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Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK1][bookmark: OLE_LINK7][bookmark: OLE_LINK2]In RAN #81 meeting, revised WID RP-181674 on Rel-16 enhancements for NB-IoT was agreed [1]. One of the objectives is to improve DL transmission efficiency and/or UE power consumption.
Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]
· [bookmark: _Hlk515907437]Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]
In this contribution, we discuss the UE-group wake-up signal for NB-IoT.
Discussion on wake-up signal
UE group weighting
It has been proposed that UE group weighting is introduced because more false wake-up rate may be caused by legacy NWUS when there are two group NWUS resources. The false wake-up rate of Rel-16 UE is shown in Figure 1 wherein the total number of UE is 100 and the number of Rel-16 UE depends on the ratio of legacy UE and total number of UE.  
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(a) legacy UE: 20%       
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(b) legacy UE:35%
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(c) legacy UE: 50%
Figure 1 Fasle wake-up rate of Rel-16 UE
Based on the simulation result, we observe that:
· When the ratio of legacy UE is 20%, the false wake-up rate of Rel-16 UE with different group weighting is similar.
· When the ratio of legacy UE is 35%, the false wake-up rate of Rel-16 UE with UE group weighting is lower than without UE group weighting. But the false wake-up rate of Rel-16 UE with UE group weighting and all Rel-16 UE on one NWUS resource are similar.  
· When the ratio of legacy UE is 50%, the false wake-up rate of Rel-16 UE on one NWUS resource is the lowest.
Therefore, we propose that UE group weighting is not supported.
Proposal 1: UE group weighting is not supported.
UE group hopping
In RAN1#98bis meeting, the following conclusion was made:
[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
Considering there are one PO in a DRX cycle for one UE, the actual group NWUS resource can be determined by the following formula: actual group NWUS resource index = mod(configured group NWUS resource index + offset )), number of configured group NWUS resource). If cell-specific DRX cycle is used to determine the offset, the group NWUS is always located on one fixed UE-group NWUS resource within cell specific DRX cycle when the value of cell-specific DRX cycle is larger than the value of UE-specific DRX cycle. If UE-specific DRX cycle is used to determine the offset, the UE-group NWUS resource of UEs with different value of UE-specific DRX cycle may be different after alternation. For NB-IoT, there are only 2 NWUS resources, therefore the effect of group alternation is unlikely to be optimal for each UE-specific DRX cycle. Based on above analysis, we propose:
offset = Mn+floor((SFN+1024*H_SFN)/T1)
Considering the value of UE-specific DRX cycle is not determined, the offset is determined based on the assumption that the value range of UE-specific DRX cycle is same as cell-specific DRX cycle. Therefore, T1=1024 and the value of Mn is shown in Table 1 wherein n=mod(floor((SFN+1024*H_SFN)/128),8).
Table 1 The value of Mn
	Number of UE-group MWUS resources
	M

	2
	0 1 1 0 1 0 0 1


One example is shown in Table 2:
Table 2 The value of offset mod 2
	DRX cycle
SFN div 128
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	128
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0
	1
	1
	0
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0
	1
	0
	0
	1
	1

	256
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1
	0
	1
	0
	0
	1

	512
	0
	1
	1
	0
	0
	1
	1
	0

	1024
	0
	1
	0
	1


Based on Table 2, the conclusion is that the UE-group MWUS is alternated located on each UE-group NWUS resources for most of UE. 
Proposal 2: The actual group NWUS resource is determined by the following formula:
actual group NWUS resource index = mod(configured group NWUS resource index + offset), number of configured group NWUS resource)
·  offset = Mn+floor((SFN+1024*H_SFN)/1024)
·   The value of Mn is shown as following table and n=mod(floor((SFN+1024*H_SFN)/128),8)
	Number of UE-group MWUS resources
	M

	2
	0 1 1 0 1 0 0 1



 Sequence design
In RAN1#98 meeting, the following working assumption was made:
The sequence resulting from g = 126 is the common WUS unless common WUS is configured to be legacy WUS
For common NWUS, there are two alternatives of the value of g:.
Alt 1: g=14*(UE_group_max+1)
Alt 2: g=126
Cross correlation performance of the above alternatives is shown in Table 3 wherein the the UE group number is 4.
Table 3 Cross correlation performance of the alternatives
	Group NWUS number 
	
	Time offset
(samples)
	SNR (dB)

	
	
	
	-12
	-6

	4
	Alt 1
	0
	0.01
	0.01

	
	
	51
	0.1131
	0.1420

	
	
	201
	0.4236
	0.5404

	
	Alt 2
	0
	0.0101
	0.0101

	
	
	51
	0.1273
	0.1523

	
	
	201
	0.4191
	0.5417


Based on the simulation result, we observe that the cross correlation performance of the above alternatives is similar. That means there is not significant performance improvement if the working assumption is not confirmed.Therefore we propose: 
Proposal 3: Confirm the WA: the sequence resulting from g = 126 is the common NWUS unless common NWUS is configured to be legacy NWUS.
In RAN1#98 meeting, the following conclusion was made:
G = 132 and g = 14*(UE_group_index+1), 0 ≤ UE_group_index ≤ 7
The value of UE_group_index depends on the number of groups in each group NWUS resource, the number of service-type configured for each group NWUS resource. Therefore we propose the details of UE_group_index need further study.  For example, the value of UE_group_index is between 0 and 15 if the grouping scheme is only based on UE_ID when there are two group NWUS resources. But the value of UE-group-index for determining MWUS sequence is between 0 and 7. Considering the grouping scheme and the number of groups in each UE-group NWUS resource is discussed in RAN2. Therefore, we propose the details of UE_group_index for determining NWUS sequence is determined in RAN2.
Proposal 4: The details of UE_group_index for determining group NWUS sequence is determined in RAN2.
Conclusions
In this contribution, we have discussed the group NWUS for NB-IoT. We make the following proposals:
Proposal 1: UE group weighting is not supported.
Proposal 2: The actual group NWUS resource is determined by the following formula:
 actual group NWUS resource index= mod(configured group NWUS resource index + offset), number of configured group NWUS resource)  and 
·  offset=Mn+floor((SFN+1024*H_SFN)/1024)
·  The value of Mn is shown as following table and n=mod(floor((SFN+1024*H_SFN)/128),8)
	Number of UE-group MWUS resources
	M

	2
	0 1 1 0 1 0 0 1


Proposal 3: Confirm the WA: the sequence resulting from g = 126 is the common NWUS unless common NWUS is configured to be legacy NWUS.
[bookmark: _GoBack]Proposal 4: The details of UE_group_index for determining group NWUS sequence shall be determined in RAN2.
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