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1. Introduction
In RAN1#98bis meeting, we have the following agreements for 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.

[bookmark: _Hlk525744129]In this contribution, we further discuss the remaining issues of UE-group MWUS.
2. [bookmark: _Hlk510734227][bookmark: _Hlk525744498]Configuration of WUS resources
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

The patterns for Rel-16 WUS resource configuration should include the following information
· Potential WUS resource location in time/freq domain
· Number M and indices  of WUS resources for Rel-16 WUS
· If Rel-15 WUS is enabled
· If WUS resource ID=0 is shared by Rel-16 WUS, M=1~4 and 
· Otherwise, M=1~3 and 
· If Rel-15 WUS is not enabled, M=1~4 and 

Figure 1 illustrates the possible WUS resource location in time/freq domain, where the WUS resource with  (WUS0) could be in freqLocation={n0, n2 or n4}. If the WUS0 has ‘freqLocation=n0’ and ‘freqLocation=n4’, Pattern 1 and Pattern 3 should be used respectively to make 4 WUS resources consecutive to each other in TDM/FDM. If WUS0 has ‘freqLocation=n2’, there may be two options (i.e., Pattern 2-1 and Pattern 2-2) and we select Pattern 2-1 as Pattern 2 for sake of simplicity.
[image: ]
Figure 1 Patterns for 4 WUS resources in time/freq
Table 1 summarizes the location of Rel-16 group WUS resource Pattern 1, 2 or 3, where the time slot for Rel-15 WUS is the time duration of [w0, g0-1]; and another time slot is defined as [w0’,w0-1], starting from w0’ subframe and ends in subframe w0-1 with w0’ as the latest subframe such that there is a total of valid DL subframe for the configured WUS max duration in the maximum duration. 

Table 1 Patterns for Rel-16 WUS resource time/freq location
	WUS resource location
	Pattern 1
	Pattern 2
	Pattern 3

	m=0
	freqLocation
	n0
	n2
	n4

	
	timeLocation
	[w0, g0-1]

	m=1
	freqLocation
	n2 
	n4
	n2

	
	timeLocation
	[w0, g0-1]

	m=2
	freqLocation
	n0
	n2
	n4

	
	timeLocation
	[w0’, w0-1]

	m=3
	freqLocation
	n2 
	n4
	n2

	
	timeLocation
	[w0’, w0-1]



Case 1: Rel-15 WUS is enabled
If Rel-15 WUS is enabled, the legacy WUS freqLocation {n0, n2, or n4} in Rel-15 WUS configuration can be used to indicate Pattern 1, 2 or 3 implicitly.
The number of WUS resources can be M={1, 2, 3 or 4}, which requires 2bits. Based on the defined WUS resource pattern, the WUS resource index increases in frequency first and time second manner relative to the legacy WUS resource. 
In addition, 1bit is used to indicate whether legacy WUS resource 0 is allocated to group WUS or not.
The WUS resource ID  for Rel-16 WUS are defined as follows: 
· If  is used for Rel-16 WUS, M=1, 2, 3 or 4 and ;
· Otherwise, M=1, 2, or 3 and .

Therefore, the WUS resource location pattern is implicitly indicated by legacy WUS freqLocation and additional 3bits to let UE know M and  for Rel-16 WUS resources. 
Case 2: Rel-15 WUS is not enabled
If Rel-15 WUS is disabled, all the resources can be used for Rel-16 WUS. We only need 2bits to indicate M=1, 2, 3 or 4 and  for Rel-16 WUS resources. 
But, for the WUS resource location pattern,  
· If we introduce the 2-bit freqLocation for WUS resource 0 for Rel-16 WUS (similar as that of Rel-15 WUS), we can select WUS resource location Pattern 1, 2 and 3 in Table 1.
· Otherwise, introduce 1bit only to select Pattern 1 or Pattern 2 considering the similarity of 4-resource location for Pattern 2 and 3.
In summary, we propose
Proposal 1: 3bits are used for Rel-16 WUS resource configuration:
· 2 bits for WUS resource number M for Rel-16 WUS
· If Rel-15 WUS is enabled, 
· Legacy WUS freqLocation to indicate WUS resource location Pattern 1, 2 or 3 in Table 1. 
· 1bit to indicate whether  is used for Rel-16 WUS 
· If Yes,   with M=1, 2, 3 or 4;
· Otherwise,  with M=1, 2, or 3.
· Otherwise,   with M=1, 2, 3 or 4
· 1 bit to select WUS resource location Pattern 1 or 2 in Table 1.
3. [bookmark: _Hlk16532444][bookmark: _Hlk8133432][bookmark: _Hlk7786305]Alternating WUS groups among WUS resources 
In RAN1#98 meeting, we have the following agreement:
Agreement
The specification supports configurability to enable UE group to be changed among WUS resources.
· FFS: Details including implicit/explict signalling

[bookmark: _Hlk23926588]Only if there are more than one WUS resource allocated for Rel-16 WUS, e.g., M>1, the UE group(s) can be enabled to monitor the resource with predefined WUS resource index order in different POs. If no explicit signalling, the UE group hopping can be enabled when M>1. However, if using implicit indication, it may not be able to disable the UE group hopping easily.
Proposal 2: Alternating WUS groups can be enabled when there are more than one WUS resource for Rel-16 WUS.

In RAN1#98bis meeting, we have the following agreement for how to alternate UE group:
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

Based on discussion, we have following alternatives:
Alt1: Alternating all UE groups per WUS resource together (change WUS resource ID for scrambling only)
Alt2: Alternating only min number of UE groups (change WUS resource ID for scrambling and UE group ID for phase of group WUS)

Alt1 and Alt2 are equivalent if we have same number of UE groups per WUS resource. But if group number per WUS resource is different, 
· Alt1 is simple (just change resource ID and keep same phase) and does not change the UE groups allocated in one WUS resource. Especially when considering service-based UE grouping, the UE groups with different services will have different paging probability. It is more reasonable to allocate different WUS resources for the UE groups with different services; otherwise, the UE group with high paging probability may wake up the UE group with low paging probability by using common WUS in same WUS resource. Alt1 will not change UE groups within WUS resource.
· Alt2 is more complicated (change resource ID for c_init and UE group ID for phase). However, Alt2 may mix the UE groups with different services/paging probability in same WUS resource after moving only a minimum number of UE groups.
· There is some concern that Alt1 may have potential impact on legacy WUS UEs if a larger number of UE groups move into the legacy WUS resource and legacy WUS as the common WUS will wake up Rel-15 and Rel-16 WUS UEs together. But even Alt2 makes sure that the number of UE groups in each WUS resource unchanged after hopping. It does not mean the number of UEs and the paging probability for Rel-16 WUS sharing with Rel-15 WUS will be constant. For example, a UE group with more UEs (or high paging probability) hopping to legacy WUS resource will have negative impact on legacy WUS UEs as well when using legacy WUS as common.

Therefore, we propose
Proposal 3: At least when legacy WUS is not configured as common WUS, all UE groups per WUS resource are alternated together.

For the equation of alternating UE groups among M WUS resources for Rel-16 WUS, Alt1 can be implemented as (Alt2 is given in Appendix)
 
where
·  is used to determine initial WUS resource ID of a UE group
· SFN is the radio frame index, H_SFN is the hyper-SFN
·   should be common for counting the PO index here so as to keep the UEs in same group monitoring same  when alternating (UE monitors the WUS based on UE-specific DRX if configured). 
· Offset is used for randomization considering UE-specific DRX.

We are comparing different parameters for  and offset as:
· [bookmark: _Hlk23846797]Option A:  and offset=0
· Option B:  and offset=0
· Option C:  and   
where  is cell-specific DRX cycle measured in radio frames,  is min UE-specific DRX cycle measured in radio frames, and   is the least common multiple of  and . For BL/CE IDLE UEs, the cell-specific DRX is broadcasted in SIB but UEs can be configured with UE-specific DRX. We think it is possible to allow UEs with different UE-specific DRX cycles to be grouped together. The UE with smaller DRX cycles would wake up more frequently to detect WUS. Here,  can be predefined as the min value of UE-specific DRX cycles without additional signalling.
Assuming UE1, UE2, and UE3 are in same group, UE1, 2, 3 have UE-specific DRX cycle of 1.28ms, 2.56ms and 5.12ms, corresponding to ,  and . The cell-specific DRX cycle is set as   We compare Option A, B and C in Table 2 for alternating UE group with  and H_SFN=0 among  WUS resources.

Table 2 Monitored WUS resource when alternating UE group among M WUS resources
(a) M=4
	H_SFN=0 
	SFN
	0
	128
	256
	384
	512
	640
	768
	896
	1024
	1152
	1280
	1408
	1536
	1664
	1792
	1920
	2048
	2176
	2304
	2432
	2560

	Option A
T=512, offset=0


	UE1
	0
	0
	0
	0
	1
	1
	1
	1
	2
	2
	2
	2
	3
	3
	3
	3
	0
	0
	0
	0
	1

	
	UE2
	0
	 
	0
	 
	1
	 
	1
	 
	2
	 
	2
	 
	3
	 
	3
	 
	0
	 
	0
	 
	1

	
	UE3
	0
	 
	 
	 
	1
	 
	 
	 
	2
	 
	 
	 
	3
	 
	 
	 
	0
	 
	 
	 
	1

	Option B
T=128, offset=0


	UE1
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3
	0

	
	UE2
	0
	 
	2
	 
	0
	 
	2
	 
	0
	 
	2
	 
	0
	 
	2
	 
	0
	 
	2
	 
	0

	
	UE3
	0
	 
	 
	 
	0
	 
	 
	 
	0
	 
	 
	 
	0
	 
	 
	 
	0
	 
	 
	 
	0

	Option C
T=128, offset=4T

	UE1
	0
	1
	2
	3
	1
	2
	3
	0
	2
	3
	0
	1
	3
	0
	1
	2
	0
	1
	2
	3
	1

	
	UE2
	0
	 
	2
	 
	1
	 
	3
	 
	2
	 
	0
	 
	3
	 
	1
	 
	0
	 
	2
	 
	1

	
	UE3
	0
	 
	 
	 
	1
	 
	 
	 
	2
	 
	 
	 
	3
	 
	 
	 
	0
	 
	 
	 
	1


(b) M=3
	H_SFN=0 
	SFN
	0
	128
	256
	384
	512
	640
	768
	896
	1024
	1152
	1280
	1408
	1536
	1664
	1792
	1920
	2048
	2176
	2304
	2432
	2560

	Option A
T=512, offset=0


	UE1
	0
	0
	0
	0
	1
	1
	1
	1
	2
	2
	2
	2
	0
	0
	0
	0
	1
	1
	1
	1
	2

	
	UE2
	0
	 
	0
	 
	1
	 
	1
	 
	2
	 
	2
	 
	0
	 
	0
	 
	1
	 
	1
	 
	2

	
	UE3
	0
	 
	 
	 
	1
	 
	 
	 
	2
	 
	 
	 
	0
	 
	 
	 
	1
	 
	 
	 
	2

	Option B
T=128, offset=0


	UE1
	0
	1
	2
	0
	1
	2
	0
	1
	2
	0
	1
	2
	0
	1
	2
	0
	1
	2
	0
	1
	2

	
	UE2
	0
	 
	2
	 
	1
	 
	0
	 
	2
	 
	1
	 
	0
	 
	2
	 
	1
	 
	0
	 
	2

	
	UE3
	0
	 
	 
	 
	1
	 
	 
	 
	2
	 
	 
	 
	0
	 
	 
	 
	1
	 
	 
	 
	2

	Option C
T=128, offset=12T

	UE1
	0
	1
	2
	0
	1
	2
	0
	1
	2
	0
	1
	2
	1
	2
	0
	1
	2
	0
	1
	2
	0

	
	UE2
	0
	 
	2
	 
	1
	 
	0
	 
	2
	 
	1
	 
	1
	 
	0
	 
	2
	 
	1
	 
	0

	
	UE3
	0
	 
	 
	 
	1
	 
	 
	 
	2
	 
	 
	 
	1
	 
	 
	 
	2
	 
	 
	 
	0


(c) M=2
	H_SFN=0 
	SFN
	0
	128
	256
	384
	512
	640
	768
	896
	1024
	1152
	1280
	1408
	1536
	1664
	1792
	1920
	2048
	2176
	2304
	2432
	2560

	Option A
T=512, offset=0


	UE1
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0
	1

	
	UE2
	0
	 
	0
	 
	1
	 
	1
	 
	0
	 
	0
	 
	1
	 
	1
	 
	0
	 
	0
	 
	1

	
	UE3
	0
	 
	 
	 
	1
	 
	 
	 
	0
	 
	 
	 
	1
	 
	 
	 
	0
	 
	 
	 
	1

	Option B
T=128, offset=0


	UE1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0

	
	UE2
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	0
	 
	0

	
	UE3
	0
	 
	 
	 
	0
	 
	 
	 
	0
	 
	 
	 
	0
	 
	 
	 
	0
	 
	 
	 
	0

	Option C
T=128, offset=4T

	UE1
	0
	1
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1

	
	UE2
	0
	 
	0
	 
	1
	 
	1
	 
	0
	 
	0
	 
	1
	 
	1
	 
	0
	 
	0
	 
	1

	
	UE3
	0
	 
	 
	 
	1
	 
	 
	 
	0
	 
	 
	 
	1
	 
	 
	 
	0
	 
	 
	 
	1



Observations:
· Option A sets the hopping periodicity as  for all the UEs but does not allow hopping for UE with smaller  within .
· Option B sets the hopping periodicity as  but does not allow hopping for UE with  when M=2 or 4.
· Option C sets the hopping periodicity as  and adds offset, which maximizes the hopping randomization for all UEs with different T every WUS detection.
· Beneficial especially for eDRX UEs with a limited number of DRXs in PTW duration.

Based on the observation, we propose Option C as
Proposal 4: Alternating all UE groups per WUS resource together among M>1 WUS resources for Rel-16 WUS is based on
  
·  is based on initial WUS resource ID of a UE group as  if  is used for group WUS or , otherwise.
· SFN is the radio frame index, H_SFN is the hyper-SFN
·  is cell-specific DRX cycle measured in radio frames
·  is min UE-specific DRX cycle measured in radio frames

4. Group WUS sequence
In last RAN1 meeting, we have confirmed the WA for scrambling initialization of WUS sequences. 
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.

However, the detailed equation is still FFS. 
For NB-IoT WUS sequence, 
[bookmark: _Toc21948644]Agreement
The group WUS base sequence is initialized according to

where  is given by the resource configuration.

For MTC WUS sequence, the previous agreement is 
Agreement
UE-group MWUS sequence is same as UE-group NWUS per RB and the same sequence is repeated in two PRBs.

Therefore, we propose to apply same equation to MWUS scrambling initialization seed.
Proposal 5: The group WUS base sequence is initialized according to

where  is WUS resource ID.
5. Summary
The proposals made in this contribution are summarized below.
For group WUS multiplexing:
[bookmark: _Hlk23926621]Proposal 1: 3bits are used for Rel-16 WUS resource configuration:
· 2bits for WUS resource number M for Rel-16 WUS
· If Rel-15 WUS is enabled, 
· Legacy WUS freqLocation to indicate WUS resource location Pattern 1, 2 or 3 in Table 1. 
· 1bit to indicate whether  is used for Rel-16 WUS 
· If Yes,   with M=1, 2, 3 or 4;
· Otherwise,  with M=1, 2, or 3.
· Otherwise,   with M=1, 2, 3 or 4
· 1 bit to select WUS resource location Pattern 1 or 2 in Table 1.

Proposal 2: Alternating WUS groups can be enabled when there are more than one WUS resource for Rel-16 WUS.
Proposal 3: At least when legacy WUS is not configured as common WUS, all UE groups per WUS resource are alternated together.
Proposal 4: Alternating all UE groups per WUS resource together among M>1 WUS resources for Rel-16 WUS is based on
·   
·  is based on initial WUS resource ID of a UE group as  if  is used for group WUS or , otherwise.
· [bookmark: _GoBack]SFN is the radio frame index, H_SFN is the hyper-SFN
·  is cell-specific DRX cycle measured in radio frames
·  is min UE-specific DRX cycle measured in radio frames

For group WUS sequence:
Proposal 5: The group WUS base sequence is initialized according to

where  is WUS resource ID.
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Appendix:
For the equation of alternating UE groups among M WUS resources for Rel-16 WUS, Alt2 can be implemented as

where
·  is the initial UE group index
·   and 
·  is the number of UE groups in resource m defined as
· 
·   and offset are
· Option A:  and offset=0
· Option B:  and offset=0
· Option C:  and    
where  is cell-specific DRX cycle measured in radio frames and  is min UE-specific DRX cycle measured in radio frames.  can be predefined as the min value of UE-specific DRX cycles without additional signalling.
Assuming UE1, UE2, and UE3 are in same group, UE1, 2, 3 have UE-specific DRX cycle of 1.28ms, 2.56ms and 5.12ms, corresponding to ,  and . The cell-specific DRX cycle is set as   We compare Option A, B and C in Table 3 for alternating UE group with  and H_SFN=0 among  WUS resources.

Observations:
· Option A sets the hopping periodicity as  for all the UEs but does not allow hopping for UE with smaller  within .
· Option B sets the hopping periodicity as  but does not allow hopping for UE with DRX cycle larger than .
· Option C sets the hopping periodicity as  and adds offset, which allows hopping for all UEs with different T every WUS detection.
· It is beneficial to support UE group randomization especially considering eDRX UEs with a limited number of DRXs in PTW duration.

Table 3 Patterns for alternating UE group among M=4 WUS resources with different number of UE groups (Gtotal=24, Gmin=4)
	[bookmark: _Hlk23496525]H_SFN=0 
	SFN
	0
	128
	256
	384
	512
	640
	768
	896
	1024
	1152
	1280
	1408
	1536
	1664
	1792
	1920
	2048
	2176
	2304
	2432
	2560
	2688
	2816
	2944
	3072
	3200
	3328
	3456
	3584

	Option A
T=512, 
offset=0

	UE1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	2
	2
	2
	2
	3
	3
	3
	3
	3
	3
	3
	3
	0
	0
	0
	0
	1

	
	UE2
	0
	 
	0
	 
	1
	 
	1
	 
	1
	 
	1
	 
	2
	 
	2
	 
	3
	 
	3
	 
	3
	 
	3
	 
	0
	 
	0
	 
	1

	
	UE3
	0
	 
	 
	 
	1
	 
	 
	 
	1
	 
	 
	 
	2
	 
	 
	 
	3
	 
	 
	 
	3
	 
	 
	 
	0
	 
	 
	 
	1

	Option B
T=128, 
offset=0

	UE1
	0
	1
	1
	2
	3
	3
	0
	1
	1
	2
	3
	3
	0
	1
	1
	2
	3
	3
	0
	1
	1
	2
	3
	3
	0
	1
	1
	2
	3

	
	UE2
	0
	 
	1
	 
	3
	 
	0
	 
	1
	 
	3
	 
	0
	 
	1
	 
	3
	 
	0
	 
	1
	 
	3
	 
	0
	 
	1
	 
	3

	
	UE3
	0
	 
	 
	 
	3
	 
	 
	 
	1
	 
	 
	 
	0
	 
	 
	 
	3
	 
	 
	 
	1
	 
	 
	 
	0
	 
	 
	 
	3

	Option C
T=128, 
offset=12T
	UE1
	0
	1
	1
	2
	3
	3
	0
	1
	1
	2
	3
	3
	1
	1
	2
	3
	3
	0
	1
	1
	2
	3
	3
	0
	1
	2
	3
	3
	0

	
	UE2
	0
	 
	1
	 
	3
	 
	0
	 
	1
	 
	3
	 
	1
	 
	2
	 
	3
	 
	1
	 
	2
	 
	3
	 
	1
	 
	3
	 
	0

	
	UE3
	0
	 
	 
	 
	3
	 
	 
	 
	1
	 
	 
	 
	1
	 
	 
	 
	3
	 
	 
	 
	2
	 
	 
	 
	1
	 
	 
	 
	0
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