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Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK6][bookmark: OLE_LINK7]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
NWUS duration and transmit power 
In RAN1#97 meeting, the working assumption on NWUS duration and transmit power is shown as follows:
· [bookmark: _Toc8741529]The UE may assume that the transmit power for Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.
· [bookmark: _Toc8741530]The maximum WUS duration for the Rel-16 WUS sequence is the same as that of the Rel-15 WUS sequence.
In Rel-15, UE detects one legacy NWUS sequence. And in Rel-16, UE will detect at least two sequences if common NWUS is configured. Based on the simulation result [2], the performance difference between detecting one sequence and two sequences is nearly 1dB. In Figure 1, the miss detection rate of UE with different number of detection sequences is shown. The simulation assumption is shown in Table A.1.
[image: 07312]
Figure 1 Miss detection rate of NWUS
In Table 1, the required NWUS repetition number is shown when the miss detection rate is less than 0.01. 
Table 1 Required repetition number of NWUS
	
	Required repetition number of NWUS

	MCL=164dB
（2 Tx）
	One detection sequence
	Two detection sequences
	Three detection sequences

	
	32
	64
	64


Based on Table 1, we can observe that the required NWUS repetition number of legacy NWUS and Rel-16 group NWUS is different. Therefore we propose to revert the working assumption in RAN1#97 and let eNB configure the UE transmit power and NWUS max duration.
Proposal 1: Max duration and transmit power of Rel-16 NWUS can be configured.
NWUS resource
In RAN1#96bis meeting, the following conclusion was made for NWUS resources of Rel-16 group NWUS:
[bookmark: _Toc5719912]Group WUS location in relation to legacy WUS may be configured such that:
· [bookmark: _Toc5719913][bookmark: _Hlk5352570]If one group WUS resource is configured, that group WUS resource may be configured to coincide with the legacy WUS resource or to occur immediately before the legacy WUS resource, and,
· [bookmark: _Toc5719914]If two group WUS resources are configured, the first group WUS resource coincides with the legacy WUS resource and the second group WUS resource occurs immediately before the first group WUS resource.
If there are two group NWUS resources, the issue of how Rel-16 group NWUS is (are) mapped on legacy NWUS resource should be considered. It is well known that the detection performance is affected by the maximum number of groups. Considering the detection performance, the number of Rel-16 group NWUS on each NWUS resource is as same as possible. Therefore, we propose the number of Rel-16 group NWUS on each resource is as uniform as possible.
Proposal 2: The number of Rel-16 group NWUS allocated to each NWUS resource shall be as uniform as possible when there are two NWUS resources.  
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 2 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 2 False 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 3: UE group weighting is not supported.
If there are two NWUS resources, the power assumption of UEs who are always assigned to the first NWUS resource is higher because those UEs need to wake up earlier. If UEs are assigned to the NWUS resource which contains legacy NWUS, the false wake-up of those UEs is higher because legacy NWUS is used to wake up all Rel-15 UEs. Therefore, the unfairness between UEs should be considered. A direct scheme to solve the unfairness is to introduce UE hopping. For example, the mapping between UE_ID and UE group ID can be changed on different POs. But the complexity of introducing UE hopping also needs to be considered.
Observation 1: The issue of UE unfairness can be solved by UE hopping, but the complexity of introducing UE hopping also needs to be considered. 
[bookmark: _Toc347823621][bookmark: _Toc347824246][bookmark: _Toc347824073][bookmark: _Ref190406817][bookmark: _Toc226862296]Common NWUS
 For common NWUS, the following conclusion was made in RAN1#97 meeting :
[bookmark: _Toc8741531]Each UE monitors up to X WUS sequences. 
· [bookmark: _Toc8741532]Value of X will be selected between 2 and 3
· [bookmark: _Toc8741533]X=3 can only be supported if a common WUS for a subset of UE groups for service-based grouping is supported
The detection performance of UE may be influenced because the number of detection sequences is different.  Therefore the power consumption on NWUS may be increased. Based on the simulation result which is shown in Table 1, it is concluded that the performance of detecting two and three sequences is similar when the same miss detection rate is satisfied. And the required NWUS duration for detecting two and three sequences is same. Therefore, the influence of power consumption on 
NWUS is negligible if X=3 is supported. The grouping based on service-type was discussed in RAN#2. This is because the number of false wake-up may be reduced if Rel-16 UEs of similar service-type are in the same group. But without common NWUS for a subset of UE groups, the number of false wake-up which was caused by waking up from other groups is not reduced.  For UE with low paging rate, the the impact is more serious. For example, there are two levels of paging rate when grouping based on service-type. The details of NWUS are shown in Table A, Table B , Table C&D.
Table A Group NWUS vs sequence index
	Transmitted WUS
	sequence

	group NWUS 1 ( low paging rate )
	sequence 1

	group NWUS 2 ( low paging rate )
	sequence 2

	group NWUS 3 ( high paging rate )
	sequence 3

	group NWUS 4 (high paging rate )
	sequence 4

	common NWUS 1 ( high paging rate )
	sequence 5

	common NWUS （all Group）
	Sequence 6



Table B Group NWUS vs sequence index 
	Transmitted WUS
	sequence

	group NWUS 1 ( low paging rate )
	sequence 1

	group NWUS 2 ( low paging rate )
	sequence 2

	group NWUS 3 ( high paging rate )
	sequence 3

	group NWUS 4 ( high paging rate )
	sequence 4

	common NWUS（all Group）
	sequence 5


Table C Group NWUS vs sequence index
	Transmitted WUS
	sequence

	group NWUS 1 ( low paging rate )
	sequence 1

	group NWUS 2 ( low paging rate )
	sequence 2

	group NWUS 3 ( high paging rate )
	sequence 3

	group NWUS 4 ( high paging rate )
	sequence 4

	group NWUS 5 ( high paging rate ) 
	sequence 5

	common NWUS
	sequence 6


Table D Group NWUS vs sequence index
	Transmitted WUS
	sequence

	group NWUS 1 ( low paging rate )
	sequence 1

	group NWUS 2 ( low paging rate )
	sequence 2

	group NWUS 3 ( low paging rate )
	sequence 3

	group NWUS 4 ( high paging rate )
	sequence 4

	group NWUS 5 ( high paging rate ) 
	sequence 5

	common NWUS
	sequence 6



[bookmark: _GoBack]Simulation result is listed in companion paper [3], we observe that the false wake-up rate of Table A is lowest for UEs with low paging rate. Therefore, we conclude that the false wake-up rate can be reduced if common NWUS for a subset of UE groups is supported. Considering the intention of Rel-16 group NWUS is for further UE power consumption reduction, we propose common NWUS for a subset of UE groups for service-based grouping is supported. This also means X=3.
Proposal 4:  The common NWUS can be configured to wake up a subset of all Rel-16 group NWUS.
Proposal 5:  Three detection sequences should be supported.
 Sequence design
In RAN1 #97, the following agreement for Rel-16 group NWUS sequence has been reached:
[bookmark: _Toc5719915][bookmark: _Toc529800364]At least for the group WUS in the same WUS resource, legacy WUS with phase shifts is selected as group WUS sequence design according to wgroup(m’) = w(m’) exp(j2πgm/G) 
· FFS: Details of g and G
Assume g=k*Y wherein Y is group_ID, therefore, the value of k should be confirmed first. For the value of k and G, there are two alternatives:
Alt 1: the value of k is determined by the number of required sequences.
Alt 2: the value of G is determined by the number of required sequences.
For Alt 1, considering the number of REs used for NWUS within one subframe is 132, therefore, the value of G is 132. The value of k is determined by the number of required sequences. For example, the value of k is 13 when the number of required sequences is 10 and the value of k is 7 when the number of required sequences  is 18. The value of k can be also determined by the maximum number of required sequences too. For Alt 2, the value of G is determined by the number of required sequences and the value of k is 1. For example, the value of G is 11 when the number of required sequences is 10 and the value is 19 when the number of required sequences is 18. The simulation result is shown in Table 2.  
Table 2 Cross correlation performance of the alternatives
	Required number of sequences
	
	Time offset
(sample)
	SNR (dB)

	
	
	
	-12
	-6

	6
	Alt 1
	0
	0.0102
	0.0098

	
	
	271
	0.5245
	0.6441

	
	Alt 2
	0
	0.0103
	0.00980

	
	
	271
	0.5286
	0.6519

	10
	Alt 1
	0
	0.0097
	0.0102

	
	
	271
	0.5225
	0.6441

	
	Alt 2
	0
	0.0101
	0.0101

	
	
	271
	0.5314
	0.6495

	18
	Alt 1
	0
	0.0099
	0.0097

	
	
	271
	0.5325
	0.6542

	
	Alt 2
	0
	0.0102
	0.0104

	
	
	271
	0.5366
	0.6609



Based on the simulation result, we observe that the cross correlation performance of the above alternatives is similar. However, in the alternatives mentioned above, the value of g or G is determined according to the number of required sequences. Considering the maximum number of group and the function of common NWUS have not been determined, the number of required sequences is still uncertain, we propose the details of g and G are determined after determining the maximum number of group and the function of common NWUS.
Proposal 6: The details of g and G are determined after determining the maximum number of group and the function of common NWUS.
Conclusions
In this contribution, we have discussed the group NWUS for NB-IoT. We make the following observations and proposals:
Observation 1: The issue of UE unfairness can be solved by UE hopping, but the complexity of introducing UE hopping also needs to be considered. 
Proposal 1: Max duration and transmit power of Rel-16 NWUS can be configured.
Proposal 2: The number of Rel-16 group NWUS on each NWUS resource is as uniform as possible when there are two NWUS resources.  
Proposal 3: UE group weighting is not supported.
Proposal 4: The common NWUS can be configured to wake up a subset of all Rel-16 group NWUS.
Proposal 5: Three detection sequences should be supported.
Proposal 6: The details of g and G are determined after determining the maximum number of group and the function of common NWUS.
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Appendix
Table A.1 simulation assumptions

	Parameter
	Value

	BS TX antenna configuration
	2 Tx for in-band/guard-band

	BS power
	35 dBm for Inband/guardband;
43dBm for standalone

	System BW
	180kHz

	Band
	900 MHz

	Channel model
	EPA

	UE RX antenna configuration
	1 Rx

	UE NF
	5 dB

	False detection rate
	1%
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