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1. Introduction
In RAN1#98 meeting, we have the following WA for UE-group NWUS: 
[bookmark: _Hlk525744129]Working Assumption
The sequence resulting from g = 126 is the common WUS unless common WUS is configured to be legacy WUS
[bookmark: _Toc17884986]
[bookmark: _Toc21948630]In RAN1#98bis meeting, we have the following agreements for UE-group NWUS: 
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
[bookmark: _Toc21948638]The optional eDRX configurability and configuration values regarding the number of consecutive POs a WUS is associated same as in Rel-15 legacy WUS.

Agreement
[bookmark: _Toc21948643]The group WUS resource that may coincide with legacy WUS is assigned  and the preceding group WUS resource is assigned .

[bookmark: _Toc21948644]Agreement
The group WUS base sequence is initialized according to
[image: ]
where  is given by the resource configuration

[bookmark: _Toc22132176]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.

Agreement
[bookmark: _Toc22132171]Design pre-defined method to allow alternating UE group to monitor different WUS resources at different POs implicitly.
· [bookmark: _Toc22132172]FFS: Consider both cell-specific DRX cycle and UE-specific DRX cycle.
· [bookmark: _Toc22132173]At least the following parameters are used in the pre-defined method
· [bookmark: _Toc22132174]H_SFN of current PO
· [bookmark: _Toc22132175]DRX cycle
[bookmark: _Hlk510734227][bookmark: _Hlk525744498]In this contribution, we further discuss the remaining issues of UE-group NWUS.
2. Alternating WUS groups between WUS resources
[bookmark: _Hlk8133432][bookmark: _Hlk7786305]In RAN1#98 meeting, we have the following agreement:
Agreement
The specification supports configurability to enable UE group to alternate between WUS resources

[bookmark: _Hlk23926588]Only if there are two WUS resources allocated for Rel-16 WUS, the UE group(s) can be enabled to monitor the resource with predefined WUS resource index order in different POs. If no explicit signalling, UE group hopping is enabled when M=2.
Proposal 1: Alternating WUS groups is enabled when there are two WUS resources 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 2: 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 between 2 WUS resources for Rel-16 WUS, Alt1 can be implemented as
 
where
·  is the initial WUS resource ID index for 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 and  is min UE-specific DRX cycle measured in radio frames. For NB-IoT IDLE UEs, the cell-specific DRX is broadcasted in SIB. in RAN#85, a new objective was added to introduce UE-specific DRX cycle to reduce paging latency. 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 1 for alternating UE group with  and H_SFN=0 between two WUS resources.

Table 1 Monitored WUS resource when alternating UE group between 2 WUS resources
	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 DRX cycle larger than .
· Option C sets the hopping periodicity as  and adds offset, which can maximize 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 3: Alternating UE groups per WUS resource together between two WUS resources for Rel-16 WUS is based on
  
·  is the initial WUS resource ID index for a UE group
· 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
3. Group WUS sequence
[bookmark: _Hlk16849521][bookmark: _Hlk536723891]	For the common WUS sequence, we have compared the cross-correlation of  with  and  as well as g=0 for legacy WUS in [2]. There is no concern on the correlation performance. Therefore, we propose 
Proposal 4: Confirm the WA:
· The sequence resulting from g = 126 is the common WUS unless common WUS is configured to be legacy WUS.

4. Summary
[bookmark: _Hlk7695737]The proposals made in this contribution are summarized below.
[bookmark: _Hlk7695758]
For group WUS alternating:
Proposal 1: Alternating WUS groups is enabled when there are two WUS resources for Rel-16 WUS.
Proposal 2: At least when legacy WUS is not configured as common WUS, all UE groups per WUS resource are alternated together.
[bookmark: _GoBack]Proposal 3: Alternating UE groups per WUS resource together between two WUS resources for Rel-16 WUS is based on
  
·  is the initial WUS resource ID index for a UE group
· 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 design:
Proposal 4: Confirm the WA:
· The sequence resulting from g = 126 is the common WUS unless common WUS is configured to be legacy WUS.
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𝒄 init_WUS = ( 𝑵 ID Ncell + 𝟏 ) ቆ ቀ 𝟏𝟎𝒏 f_start_PO + ቔ 𝒏 s_start_PO 𝟐 ቕ ቁ mod  𝟐𝟎𝟒𝟖 + 𝟏 ቇ 𝟐 𝟗 + 𝑵 ID Ncell + 𝑵 𝑰𝑫 𝑹𝒆𝒔𝒐𝒖𝒓𝒄𝒆 · 𝟐 𝟐𝟗  
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