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1. 
Introduction
In RAN4#70bis, it has been agreed [1]
· The performance requirements for increased carrier monitoring are divided into two performance groups, denoted as normal performance group and low performance group

· Different performance requirements are to be defined by RAN4 for the normal performance group carriers and the low performance group carriers
In this contribution, some further considerations on INCMON are studied. In order to balance the UE power consumption, measurement delay and UE implementation complexity, a solution is proposed based on two considered criteria, which are overall measurement delay and backward compatible performance.   

2. Some further considerations on INCMON
The key remaining issue on INCMON is to specify the details of each group. This includes 

· Group differentiation: implicit vs. explicit

· Group size 

· Corresponding requirements: cell identification period and physical layer measurement period

In this section, two criteria are proposed from two different perspectives: minimize the overall measurement delay and backward compatible performances. 

Without loss of generality, the maximum cell identification delay for inter-frequency measurements is defined as TIdentify_Inter_g1 and TIdentify_Inter_g2 for normal and low performance groups respectively, where
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Where 
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In average, MInter_g1 and MInter_g2 represent the number of measurement gaps assigned to the normal and low performance group, respectively, per 480ms. Also, Nfreq_g1 and Nfreq_g2 represent the number of frequencies being monitored, excluding the frequencies of the PCell and SCell. 
For RSRP and RSRQ measurement, the physical layer measurement periods, TMeasurement_period_Inter_FDD_g1 and TMeasurement_period_Inter_FDD_g2, are defined for the normal and low performance groups respectively, given as
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where BWmeasure denotes the measurement bandwidth.
To make sure the frequencies in normal performance group enjoy less measurement delay than ones in low performance group, it should be given as
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This is equivalent to 


[image: image9.wmf]480

480

480

1

_

1

_

1

_

1

_

1

_

1

_

MGRP

N

MGRP

N

M

N

M

MGRP

N

N

M

N

freq

freq

g

Inter

g

freq

g

Inter

g

freq

freq

g

Inter

g

freq

×

=

£

Þ

-

-

£


As a result, it is proposed that

Proposal 1: When normal and low performance groups are defined, the size of the normal performance group and the assigned resources in terms of number of measurement gaps should satisfy the following constraint
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2.1 Minimize the overall measurement (including cell identification) delay
In generally, regardless how normal performance and low performance groups are defined, it is desirable to reduce the overall measurement delay for each concerned inter-frequency and inter-RAT measurement. Timely measurement and report can not only facilitate network operation, but also reduce the probability of RLF, e.g. connection loss. This is especially the case when the serving cell coverage is weak. 
Mathematically, the overall measurement delay can be quantified as
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Table 1: Normal performance group size and measurement gap assignment which minimize overall measurement delay
	Nfreq    
	8
	9
	10
	11
	12

	MGRP (ms)   
	40
	80
	40
	80
	40
	80
	40
	80
	40
	80

	Nfreq_g1       
	8
	8
	9
	9
	10
	10
	11
	11
	12
	12

	MInter_g1
	12
	6
	12
	12
	12
	12
	12
	12
	12
	12

	Saved measurement delay compared to randomly picked Nfreq_g1 and MInter_g1 Note1      
	72.5%
	53.2%
	74.0%
	52.2%
	75.4%
	53.12%
	77.1%
	54.5%
	71.0%
	50%

	Note1: Nfreq_g1 and MInter_g1 are randomly selected with the constraint of 
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The trend shown in Table 1 is very clear that to minimize the overall measurement delay, it is better to assign all the frequencies to monitor in a single group and allocate all resources to this group.
Observation 1: to minimize the overall measurement delay, it is better to assign all the frequencies to monitor in a single group and allocate all resources to this group.

2.2 Criterion 2: Achieve the existing performance requirement for normal performance group
Core and performance backward compatibility is very important from both UE implementation and network operation perspectives. The existing inter-frequency/inter-RAT measurement delay requirements have been developed since Rel.8. Its robustness and sustainability has been well approved in the real field. Therefore, it is very desirable to make sure at least some of, if not all of them, the monitored frequencies can achieve the existing minimum performance requirements. Such a feature will guarantee same/similar UE and network performances even when the number of frequencies to monitor is significantly increased. Such a feature is especially important when UE’s speed is normal and/or the serving cell coverage is not very good. Correspondingly, the criterion 2 can be formularized as
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When MGRP=40ms, the following (Nfreq_g1, MInter_g1) pair can approximately achieve the existing minimum requirements

	Nfreq_g1
	1
	2
	3
	4
	4
	4
	5
	5
	6
	6

	MInter_g1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11


Similarly, when MGRP=80ms, the following (Nfreq_g1, MInter_g1) pair can approximately achieve the existing minimum requirements

	Nfreq_g1
	2
	4
	5
	6
	7

	MInter_g1
	2
	3
	4
	5
	6


In addition to the normal performance group performance, it is also desirable to maximize the normal performance group size, such that UE can promptly measure and report as many as possible frequencies in the normal performance group. Meanwhile, it is also important to maintain the overall measurement delay as well. As a result, the corresponding group and resource assignments are recommended

Table 2: Measurement delay comparison with the proposed Nfreq_g1 and Nfreq_g1              
	Nfreq    
	MGRP (ms)   
	Nfreq_g1       
	MInter_g1
	Relative measurement delay 
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	40
	4
	7
	0.36
	1.07

	9
	
	
	
	0.41
	

	10
	
	
	
	0.48
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	0.54
	

	12
	
	
	
	0.71
	

	8
	80
	5
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	0.36
	1.07

	9
	
	
	
	0.42
	

	10
	
	
	
	0.50
	

	11
	
	
	
	0.62
	

	12
	
	
	
	0.83
	


Based on the analysis above, it is proposed
To achieve the backward compatible performance in the normal performance group, 

· the normal performance group comprises 4 frequencies with 7 measurement gaps assigned within 480ms when MGRP=40ms, or  

· the normal performance group comprises 5 frequencies with 4 measurement gaps assigned within 480ms when MGRP=80ms  

3.  Discussion on signalling design for INCMON

From UE implementation perspective, it is desirable to limit the variation of group size and its resource assignment (i.e. number of measurement gaps per 480ms). Different group size and resource assignment combination sometimes means a different measurement implementation at UE. Base on the analysis in Section 2, up to two group size and resource assignment combination modes are supported

· Mode 1: 
Table 3: Group size and resource assignment for Mode 1
	
	Normal performance group
	Low performance group

	Group size
	Nfreq
	0

	Resource assignment (# of MG per 480ms)
	480/MGRP
	0


· Mode 2: 


Table 4: Group size and resource assignment for Mode 2
	
	
	Normal performance group
	Low performance group

	MGRP=40ms
	Group size (# of frequencies to monitor)
	4
	Nfreq-4

	
	Resource assignment (# of MG per 480ms)
	7
	5

	MGRP=80ms
	Group size (# of frequencies to monitor)
	5
	Nfreq-5

	
	Resource assignment (# of MG per 480ms)
	4
	2


Also, it is proposed
Proposal 2:

· A single measurement list as the existing system is provided to UE
· No explicit normal performance and low performance groups are separately provided to UE

· The frequencies in the measurement list is prioritized in decreasing order

· A one-bit signalling is introduced to indicate UE the group size and resource assignment combination mode 

· In Mode 1: there is only one group (i.e. normal performance group). 

· When Nfreq<8, only Mode 1 can be assigned.

· In Mode 2: the size and resource assignment for the normal performance group is fixed. The exact values depend on the MGRP, given in Table 4.

4. Conclusion
In this contribution, the UE mobility state and its impact on INCMON are discussed. Based on the analysis, It is proposed
Proposal 1: When normal and low performance groups are defined, the size of the normal performance group and the assigned resources in terms of number of measurement gaps should satisfy the following constraint
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Proposal 2:

· A single measurement list as the existing system is provided to UE

· No explicit normal performance and low performance groups are separately provided to UE

· The frequencies in the measurement list is prioritized in decreasing order

· A one-bit signalling is introduced to indicate UE the group size and resource assignment combination mode 

· In Mode 1: there is only one group (i.e. normal performance group). 

· When Nfreq<8, only Mode 1 can be assigned.

· In Mode 2: the size and resource assignment for the normal performance group is fixed. The exact values depend on the MGRP, given in Table 4.
· Mode 1 and 2 are defined as below

· Mode 1: 
	
	Normal performance group
	Low performance group

	Group size
	Nfreq
	0

	Resource assignment (# of MG per 480ms)
	480/MGRP
	0


Mode 2: 

	
	
	Normal performance group
	Low performance group

	MGRP=40ms
	Group size (# of frequencies to monitor)
	4
	Nfreq-4

	
	Resource assignment (# of MG per 480ms)
	7
	5

	MGRP=80ms
	Group size (# of frequencies to monitor)
	5
	Nfreq-5

	
	Resource assignment (# of MG per 480ms)
	4
	2
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