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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#98bis [1], the following agreements were made with respect to UE-group WUS.
	Agreement
The configured WUS resources associated with same gap are consecutive in time/frequency domain.
· The WUS resources in the same time resource are consecutive to each other in the frequency domain.
· When the WUS resources are configured in two time resources, the WUS resources in first time resource are consecutive to a WUS resource in the second time resource.

Agreement
· Choose supported patterns for WUS resource configuration considering the location of legacy WUS resource if Rel-15 WUS is configured.
· No more than 3 bits are used for configuration of the pattern for WUS resource
· FFS: Considering the location of legacy WUS resource if Rel-15 WUS is configured

Agreement
For group WUS resources sharing WUS gap, per default, the number of UE groups per resource is configured for all group WUS resources. Optionally, the number of UE groups for each WUS resource can be configured individually.

Agreement
The number of UE groups per WUS resource is 1, 2, 4, or 8

Agreement
The optional eDRX configurability and configuration values regarding the number of consecutive POs a WUS is associated same as in Rel-15 legacy WU

Agreement
Design pre-defined method to allow alternating UE group to monitor different WUS resources at different POs implicitly.
· Consider both cell-specific DRX cycle and UE-specific DRX cycle.
· At least the following parameters are used in the pre-defined method
· H_SFN of current PO
· DRX cycle

Agreement


The group WUS resource that may coincide with legacy WUS is assigned  and the other group WUS resource are using .
· 
 are used to differentiate different scrambling sequences for WUS sequence.

Agreement
The following working assumption is confirmed: 
To differentiate WUS sequences in different WUS resources, 2-bit MSB of scrambling initialization c_init is supported

Agreement
Regarding group WUS configuration for different gap durations (DRX, short eDRX and long eDRX), the following applies:
· If eDRX long gap is configured but no group WUS configuration for that gap is provided, the eDRX short gap configuration shall be used if configured, otherwise the DRX configuration shall be used.
· If eDRX short gap is configured but no group WUS configuration for that gap is provided, the DRX gap configuration shall be used.


In this paper, we give a detailed analysis on several aspects of UE-group WUS.
Joint UE Group ID across WUS resources
In RAN1#98bis [1], it has been agreed that for group WUS resources sharing WUS gap, per default, the number of UE groups per resource is configured for all group WUS resources. Optionally, the number of UE groups for each WUS resource can be configured individually.
For K orthogonal WUS resources that are configured, let  denote the configured number of UE groups at each WUS resource.
For simplicity, assume that the UE group ID is jointly numbered across the configured WUS resources, e.g.,  when the group is mapped to the first WUS resource, and  when the group is mapped to the second WUS resource, and so on. The benefit of jointly numbering across the multiple WUS resources is that once the UE obtains the UE group ID , the UE knows where to monitor the WUS sequence and no extra signaling on WUS resource index is required.
[bookmark: _Ref20326634]Proposal 1: The UE group ID is jointly numbered across the configured WUS resources.
UE group changing among WUS resources
In RAN1#98bis [1], it has been agreed that design pre-defined method to allow alternating UE group to monitor different WUS resources at different POs implicitly.
The motivation of UE group alternating is to solve the following two unfairness:
· Unfairness#1: Different false alarm probability
· When common WUS is configured to be legacy WUS in legacy WUS resource, R16 UEs in legacy WUS resource may have higher false alarm probability than R16 UEs in the new WUS resource
· Unfairness#2: Different wake up time
· R16 UEs in a TDM-ed new WUS resource have to wake up earlier than R16 UEs in legacy WUS resource
[bookmark: _Ref23256329]Observation 1: UE group alternating among WUS resources aims to solve two unfairness: different false alarm probability, and different wake up time.
In RAN1#98bis [1], it has been agreed that optionally, the number of UE groups for each WUS resource can be configured individually. It is also agreed that the number of UE groups per WUS resource is 1, 2, 4, or 8.
Regarding the configuration for number of UE groups, the number of possible combinations is 4*4*4*4=256. It is a common case, i.e., of all combinations, that the number of UE groups for each WUS resource is different.
Therefore, it is proposed that the UE group alternating method shall consider the case where the number of UE groups for each WUS resource is different since it is a common case, i.e., 98% of all combinations.
[bookmark: _Ref23256416]Proposal 2: The UE group alternating method shall consider the case where the number of UE groups for each WUS resource is different since it is a common case, i.e., 98% of all combinations.
Table 1 is an illustration of UE group changing among WUS resources. In Table 1, we assume 4 orthogonal WUS resources are configured. Let  denote the resource ID of each WUS resource. Assume the configured number of UE groups at each WUS resource are 4/8/4/8, i.e., . Thus, there are 24 UE groups in total, and let  denote the group ID. 
Assume that at some PO (e.g., PO#n), the mapping of group ID to WUS resource is: group ID {0,1,2,3} are mapped to the first WUS resource, group ID {4,5,6,7,8,9,10,11} are mapped to the second WUS resource, group ID {12,13,14,15} are mapped to the third WUS resource, and other groups are mapped to the fourth WUS resource. Then if UE group changing among WUS resources is enabled, a straightforward alternating pattern would be like this: as shown in Table 1, group ID {0,1,2,3} will be mapped to the second WUS resource at PO#n+1 and PO#n+2, and the third WUS resource at PO#n+3, and so on. As a result, each UE group has equal chance of being mapped to each WUS resource, thus achieving fairness among UE groups.
[bookmark: _Ref20388049]Table 1 Illustration of UE group changing among WUS resources
	WUS resource ID 
	
	
	
	

	Configured number of UE groups at each WUS resource
	
	
	
	

	Group ID at PO#n
	{0,1,2,3}
	{4,5,6,7,8,9,10,11}
	{12,13,14,15}
	{16,17,18,19,20,21,22,23}

	Group ID at PO#n+1
	{20,21,22,23}
	{0,1,2,3,4,5,6,7}
	{8,9,10,11}
	{12,13,14,15,16,17,18,19}

	Group ID at PO#n+2
	{16,17,18,19}
	{20,21,22,23,0,1,2,3}
	{4,5,6,7}
	{8,9,10,11,12,13,14,15}

	Group ID at PO#n+3
	{12,13,14,15}
	{16,17,18,19,20,21,22,23}
	{0,1,2,3}
	{4,5,6,7,8,9,10,11}

	Group ID at PO#n+4
	{8,9,10,11}
	{12,13,14,15,16,17,18,19}
	{20,21,22,23}
	{0,1,2,3,4,5,6,7}

	Group ID at PO#n+5
	{4,5,6,7}
	{8,9,10,11,12,13,14,15}
	{16,17,18,19}
	{20,21,22,23,0,1,2,3}

	Group ID at PO#n+6
	{0,1,2,3}
	{4,5,6,7,8,9,10,11}
	{12,13,14,15}
	{16,17,18,19,20,21,22,23}



The UE grouping illustrated in Table 1 can be performed in the following steps:
· Step 1: Calculate a temporary variable x based on

· : configured number of UE groups at each WUS resource assuming K orthogonal WUS resources are configured
· : the minimum of configured number of UE groups of each WUS resource
· : the sum of configured number of UE groups of each WUS resource
· : UE group ID
· SFN, HyperSFN: System Frame Number and Hyper-SFN of the current PO
·  cell-specific DRX cycle
· Step 2: Obtain the WUS resource ID based on x and the “x-to WUS resource” mapping table in Table 2
[bookmark: _Ref19728663]Table 2 “x-to WUS resource” mapping table
	x
	: WUS resource ID

	
	: the first WUS resource

	
	: the second WUS resource

	
	: the third WUS resource

	

	: the fourth WUS resource



It can be easily verified that the proposed 2-step mechanism can achieve UE group changing among WUS resources as shown in Table 1.
[bookmark: _Ref23273654][bookmark: _Ref20326636]Proposal 3: The UE group changing among WUS resources is supported via a 2-step mechanism as follows:
· Step 1: Calculate a temporary variable x based on

· : configured number of UE groups at each WUS resource assuming K orthogonal WUS resources are configured
· : the minimum of configured number of UE groups of each WUS resource
· : the sum of configured number of UE groups of each WUS resource
· : UE group ID
· SFN, HyperSFN: System Frame Number and Hyper-SFN of the current PO
·  cell-specific DRX cycle
· Step 2: Obtain the WUS resource ID based on x and the “x-to WUS resource” mapping table in Table 2

The proposed 2-step mechanism (as in Proposal 3) considers mainly the cell specific DRX cycle, and it can also achieve fairness for UEs with UE-specific DRX cycle, which is exemplified as below.
For example, assume the cell-specific DRX cycle is 512 frames, i.e., . Assume a UE is configured with a UE-specific DRX cycle of 128 frames. Then, the UE with UE-specific DRX cycle will be with the same WUS resource ID at multiple occasions within a larger cell-specific DRX cycle, as shown in Table 3. As a results, all the UEs, no matter they are configured with cell or UE specific DRX cycle, will still have the same probability of being assigned to each WUS resource, thus the proposed 2-step mechanism can still achieve fairness among UE groups.
[bookmark: _Ref23255562]Table 3 WUS resource ID for a UE with cell or UE specific DRX cycle
	SFN
	0
	128
	256
	384
	512
	640
	768
	896

	WUS resource ID for UE with cell-specific DRX cycle of 512 frames
	0
	-
	-
	-
	1
	-
	-
	-

	WUS resource ID for UE with UE-specific DRX cycle of 128 frames
	0
	0
	0
	0
	1
	1
	1
	1


[bookmark: _Ref23256338]Observation 2: Under the proposed 2-step mechanism (i.e., Proposal 3), all the UEs, no matter they are configured with cell or UE specific DRX cycle, will still have the same probability of being assigned to each WUS resource, thus achieving fairness among UE groups.

UE grouping
In RAN1#94bis [7], it has been agreed that from a RAN1, perspective, UE grouping is based on at least UE ID or some function of UE ID.
UE-ID-based grouping is a straightforward way of grouping, which is quite similar to the determination of PO. Other rules, such as service-based grouping, can also be considered. For example, UEs with the same or similar paging traffic pattern can be grouped together to further reduce the false alarm probability. 
Generally, how to group UEs is a RAN2 issue. So RAN1 can wait for the conclusion of the RAN2 discussions on UE grouping, and discuss the RAN1 impact as needed.
Conclusion
The contribution discusses the design of group WUS. Some observations and proposals based on the analysis in the contribution are summarized as following.
Proposal 1: The UE group ID is jointly numbered across the configured WUS resources.
Proposal 2: The UE group alternating method shall consider the case where the number of UE groups for each WUS resource is different since it is a common case, i.e., 98% of all combinations.
Proposal 3: The UE group changing among WUS resources is supported via a 2-step mechanism as follows:
· Step 1: Calculate a temporary variable x based on

· : configured number of UE groups at each WUS resource assuming K orthogonal WUS resources are configured
· : the minimum of configured number of UE groups of each WUS resource
· : the sum of configured number of UE groups of each WUS resource
· : UE group ID
· SFN, HyperSFN: System Frame Number and Hyper-SFN of the current PO
·  cell-specific DRX cycle
· Step 2: Obtain the WUS resource ID based on x and the “x-to WUS resource” mapping table in Table 2

Observation 1: UE group alternating among WUS resources aims to solve two unfairness: different false alarm probability, and different wake up time.
Observation 2: Under the proposed 2-step mechanism (i.e., Proposal 3), all the UEs, no matter they are configured with cell or UE specific DRX cycle, will still have the same probability of being assigned to each WUS resource, thus achieving fairness among UE groups.
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