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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]


[bookmark: OLE_LINK1]In RAN2 #104~#105bis 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 
RAN2#105bis agreements:
· Additional grouping based on DRX/eDRX is not supported
· Coverage based grouping is not supported
· Additional grouping based on gap is not supported
· FFS whether number of groups can depend on gap duration.


In this contribution, we will further discuss the feasibility of the service-based (paging probability/mobility) WUS grouping and give our proposals.
Discussion
2.1 Feasibility analysis
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. 
[bookmark: OLE_LINK7]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 
In the ANNEX, 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 comparison between false wake-up rates caused by paging probability-based WUS grouping and random WUS grouping listed in ANNEX A.1 (Table 1), it is easy to find 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 comparison between false wake-up rates caused by mobility-based WUS grouping with the same paging probability and random WUS grouping listed in ANNEX A.2 (Table 2-a), it is easy to find 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.
Based on the comparison between false wake-up rates caused by mobility-based WUS grouping with the different paging probability and random WUS grouping listed in ANNEX A.3, A.4 (Table 2-b, 2-c), it is easy to find 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.
Observation 2: 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. 
[bookmark: OLE_LINK9]2.3 Specification impacts analysis
According to the following RAN1 agreements:
· [bookmark: OLE_LINK15]Per default, all gaps use the same group WUS configuration regarding number of groups and group WUS resource allocation.
· Optionally, eDRX gap(s) may be configured individually if separate from the DRX gap.
We understand RAN2 needs to provide both common configuration of number of WUS groups for all gap types and separate configuration of number of WUS groups for separate gap types. If service based grouping is further supported, the related configuration should be made based on such agreed grouping strategy. 
Two possible combined grouping schemes could be as following:
Option 1: firstly based on UE-ID, and then service type.
For the first layer UE-ID based random grouping, the number of groups should be configured for all gaps or per gap. Then, the number of groups for further service-based grouping should be configured per group that are grouped based on UE-ID. 
Option 2: firstly based on service type, and then UE-ID. 
For the first layer service based grouping, the number of groups should be configured for all gaps or per gap. Then, the number of groups for further UE-ID based random grouping should be configured per group that are grouped based on service type. 
It can be seen that no matter which option might be used for several levels grouping, it would cause complicated modification on the existing WUS configuration framework.
Observation 3: If service-based grouping is supported, it would cause complicated modification on the existing WUS configuration framework.
Moreover, in RAN2 ongoing discussion, multiplexing of Rel-16 UE groups is down-selected among several schemes, including CDM scheme. For multiplexing between the two service type groups, if the CDM option is selected, a common WUS might be provided for the two groups WUS. However, considering these two service type groups usually have different paging probability, it obviously would cause increased false wake-up rate. In order to avoid such issue, the CDM option might have to be excluded. If this happens, the existing agreements in RAN1 may need to be re-considered and it would need extra discussion in RAN1. 
Observation 4: If service based grouping is supported, CDM option for multiplexing of Rel-16 UE groups may need to be excluded in order avoid increasing false wake-up rate. This may cause extra discussion on RAN1 existing agreements.
With the above analysis and observations, and in order to ensure the grouping performance and fairness of all UEs, we have the following proposal:
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: 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. 
Observation 3: If service-based grouping is supported, it would cause complicated modification on the existing WUS configuration framework.
Observation 4: If service based grouping is supported, CDM option for multiplexing of Rel-16 UE groups may need to be excluded in order avoid increasing false wake-up rate. This may cause extra discussion on RAN1 existing agreements.
Proposal 1: Service based grouping should not be supported.
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ANNEX
A.1 
Table 1 Comparison between Paging probability-based grouping and Random grouping
	                            Grouping  mechanism

False wake rate
Paging scenarios             
	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



A.2 
Table 2-a Comparison between Mobility based grouping and Random grouping
	                                           
Grouping  mechanism

                                   False wake rate
Paging scenarios
	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
	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)
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



A.3 
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



A.4 
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



