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Introduction
The WID of Rel-16 enhancements for NB-IoT and the WID of Rel-16 MTC enhancements for LTE were approved in RAN#80. The WIDs have been revised for several times and the lasted ones are approved in RAN#83 [1][2]. The following objective is included in both of these WIDs:
	Improved DL transmission efficiency and/or UE power consumption:
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]


In RAN1 #95~#96 meeting, based on the contributions, the following agreements have been achieved:
	RAN1#95 agreements:
For eMTC:
· One group WUS is designed as a single sequence
· Rel-16 group WUS uses the same gap configurations as for Rel-15 legacy WUS except for differences from possible TDM.
· No new gap higher layer signaling will be introduced for TDM
· The number of UE groups is configurable and broadcasted in SIB.
· FFS: Further details on the number of UE groups. For example, whether it is per PO or per gap configuration of a PO
· UE group ID is used as a parameter to generate WUS UE group sequence(s).
· For multiplexing between Rel-16 UE-group WUS and Rel-15 WUS, further evaluate and down select among the following options
· TDM
· FDM
· single-seq CDM
· single-seq CDM+TDM
· single-seq CDM+FDM
· FFS whether legacy WUS is the common WUS for all new UEs or only a part of new UEs.
· For multiplexing between different Rel-16 UE-group WUS, further evaluate and down select among the following options
· single-seq CDM
· FDM
· single-seq CDM+TDM
· single-seq CDM+FDM
· Note: At least the maximum number of UE groups should be considered.
· Further study false detection (cross/auto correlation) performance properties for the following designs:
· legacy WUS + cover codes,
· legacy WUS + shifted scrambling codes,
· legacy WUS + phase shift + cover code + scrambling bits
· Including combinations of phase shift, cover code, and/or scrambling bits
· Other designs are not precluded.
[bookmark: OLE_LINK4]For NB-IoT:
· A common WUS is used to wake up all group WUS UEs monitoring the same WUS (time-frequency) resource if more than one UE group occupies the WUS resource.
· FFS: Whether the above is also applicable for Rel-15 WUS UEs
· FFS: Whether to support waking up a subset of all WUS UE groups
· Multiplexing of Rel-16 UE groups is down-selected among
· Single sequence CDM is supported
· Single sequence CDM is supported and TDM can be additionally applied
· FFS: Configurability of CDM and/or TDM
· For multiplexing between Rel-16 UE-group WUS and Rel-15 legacy WUS within the same carrier, further evaluate and down select among the following options
· Single sequence CDM is supported
· Single sequence CDM is supported and TDM can be additionally applied
· FFS: Configurability of CDM and/or TDM
FFS whether legacy WUS is the common WUS for all new UEs or only a part of new UE
RAN1#96 agreements:
For eMTC:
· UE-group MWUS sequence is same as UE-group NWUS per RB and the same sequence is repeated in two PRBs.
· If configured, a common WUS is used to wake up all group WUS UEs monitoring the same WUS (time-frequency) resource if more than one UE group occupies the WUS resource.
· FFS: Whether the above is also applicable for Rel-15 WUS UEs
· FFS: Whether to additionally support the feature of waking up a subset of all WUS UE groups
· Single-sequence CDM is used in the same WUS resource if more than one UE group is configured to monitor the WUS resource.
· Select one among the following:
· Up to 2 orthogonal WUS resources may be configured in time domain 
· Up to 2 orthogonal WUS resources may be configured in frequency domain 
· Up to 2 orthogonal WUS resources may be configured per dimension (up to 4 orthogonal WUS resources in total)
· Up to 2 orthogonal WUS resources may be configured either in time or frequency domain (only one of the two can be configured)
· FFS: whether one of the WUS resources is configured to be shared with legacy WUS
For NB-IoT:
· A UE is required to monitor WUS(s) in only one WUS (T/F) resource location
· Up to 2 time-multiplexed WUS resources may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.


In RAN2 #104~#105 meeting, based on the contributions, the following agreements have been achieved:
	RAN2#104 agreements:
· Further discuss the benefit and feasibility of using service based parameters for grouping in addition to UE-ID 
· Can discuss group distribution further, including Rel-15/16 mechanism interaction, once we know more about number of groups and more about the grouping solution (e.g. service based parameters) 
· RAN2 will decide on the UE to WUS group mapping
RAN2#105 agreements:
· Feasibility of the solution based on the following attributes for deriving the service-type for GWUS can be studied further.
·     Paging Probability
·     Mobility 


[bookmark: OLE_LINK1]In this contribution, we will discuss the benefit and feasibility of the attributes (paging probability/mobility) for deriving the service-type for WUS grouping and give our proposals.
Discussion
2.1 Feasibility analysis on attributes of paging probability/mobility
Generally the attributes for deriving the service-type for WUS grouping should be discussed and determined by SA2. But one possible way which RAN2 can handle may be to consider some parameters in Subscription Based UE Differentiation Information. 
[bookmark: OLE_LINK5]For paging probability, for example, the parameter Periodic Time might have some relationship with it and could be taken as or for deriving the paging probability. However, as it is not clear whether this parameter is related to UL traffic or DL traffic or both, it is still difficult for network to estimate the paging probability based on the value of Periodic Time. The inaccuracy anyway would exist compared with the actual value. Then the benefit of the so-called paging probability-based WUS grouping would be hard to predict.     
For mobility characteristic, the IE Stationary Indication in Subscription Based UE Differentiation Information may provide some clues. But as it cannot reflect the change of UE’s mobility characteristic in time, it is still difficult for network to rely on it to exactly determine the WUS-based paging policy. 
Observation 1: For paging probability or mobility characteristic, generally it should be discussed and determined by SA2. One possible way which RAN2 can handle may be to refer to some parameters in Subscription Based UE Differentiation Information. But even this is the case, it’s still difficult for network to exactly derive the service-type for WUS grouping and determine the WUS-based paging policy.

2.2 Performance analysis on service based UE grouping for WUS 
In the following section, we give some quantitative analysis on the false wake-up rate caused by paging probability-based WUS grouping and mobility-based WUS grouping with comparison with the false wake-up rate caused by random grouping.
Based on the evaluation examples listed in ANNEX A.1, we summary the comparison between false wake-up rates caused by paging probability-based WUS grouping and random WUS grouping in the following Table 1. 
Here in paging scenario 1, with probability-based WUS grouping, 8 UEs are equally divided into two group. The first group with low paging probability, e.g., Pa=1%, the second group with relative high paging probability, e.g., Pb=10%. With random WUS grouping, 8 UEs are randomly divided into two groups. In each group, there are both UEs with low paging probability and high paging probability. In paging scenario 2, the only difference from paging scenario 1 is the two probability-based WUS groups have different number of UEs, e.g., the WUS group with low paging probability have more UEs. In paging scenario 3, the only difference from paging scenario 1 is the WUS group with high paging probability have more UEs.
Table 1 Comparison between Paging probability-based grouping and Random grouping
	                            Grouping  mechanism


Paging scenario              False wake rate
	Paging probability based grouping
False wake rate (Pp) for a certain UE
	Random grouping
False wake rate (Pr) for a certain UE
	comparison

	
	UE1 (Pp1)
	UE7 (Pp7)
	UE1(Pr1)
	UE7(Pr7)
	

	Paging_probability :
Pa=1%(UE1,UE2,UE3,UE4)
Pb=10%(UE5,UE6,UE7,UE8)
Random group:
(UE1,UE2,UE5,UE6);
(UE3,UE4,UE7,UE8)
	0.0294
	0.2439
	0.1961
	0.1061
	For a UE with low paging probability: Pp1<Pr1
For a UE with high paging probability: Pp7>Pr7

	Paging_probability :
Pa=1%(UE1,UE2,UE3,UE4,UE5,UE6)
Pb=10%(UE7,UE8)
Random group:
(UE1,UE2,UE3,UE7);
(UE3,UE4,UE6,UE8)
	0.0485
	0.09
	0.1167
	0.0267
	For a UE with low paging probability: Pp1<Pr1
For a UE with high paging probability: Pp7>Pr7

	Paging_probability :
Pa=10%(UE1,UE2,UE3,UE4,UE5,UE6)
Pb=1%(UE7,UE8)
Random group:
(UE1,UE2,UE3,UE7);
(UE3,UE4,UE6,UE8)
	0.3685
	0.099
	0.1783
	0.2683
	For a UE with low paging probability: Pp1>Pr1
For a UE with high paging probability: Pp7<Pr7


Based on the comparison in the Table 1, we have the following observation:
Observation 2: For the mechanism of paging probability based grouping, only part of UEs with low paging probability show the benefit of reduced false wake rate for paging probability-based WUS grouping, while some UEs with high paging probability show the disadvantage of increased false wake rate for paging probability-based WUS grouping.
Based on the evaluation examples listed in ANNEX A.2, we summary the comparison between false wake-up rates caused by mobility-based WUS grouping and random WUS grouping in the following Table 2-a. 
The detailed explanation can be seen in ANNEX A.2, for example, here in paging scenario 1, with mobility-based WUS grouping, 8 UEs in a certain cell A are equally divided into two groups with same paging probability and different mobility characteristic. The first group with low mobility, the second group with relative high mobility, e.g., the UEs in this group have 40% probability to camp on this cell A and 60% probability to camp on another cell B. In paging scenario 2, the main difference from paging scenario 1 is the two mobility-based WUS groups have different number of UEs, e.g., the WUS group with low mobility have more UEs. In paging scenario 3, the difference from paging scenario 1 is the WUS group with high mobility have more UEs.
Table 2-a Comparison between Mobility based grouping and Random grouping
	                                           
Grouping  mechanism

                                   False wake rate
Paging scenario
	Mobility-based grouping
False wake rate (Pm) for a certain UE
	Random grouping
False wake rate (Pr) for a certain UE
	comparison

	
	UE1 (Pm1)
	UE7 (Pm7)
	UE1(Pr1)
	UE7(Pr7)
	

	Cell A:
Pa=10%,Stationary(UE1,UE2,UE3,UE4)
Pb=10%, Mobile(40% chance of camping on Cell A) (UE5,UE6,UE7,UE8);
Cell B:  
Pa=10%,Stationary(UE01,UE02,UE03,UE04)
Pb=10%, Mobile(60% chance of camping on Cell B) ((UE5,UE6,UE7,UE8);
Mobility grouping result:
Cell A:(UE1 ~ UE4),(UE5~UE8)
Cell B:(UE01 ~ UE04),(UE5~UE8)
Random grouping result:
Cell A:(UE1,UE3,UE5,UE7), (UE2,UE4,UE6,UE8)
Cell B:(UE01,UE03,UE5,UE7), (UE02,UE04,UE6,UE8)
	0.2439
	0.2439
	0.2439
	0.2439
	For a UE with low mobility: Pm1=Pr1
For a UE with high mobility: Pm7=Pr7

	Cell A:
Pa=10%,Stationary(UE1,UE2,UE3,UE4,UE5,UE6)
Pb=10%, Mobile(40% chance of camping on Cell A) (UE7,UE8);
Cell B:  
Pa=10%,Stationary(UE01,UE02,UE03,UE04,UE05,UE06)
Pb=10%, Mobile(60% chance of camping on Cell B) (UE7,UE8);
Mobility grouping result:
Cell A:(UE1 ~ UE6),(UE7,UE8)
Cell B:(UE01 ~ UE06),(UE7,UE8)
Random grouping result:
Cell A:(UE1,UE3,UE5,UE7), (UE2,UE4,UE6,UE8)
Cell B:(UE01,UE03,UE05,UE7), (UE02,UE04,UE06,UE8)
	0.3685
	0.09
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	0.2439
	For a UE with low mobility: Pm1>Pr1
For a UE with high mobility: Pm7<Pr7

	Cell A:
Pa=10%,Stationary(UE1,UE2)
Pb=10%, Mobile(40% chance of camping on Cell A) (UE3,UE4,UE5,UE6,UE7,UE8);
Cell B:  
Pa=10%,Stationary(UE01,UE02)
Pb=10%, Mobile(60% chance of camping on Cell B) (UE3,UE4,UE5,UE6,UE7,UE8);
Mobility grouping result:
Cell A:(UE1, UE2),(UE3~UE8)
Cell B:(UE01,UE02),(UE3~UE8)
Random grouping result:
Cell A:(UE1,UE3,UE5,UE7), (UE2,UE4,UE6,UE8)
Cell B:(UE01,UE3,UE5,UE7), (UE02,UE4,UE6,UE8)
	0.09
	0.3685
	0.2439
	0.2439
	For a UE with low mobility: Pm1<Pr1
For a UE with high mobility: Pm7>Pr7


With the above comparison in Table 2-a, we have the following observation:
Observation 3: With the same paging probability for different mobility-based groups, no matter what’s the UE’s mobility characteristic, the UE in a group with less UEs could show the benefit of reduced false wake rate for mobility-based WUS grouping, while the UE in a group with more UEs shows the disadvantage of increased false wake rate for mobility-based WUS grouping.
In the following Table 2-b and Table 2-c, we change the conditions a little and perform further comparison between false wake-up rates caused by mobility-based WUS grouping and random WUS grouping. The main differences in Table 2-b and Table 2-c from the conditions in Table 2-a are that the paging probabilities are different for the low mobility group and high mobility group. In Table 2-b, the group with low mobility has higher paging probability. In Table 2-c, the group with high mobility has higher paging probability.
Table 2-b Comparison between Mobility based grouping and Random grouping
	                                           
Grouping  mechanism

                                   False wake rate
Paging scenario
	Mobility-based grouping
False wake rate (Pm) for a certain UE
	Random grouping
False wake rate (Pr) for a certain UE
	comparison

	
	UE1 (Pm1)
	UE7 (Pm7)
	UE1(Pr1)
	UE7(Pr7)
	

	Cell A:
Pa=10%,Stationary(UE1,UE2,UE3,UE4)
Pb=1%, Mobile(40% chance of camping on Cell A) (UE5,UE6,UE7,UE8);
Cell B:  
Pa=10%,Stationary(UE01,UE02,UE03,UE04)
Pb=1%, Mobile(60% chance of camping on Cell B) ((UE5,UE6,UE7,UE8);
Mobility grouping result:
Cell A:(UE1 ~ UE4),(UE5~UE8)
Cell B:(UE01 ~ UE04),(UE5~UE8)
Random grouping result:
Cell A:(UE1,UE3,UE5,UE7), (UE2,UE4,UE6,UE8)
Cell B:(UE01,UE03,UE5,UE7), (UE02,UE04,UE6,UE8)
	0.2439
	0.0294
	0.1061
	0.1961

	For a UE with low mobility: Pm1>Pr1
For a UE with high mobility: Pm7<Pr7

	Cell A:
Pa=10%,Stationary(UE1,UE2,UE3,UE4,UE5,UE6)
Pb=1%, Mobile(40% chance of camping on Cell A) (UE7,UE8);
Cell B:  
Pa=10%,Stationary(UE01,UE02,UE03,UE04,UE05,UE06)
Pb=1%, Mobile(60% chance of camping on Cell B) (UE7,UE8);
Mobility grouping result:
Cell A:(UE1 ~ UE6),(UE7,UE8)
Cell B:(UE01 ~ UE06),(UE7,UE8)
Random grouping result:
Cell A:(UE1,UE3,UE5,UE7), (UE2,UE4,UE6,UE8)
Cell B:(UE01,UE03,UE05,UE7), (UE02,UE04,UE06,UE8)
	0.3685
	0.099
	0.1783
	0.2683
	For a UE with low mobility: Pm1>Pr1
For a UE with high mobility: Pm7<Pr7

	Cell A:
Pa=10%,Stationary(UE1,UE2)
Pb=1%, Mobile(40% chance of camping on Cell A) (UE3,UE4,UE5,UE6,UE7,UE8);
Cell B:  
Pa=10%,Stationary(UE01,UE02)
Pb=1%, Mobile(60% chance of camping on Cell B) (UE3,UE4,UE5,UE6,UE7,UE8);
Mobility grouping result:
Cell A:(UE1, UE2),(UE3~UE8)
Cell B:(UE01,UE02),(UE3~UE8)
Random grouping result:
Cell A:(UE1,UE3,UE5,UE7), (UE2,UE4,UE6,UE8)
Cell B:(UE01,UE3,UE5,UE7), (UE02,UE4,UE6,UE8)
	0.09
	0.0485
	0.0267
	0.1167

	For a UE with low mobility: Pm1>Pr1
For a UE with high mobility: Pm7<Pr7



Table 2-c Comparison between Mobility based grouping and Random grouping
	                                           
Grouping  mechanism

                                   False wake rate
Paging scenario
	Mobility-based grouping
False wake rate (Pm) for a certain UE
	Random grouping
False wake rate (Pr) for a certain UE
	comparison

	
	UE1 (Pm1)
	UE7 (Pm7)
	UE1(Pr1)
	UE7(Pr7)
	

	Cell A:
Pa=1%,Stationary(UE1,UE2,UE3,UE4)
Pb=10%, Mobile(40% chance of camping on Cell A) (UE5,UE6,UE7,UE8);
Cell B:  
Pa=1%,Stationary(UE01,UE02,UE03,UE04)
Pb=10%, Mobile(60% chance of camping on Cell B) ((UE5,UE6,UE7,UE8);
Mobility grouping result:
Cell A:(UE1 ~ UE4),(UE5~UE8)
Cell B:(UE01 ~ UE04),(UE5~UE8)
Random grouping result:
Cell A:(UE1,UE3,UE5,UE7), (UE2,UE4,UE6,UE8)
Cell B:(UE01,UE03,UE5,UE7), (UE02,UE04,UE6,UE8)
	0.0294
	0.2439
	0.1961
	0.1061

	For a UE with low mobility: Pm1<Pr1
For a UE with high mobility: Pm7>Pr7

	Cell A:
Pa=1%,Stationary(UE1,UE2,UE3,UE4,UE5,UE6)
Pb=10%, Mobile(40% chance of camping on Cell A) (UE7,UE8);
Cell B:  
Pa=1%,Stationary(UE01,UE02,UE03,UE04,UE05,UE06)
Pb=10%, Mobile(60% chance of camping on Cell B) (UE7,UE8);
Mobility grouping result:
Cell A:(UE1 ~ UE6),(UE7,UE8)
Cell B:(UE01 ~ UE06),(UE7,UE8)
Random grouping result:
Cell A:(UE1,UE3,UE5,UE7), (UE2,UE4,UE6,UE8)
Cell B:(UE01,UE03,UE05,UE7), (UE02,UE04,UE06,UE8)
	0.0485
	0.09
	0.1167
	0.0267
	For a UE with low mobility: Pm1<Pr1
For a UE with high mobility: Pm7>Pr7

	Cell A:
Pa=1%,Stationary(UE1,UE2)
Pb=10%, Mobile(40% chance of camping on Cell A) (UE3,UE4,UE5,UE6,UE7,UE8);
Cell B:  
Pa=1%,Stationary(UE01,UE02)
Pb=10%, Mobile(60% chance of camping on Cell B) (UE3,UE4,UE5,UE6,UE7,UE8);
Mobility grouping result:
Cell A:(UE1, UE2),(UE3~UE8)
Cell B:(UE01,UE02),(UE3~UE8)
Random grouping result:
Cell A:(UE1,UE3,UE5,UE7), (UE2,UE4,UE6,UE8)
Cell B:(UE01,UE3,UE5,UE7), (UE02,UE4,UE6,UE8)
	0.099
	0.3685
	0.2682
	0.1782

	For a UE with low mobility: Pm1<Pr1
For a UE with high mobility: Pm7>Pr7


With the above comparison in Table 2-b and 2-c, we have the following observation:
Observation 4: With the different paging probability for different mobility-based groups, no matter what’s the UE’s mobility characteristic, the UE in a group with low paging probability shows the benefit of reduced false wake rate for mobility-based WUS grouping, while the UE in a group with high paging probability shows the disadvantage of increased false wake rate for mobility-based WUS grouping. In a summary, the mobility character has very small impact on the performance of the mobility-based WUS grouping scheme.
Based on the comparison in the Table 1, Table 2-a, 2-b and 2-c, it is easy to find that paging probability-based grouping cannot simultaneously bring benefit for both low paging probability UEs and high paging probability UEs. Also mobility-based WUS grouping cannot simultaneously bring benefit for both mobile UEs and stationary UEs at the same time in any paging scenarios. 
With the above analysis and observations, and in order to ensure the performance and fairness of all UEs, we have the following proposal:
[bookmark: OLE_LINK9]Proposal 1: Service based grouping should not be supported.
Conclusions
In this contribution, we make the following observations and proposals:
Observation 1: For paging probability or mobility characteristic, generally it should be discussed and determined by SA2. One possible way which RAN2 can handle may be to refer to some parameters in Subscription Based UE Differentiation Information. But even this is the case, it’s still difficult for network to exactly derive the service-type for WUS grouping and determine the WUS-based paging policy.
Observation 2: For the mechanism of paging probability based grouping, only part of UEs with low paging probability show the benefit of reduced false wake rate for paging probability-based WUS grouping, while some UEs with high paging probability show the disadvantage of increased false wake rate for paging probability-based WUS grouping.
Observation 3: With the same paging probability for different mobility-based groups, no matter what’s the UE’s mobility characteristic, the UE in a group with less UEs could show the benefit of reduced false wake rate for mobility-based WUS grouping, while the UE in a group with more UEs shows the disadvantage of increased false wake rate for mobility-based WUS grouping.
Observation 4: With the different paging probability for different mobility-based groups, no matter what’s the UE’s mobility characteristic, the UE in a group with low paging probability shows the benefit of reduced false wake rate for mobility-based WUS grouping, while the UE in a group with high paging probability shows the disadvantage of increased false wake rate for mobility-based WUS grouping. In a summary, the mobility character has very small impact on the performance of the mobility-based WUS grouping scheme.

Proposal 1: Service based grouping should not be supported.
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A.1 Calculation for Table 1
False wake-up rate calculation for paging probability-based grouping and random grouping in Table 1:
Paging scenario 1:
Paging probability-based grouping: Pa=1%(UE1,UE2,UE3,UE4); Pb=10%(UE5,UE6,UE7,UE8)
· False wake-up rate for UE1 (e.g., the UE1 has no paging and at least one of UE2, UE3 and UE4 need to be paged: P_UE1=(1-Pa)*(1-(1-Pa)3)=0.9 9*(1-(0.99)3)=0.0294
· False wake-up rate for UE7 (e.g., the UE7 has no paging and at least one of UE5, UE6 and UE8 need to be paged: P_UE7=(1-Pb)*(1-(1-Pb)3)= 0.9 *(1-(0.9)3)=0.2439
Random grouping: (UE1,UE2,UE5,UE6); (UE3,UE4,UE7,UE8)
· False wake-up rate for UE1(e.g., the UE1 has no paging and at least one of UE2, UE5 and UE6 need to be paged:    P_UE1=(1-Pa)*(1-((1-Pa)*(1-Pb)*(1-Pb)))=0.99*(1-0.99*0.9*0.9)=0.1961
· False wake-up rate for UE7(e.g., the UE7 has no paging and at least one of UE3, UE4 and UE8 need to be paged:  P_UE7=(1-Pb)*(1-((1-Pa)*(1-Pa)*(1-Pb))) =0.9*(1-0.99*0.99*0.9) =0.1061
Paging scenario 2:
Paging probability-based grouping: Pa=1%(UE1,UE2,UE3,UE4,UE5,UE6); Pb=10%(UE7,UE8)
· False wake-up rate for UE1(e.g., the UE1 has no paging and at least one of UE2, UE3, UE4, UE5 and UE6 need to be paged:   P_UE1=((1-Pa)*(1-(1-Pa)5)=0.99 *(1-(0.99)5)=0.0485
· False wake-up rate for UE7(e.g., the UE7 has no paging and UE8 need to be paged:    
P_UE7=(1-Pb)*Pb = 0.9 *0.1=0.09
Random group: (UE1,UE2,UE3,UE7); (UE4,UE5,UE6,UE8):
· False wake-up rate for UE1(e.g., the UE1 has no paging and at least one of UE2, UE3 and UE7 need to be paged:   P_UE1=(1-Pa)*(1-(1-Pa)2*(1-Pb)) =0.99 *(1-(0.99)2*0.9)=0.1167
· False wake-up rate for UE7(e.g., the UE7 has no paging and at least one of UE1, UE2 and UE3 need to be paged:  P_UE7=(1-Pb)*(1-(1-Pa)3)= 0.9 * (1-0.99) 3 =0.0267
Paging scenario 3:
Paging probability-based grouping: Pa=10%(UE1,UE2,UE3,UE4,UE5,UE6); Pb=1%(UE7,UE8)
· False wake-up rate for UE1(e.g., the UE1 has no paging and at least one of UE2, UE3, UE4, UE5 and UE6 need to be paged: P_UE1=((1-Pa)*(1-(1-Pa)5)=0.9 *(1-(0.9)5)=0.3685
· False wake-up rate for UE7(e.g., the UE7 has no paging and UE8 need to be paged:  
P_UE7=(1-Pb)*Pb  = 0.99 *0.01=0.099
Random group: (UE1,UE2,UE3,UE7); (UE4,UE5,UE6,UE8)
· False wake-up rate for UE1(e.g., the UE1 has no paging and at least one of UE2, UE3 and UE7 need to be paged:   P_UE1=(1-Pa)*(1-(1-Pa)2*(1-Pb)) =0.9 *(1-(0.9)2*0.99)=0.1783
· False wake-up rate for UE7(e.g., the UE7 has no paging and at least one of UE1, UE2 and UE3 need to be paged:
P_UE7=(1-Pb)*(1-(1-Pa)3)= 0.99* (1-0.93)=0.2683

A.2 Calculation for Table 2-a
False wake-up rate calculation for mobility-based grouping and random grouping in Table 2-a:
Paging scenario 1:
Cell A:
Pa=10%,Stationary(UE1,UE2,UE3,UE4)
Pb=10%, Mobile(40% chance of camping on Cell A) (UE5,UE6,UE7,UE8);
Cell B:  
Pa=10%,Stationary(UE01,UE02,UE03,UE04)
Pb=10%, Mobile(60% chance of camping on Cell B) ((UE5,UE6,UE7,UE8);
Mobility grouping result:
Cell A:(UE1 ~ UE4),(UE5~UE8)
Cell B:(UE01 ~ UE04),(UE5~UE8)
Random grouping result:
Cell A:(UE1,UE3,UE5,UE7), (UE2,UE4,UE6,UE8)
Cell B:(UE01,UE03,UE5,UE7), (UE02,UE04,UE6,UE8)

For mobility-based grouping:
· False wake-up rate for UE1(e.g., the UE1 has no paging and at least one of UE2, UE3 and UE4 need to be paged: P_UE1=(1-pa)*(1-(1-pa)3)=0.9*(1-0.93)=0.2439
· [bookmark: OLE_LINK7]False wake-up rate for UE7(e.g., the UE7 has no paging and at least one of UE5, UE6 and UE8 need to be paged:  P_UE7=(1-Pb)*(1-(1-Pb)3)=0.2439
For random grouping:
· False wake-up rate for UE1(e.g., the UE1 has no paging and at least one of UE3, UE5 and UE7 need to be paged:  P_UE1=(1-pa)*(1-(1-pa)*(1-Pb)2)=0.9*(1-0.92*0.9)=0.2439
· False wake-up rate for UE7(e.g., the UE7 has no paging and at least one of UE1, UE3, UE5, UE01, UE03 and UE05 need to be paged: P_UE7=40%*(1-Pb)*(1-(1-Pa)2*(1-Pb))+60%*(1-Pb)*(1-(1-Pa)2*(1-Pb))=0.2439
Paging scenario 2:
Cell A:
Pa=10%,Stationary(UE1,UE2,UE3,UE4,UE5,UE6)
Pb=10%, Mobile(40% chance of camping on Cell A) (UE7,UE8);
Cell B:  
Pa=10%,Stationary(UE01,UE02,UE03,UE04,UE05,UE06)
Pb=10%, Mobile(60% chance of camping on Cell B) (UE7,UE8);
Mobility grouping result:
Cell A:(UE1 ~ UE6),(UE7,UE8)
Cell B:(UE01 ~ UE06),(UE7,UE8)
Random grouping result:
Cell A:(UE1,UE3,UE5,UE7), (UE2,UE4,UE6,UE8)
Cell B:(UE01,UE03,UE05,UE7), (UE02,UE04,UE06,UE8)

For mobility-based grouping:
· False wake-up rate for UE1(e.g., the UE1 has no paging and at least one of UE2, UE3, UE4,UE5 and UE6 need to be paged:   P_UE1=(1-Pa)*(1-(1-Pa)5)=0.9*(1-0.95)=0.3685
· False wake-up rate for UE7(e.g., the UE7 has no paging and UE8 has the needing of paging ): P_UE7=(1-Pb)*Pb=0.09
For random grouping:
· False wake-up rate for UE1(e.g., the UE1 has no paging and at least one of UE3, UE5 and UE7 need to be paged:  P_UE1=(1-Pa)*(1-(1-Pa)2*(1-Pb))=0.9*(1-0.92*0.9)=0.2439
· False wake-up rate for UE7(e.g., the UE7 has no Paging and at least one of UE1, UE3, UE5,UE01,UE03 and UE05 need to be paged: P_UE7=40%*(1-Pb)*(1-(1-Pa)3)+60%*(1-Pb)*(1-(1-Pa)3)=0.9*(1-0.93)=0.2439
Paging scenario 3:
Cell A:
Pa=10%,Stationary(UE1,UE2)
Pb=10%, Mobile(40% chance of camping on Cell A) (UE3,UE4,UE5,UE6,UE7,UE8);
Cell B:  
Pa=10%,Stationary(UE01,UE02)
Pb=10%, Mobile(60% chance of camping on Cell B) (UE3,UE4,UE5,UE6,UE7,UE8);
Mobility grouping result:
Cell A:(UE1, UE2),(UE3~UE8)
Cell B:(UE01,UE02),(UE3~UE8)
Random grouping result:
Cell A:(UE1,UE3,UE5,UE7), (UE2,UE4,UE6,UE8)
Cell B:(UE01,UE3,UE5,UE7), (UE02,UE4,UE6,UE8)
For mobility-based grouping:
· False wake-up rate for UE1(e.g., the UE1 has no paging and  UE2 has the needing of paging ):   P_UE1=(1-Pa)*Pa=0.9*0.1=0.09
· False wake-up rate for UE7(e.g., the UE7 has no paging and UE3,UE5,UE6 and UE8 need to be paged: P_UE7=(1-Pb)*(1-(1-Pb)5)=0.9*(1-0.95)=0.3685
For random grouping:
· False wake-up rate for UE1(e.g., the UE1 has no paging and at least one of UE3, UE5 and UE7 need to be paged:   P_UE1=(1-Pa)*(1-(1-Pb)3)=0.9*(1-0.93)=0.2439
· False wake-up rate for UE7(e.g., the UE7 has no paging and at least one of UE1, UE01, UE3 and UE5 need to be paged:  P_UE7=40%*(1-Pb)*(1-(1-Pa)*(1-Pb)2)+60%*(1-Pb)*(1-(1-Pa)*(1-Pb)2)=0.9*(1-0.9*0.92)==0.2439

A.3 Calculation for Table 2-b
Paging scenario 1:
Cell A:
Pa=10%,Stationary(UE1,UE2,UE3,UE4)
Pb=1%, Mobile(40% chance of camping on Cell A) (UE5,UE6,UE7,UE8);
Cell B:  
Pa=10%,Stationary(UE01,UE02,UE03,UE04)
Pb=1%, Mobile(60% chance of camping on Cell B) ((UE5,UE6,UE7,UE8);
Mobility grouping result:
Cell A:(UE1 ~ UE4),(UE5~UE8)
Cell B:(UE01 ~ UE04),(UE5~UE8)
Random grouping result:
Cell A:(UE1,UE3,UE5,UE7), (UE2,UE4,UE6,UE8)
Cell B:(UE01,UE03,UE5,UE7), (UE02,UE04,UE6,UE8)

For mobility-based grouping:
· False wake-up rate for UE1(e.g., the UE1 has no paging and at least one of UE2, UE3 and UE4 need to be paged:   P_UE1=(1-Pa)*(1-(1-Pa)3)=0.9*(1-0.93)=0.2439
· False wake-up rate for UE7(e.g., the UE7 has no paging and at least one of UE5, UE6 and UE8 need to be paged:   P_UE7=(1-Pb)*(1-(1-Pb)3)=0.0294
For random grouping:
· False wake-up rate for UE1(e.g., the UE1 has no paging and at least one of UE3, UE5 and UE7 need to be paged:   P_UE1=(1-Pa)*(1-(1-Pa)*(1-Pb)2)=0.9*(1-0.992*0.9)=0.1061
· False wake-up rate for UE7(e.g., the UE7 has no paging and at least one of UE1, UE3, UE5, UE01, UE03 and UE5 need to be paged: P_UE7=40%*(1-Pb)*(1-(1-Pa)2*(1-Pb))+60%*(1-Pb)*(1-(1-Pa)2*(1-Pb))=0.99*(1-0.92*0.99)=0.1961
Paging scenario 2:
Cell A:
Pa=10%,Stationary(UE1,UE2,UE3,UE4,UE5,UE6)
Pb=1%, Mobile(40% chance of camping on Cell A) (UE7,UE8);
Cell B:  
Pa=10%,Stationary(UE01,UE02,UE03,UE04,UE05,UE06)
Pb=1%, Mobile(60% chance of camping on Cell B) (UE7,UE8);
Mobility grouping result:
Cell A:(UE1 ~ UE6),(UE7,UE8)
Cell B:(UE01 ~ UE06),(UE7,UE8)
Random grouping result:
Cell A:(UE1,UE3,UE5,UE7), (UE2,UE4,UE6,UE8)
Cell B:(UE01,UE03,UE05,UE7), (UE02,UE04,UE06,UE8)
For mobility-based grouping:
· False wake-up rate for UE1(e.g., the UE1 has no paging and at least one of UE2, UE3 , UE4,UE5 and UE6 need to be paged:   P_UE1=(1-Pa)*(1-(1-Pa)5)=0.9*(1-0.95)=0.3685
· False wake-up rate for UE7(e.g., the UE7 has no paging and UE8 has the needing of paging ): P_UE7=(1-Pb)*Pb=0.099
For random grouping:
· False wake-up rate for UE1(e.g., the UE1 has no paging and at least one of UE3, UE5 and UE7 need to be paged:   P_UE1=(1-Pa)*(1-(1-Pa)2*(1-Pb))=0.9*(1-0.92*0.99)=0.1783
· False wake-up rate for UE7(e.g., the UE7 has no paging and at least one of UE1, UE3, UE5,UE01,UE03 and UE05 need to be paged: P_UE7=40%*(1-Pb)*(1-(1-Pa)3)+60%*(1-Pb)*(1-(1-Pa)3)=0.99*(1-0.93)=0.2683
Paging scenario 3:
Cell A:
Pa=10%,Stationary(UE1,UE2)
Pb=1%, Mobile(40% chance of camping on Cell A) (UE3,UE4,UE5,UE6,UE7,UE8);
Cell B:  
Pa=10%,Stationary(UE01,UE02)
Pb=1%, Mobile(60% chance of camping on Cell B) (UE3,UE4,UE5,UE6,UE7,UE8);
Mobility grouping result:
Cell A:(UE1, UE2),(UE3~UE8)
Cell B:(UE01,UE02),(UE3~UE8)
Random grouping result:
Cell A:(UE1,UE3,UE5,UE7), (UE2,UE4,UE6,UE8)
Cell B:(UE01,UE3,UE5,UE7), (UE02,UE4,UE6,UE8)

For mobility-based grouping:
· False wake-up rate for UE1(e.g., the UE1 has no paging and  UE2 has the needing of paging ):   P_UE1=(1-Pa)*Pa=0.9*0.1=0.09
· False wake-up rate for UE7(e.g., the UE7 has no paging and UE3,UE5,UE6 and UE8 need to be paged: P_UE7=(1-Pb)*(1-(1-Pb)5)=0.99*(1-0.995)=0.0485
For random grouping:
· False wake-up rate for UE1(e.g., the UE1 has no paging and at least one of UE3, UE5 and UE7 need to be paged:   P_UE1=(1-Pa)*(1-(1-Pb)3)=0.9*(1-0.993)=0.0267
· False wake-up rate for UE7(e.g., the UE7 has no paging and at least one of UE1, UE01, UE3 and UE5 need to be paged: P_UE7=40%*(1-Pb)*(1-(1-Pa)*(1-Pb)2)+60%*(1-Pb)*(1-(1-Pa)*(1-Pb)2)=0.99*(1-0.9*0.992)=0.1167

A.4 Calculation for Table 2-c
Paging scenario 1:
Cell A:
Pa=1%,Stationary(UE1,UE2,UE3,UE4)
Pb=10%, Mobile(40% chance of camping on Cell A) (UE5,UE6,UE7,UE8);
Cell B:  
Pa=1%,Stationary(UE01,UE02,UE03,UE04)
Pb=10%, Mobile(60% chance of camping on Cell B) ((UE5,UE6,UE7,UE8);
Mobility grouping result:
Cell A:(UE1 ~ UE4),(UE5~UE8)
Cell B:(UE01 ~ UE04),(UE5~UE8)
Random grouping result:
Cell A:(UE1,UE3,UE5,UE7), (UE2,UE4,UE6,UE8)
Cell B:(UE01,UE03,UE5,UE7), (UE02,UE04,UE6,UE8)
For mobility-based grouping:
· False wake-up rate for UE1(e.g., the UE1 has no paging and at least one of UE2, UE3 and UE4 need to be paged:   P_UE1=(1-Pa)*(1-(1-Pa)3)=0.99*(1-0.993)=0.0294
· False wake-up rate for UE7(e.g., the UE7 has no paging and at least one of UE5, UE6 and UE8 need to be paged:   P_UE7=(1-Pb)*(1-(1-Pb)3)=0.2439
For random grouping:
· False wake-up rate for UE1(e.g., the UE1 has no paging and at least one of UE3, UE5 and UE7 need to be paged:   P_UE1=(1-Pa)*(1-(1-Pa)*(1-Pb)2)=0.99*(1-0.92*0.99)=0.1961
· False wake-up rate for UE7(e.g., the UE7 has no paging and at least one of UE1, UE3, UE5,UE01 , UE03 and UE5 need to be paged: P_UE7=40%*(1-Pb)*(1-(1-Pa)2*(1-Pb))+60%*(1-Pb)*(1-(1-Pa)2*(1-Pb))=0.9*(1-0.992*0.9)=0.1061
Paging scenario 2:
Cell A:
Pa=1%,Stationary(UE1,UE2,UE3,UE4,UE5,UE6)
Pb=10%, Mobile(40% chance of camping on Cell A) (UE7,UE8);
Cell B:  
Pa=1%,Stationary(UE01,UE02,UE03,UE04,UE05,UE06)
Pb=10%, Mobile(60% chance of camping on Cell B) (UE7,UE8);
Mobility grouping result:
Cell A:(UE1 ~ UE6),(UE7,UE8)
Cell B:(UE01 ~ UE06),(UE7,UE8)
Random grouping result:
Cell A:(UE1,UE3,UE5,UE7), (UE2,UE4,UE6,UE8)
Cell B:(UE01,UE03,UE05,UE7), (UE02,UE04,UE06,UE8)
For mobility-based grouping:
· False wake-up rate for UE1(e.g., the UE1 has no paging and at least one of UE2, UE3 , UE4,UE5 and UE6 need to be paged:   P_UE1=(1-Pa)*(1-(1-Pa)5)=0.99*(1-0.995)=0.0485
· False wake-up rate for UE7(e.g., the UE7 has no paging and UE8 has the needing of paging ): P_UE7=(1-Pb)*Pb=0.09
For random grouping:
· False wake-up rate for UE1(e.g., the UE1 has no paging and at least one of UE3, UE5 and UE7 need to be paged:   P_UE1=(1-Pa)*(1-(1-Pa)2*(1-Pb))=0.99*(1-0.992*0.9)=0.1167
· False wake-up rate for UE7(e.g., the UE7 has no paging and at least one of UE1, UE3, UE5,UE01,UE03 and UE05 need to be paged:  P_UE7=40%*(1-Pb)*(1-(1-Pa)3)+60%*(1-Pb)*(1-(1-Pa)3)=0.9*(1-0.993)=0.0267

Paging scenario 3:
Cell A:
Pa=1%,Stationary(UE1,UE2)
Pb=10%, Mobile(40% chance of camping on Cell A) (UE3,UE4,UE5,UE6,UE7,UE8);
Cell B:  
Pa=1%,Stationary(UE01,UE02)
Pb=10%, Mobile(60% chance of camping on Cell B) (UE3,UE4,UE5,UE6,UE7,UE8);
Mobility grouping result:
Cell A:(UE1, UE2),(UE3~UE8)
Cell B:(UE01,UE02),(UE3~UE8)
Random grouping result:
Cell A:(UE1,UE3,UE5,UE7), (UE2,UE4,UE6,UE8)
Cell B:(UE01,UE3,UE5,UE7), (UE02,UE4,UE6,UE8)
For mobility-based grouping:
· False wake-up rate for UE1(e.g., the UE1 has no paging and  UE2 has the needing of paging ):   P_UE1=(1-Pa)*Pa=0.99*0.01=0.099
· False wake-up rate for UE7(e.g., the UE7 has no paging and UE3,UE5,UE6 and UE8 need to be paged: P_UE7=(1-Pb)*(1-(1-Pb)5)=0.9*(1-0.95)=0.3685
For random grouping:
· False wake-up rate for UE1(e.g., the UE1 has no paging and at least one of UE3, UE5 and UE7 need to be paged:   P_UE1=(1-Pa)*(1-(1-Pb)3)=0.99*(1-0.93)=0.2682
· False wake-up rate for UE7(e.g., the UE7 has no paging and at least one of UE1, UE01, UE3 and UE5 need to be paged: P_UE7=40%*(1-Pb)*(1-(1-Pa)*(1-Pb)2)+60%*(1-Pb)*(1-(1-Pa)*(1-Pb)2)=0.9*(1-0.99*0.92)=0.1782
