5
	6

	2
	2
	3
	3
	4

	3
	2
	2
	3
	3

	4
	2
	2
	2
	3

	5
	2
	2
	2
	

	6
	2
	2
	
	

	7
	2
	
	
	


Table 3. Scaling factor values for E-UTRA inter-frequency

	Nr\Nn
	1
	2
	3

	1
	3
	4
	5

	2
	2
	3
	3

	3
	2
	2
	3

	4
	2
	2
	2

	5
	2
	2
	2

	6
	2
	2
	

	7
	2
	
	


Table 4. Scaling factor values for E-UTRA inter-RAT (UTRA FDD)

	Nr\Nn
	1
	2
	3

	1
	3
	4
	5

	2
	2
	3
	3

	3
	2
	2
	3

	4
	2
	2
	

	5
	2
	
	


Table 5. Scaling factor values for E-UTRA inter-RAT (UTRA TDD)

	Nr\Nn
	1
	2
	3

	1
	3
	4
	5

	2
	2
	3
	3

	3
	2
	2
	3

	4
	2
	2
	2

	5
	2
	2
	

	6
	2
	
	


Values presented in above tables are one possible option of defining scaling factor as function of Nfreq,n and Nfreq,r. As in real deployments those numbers may be too small, it is proposed to increase them at least by one. I.e. final values should be at least on higher than those from tables above.
If fixed scaling factor is going to be used, it can be also based on numbers from above tables. I.e. the highest number from particular table increased at least by one should be used:
· UTRA inter-frequency: 5
· UTRA inter-RAT (E-UTRA FDD/TDD): 7
· E-UTRA inter-frequency: 6
· E-UTRA inter-RAT (UTRA FDD): 6
· E-UTRA inter-RAT (UTRA TDD): 6
As it is preferred to not increase the number of possible scaling factors, at least per single RAT, either one number per RAT or one number for both UTRA and E-UTRA should be used. That would lead to either sminUTRA=7 and sminE-UTRA=6, or smin=7.
Observation 1: If lower value of scaling factor is going to be defined as function of Nfreq,n and Nfreq,r, numbers from Tables 1-5 increased at least by one should be used.
Observation 2: If lower value of scaling factor is going to be defined as function of Nfreq,n and Nfreq,r, RAN4 will have to define higher number of test cases than for fixed value of lower scaling factor.

In the light of Observation 2 and taking into account that scaling factor as a function may require some higher implementation complexity, our preference is that lower scaling factor should be defined as a fixed value.

Proposal 1: Lower scaling factor shall be defined as a fixed value.
Remaining question is whether RAN4 should define only one lower scaling factor for UTRA and E-UTRA or rather RAT-specific scaling factor as, according to analysis above, this number can different in those two cases.
Question 1: Should RAN4 define only one scaling factor for both RATs or RAT-specific scaling factor?
Our preference is one fixed value as lower scaling factor, which should be choose from the range of [6;8]. In Appendix we included figures which show comparison between the performance of normal and reduced carriers groups for s=6 and s=8. From these figures it can be seen that the impact on the cell detection for reduced group seems to be bigger in s=8 than the penalty on normal group. I.e. detection delay for normal group does not change much depending on whether we use s=6 or s=8, but the detection delay for reduced group increases much more. Due to that we propose to choose s=6 as a lower value of scaling factor.
Proposal 2: s=6 shall be choose as lower value of scaling factor.
3 Conclusion 

This contribution discusses on the value of low scaling factor for connected states. Based on short analysis, following is proposed:
Proposal 1: Lower scaling factor shall be defined as a fixed value.
Proposal 2: s=6 shall be choose as lower value of scaling factor.
Reference

[1] R4-145402, Way forward for IncMon, Ericsson
[2] R4-145363, Meeting minutes for IncMon ad hoc, Ericsson
Appendix
[image: image1.png]Nn=1, Nr=7, s=6
Nn=1, Nr=6, 5=6
Nn=1, Nr=5, 5=6
Nn=1, Nr=4, 5=6
Nn=1, Nr=3, 5=6
Nn=1, Nr=2, s=6

Nn=1, Nr=1, 5=6

Inter-frequency cell detection times

TUHH

IS

50000

100000
T [ms]

150000

200000

= Detection time for normal perf,
group carriers

 Detection time for reduced perf.
group carriers

 Detection time for equal carriers




[image: image2.png]Nn=2, Nr=6, s=6

Nn=2, Nr=5, s=6

Nn=2, Nr=4, s=6

Nn=2, Nr=3, s=6

Nn=2, Nr=2, s=6

Nn=2, Nr=1, s=6

Inter-frequency cell detection times

|

IS

50000

T [ms]

100000

150000

® Detection time for normal perf.
group carriers

 Detection time for reduced perf.
group carriers

 Detection time for equal carriers




[image: image3.png]Inter-frequency cell detection times

Nn=3, Nr=5, s=6

Nn=3, Nr=4, s=6
= Detection time for normal perf.

Nn=3, Nr=3, =6 group carriers

 Detection time for reduced perf.

Nn=3, Nr=2, s=6 group carriers

u Detection time for equal carriers
Nn=3, Nr=1, s=6

i

°
IS
8
8

80000 120000
T[ms]




[image: image4.png]Nn=1, Nr=7, s=8
Nn=1, Nr=6, s=8
Nn=1, Nr=5, s=8
Nn=1, Nr=4, s=8
Nn=1, Nr=3, s=8
Nn=1, Nr=2, s=8

Nn=1, Nr=1, s=8

Inter-frequency cell detection times

TUHH

IS

50000 100000 150000 200000 250000
T[ms]

= Detection time for normal perf,
group carriers

 Detection time for reduced perf.
group carriers

 Detection time for equal carriers




[image: image5.png]Nn=2, Nr=6, s=8

Nn=2, Nr=5, s=8

Nn=2, Nr=4, s=8

Nn=2, Nr=3, s=8

Nn=2, Nr=2, s=8

Nn=2, Nr=1, s=8

Inter-frequency cell detection times

i

IS

50000

100000
T [ms]

150000

200000

= Detection time for normal perf,
group carriers

 Detection time for reduced perf.
group carriers

 Detection time for equal carriers




[image: image6.png]Inter-frequency cell detection times

Nn=3, Nr=5, s=8

Nn=3, Nr=4, s=8
= Detection time for normal perf.

Nn=3, Nr=3, =8 group carriers

 Detection time for reduced perf.

Nn=3, Nr=2, s=8 group carriers

u Detection time for equal carriers
Nn=3, Nr=1, s=8

i

IS

50000 100000 150000 200000
T[ms]




