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Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK6][bookmark: OLE_LINK1][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 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.
Based on the agreement, there are three configurations of NWUS resources for Rel-16 group NWUS:
Configuration 1: Legacy NWUS resource
Configuration 2: The resource before legacy NWUS resource
Configuration 3: Legacy NWUS resource and the resource before legacy NWUS resource
In Configuration 1, the multiplexing scheme between legacy NWUS and Rel-16 group NWUS is single-seq CDM. In Configuration 2, the multiplexing scheme is TDM and single-seq CDM+TDM in Configuration 3.
Proposal 1: There shall be three configurations of  NWUS resources for Rel-16 group NWUS.
- Configuration 1: Legacy NWUS resource
- Configuration 2: The resource before legacy NWUS resource
- Configuration 3: Legacy NWUS resource and the resource before legacy NWUS resource
For Configuration 3, the issue which 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 on each NWUS resource is as uniform as possible when there are two NWUS resources.  
Specifically, one example is that the Rel-16 group NWUS with odd group index is (are) always located on legacy NWUS resource. That means the Rel-16 group NWUS on the legacy NWUS resources is (are) fixed. Considering the influence of legacy NWUS, it is unfair to the UEs whose group NWUS index is odd. Therefore, the scheme that UE corresponds to different group index on different PO should be considered. For example, the group index of UE is one in first PO and two in second PO. The Rel-16 group NWUS on the legacy NWUS resources also can be configured, additional signaling should be introduced to indicate which group NWUS is (are) located on the legacy NWUS resource. Compare to the former, it may be more fair in the latter because the eNB can configures which group NWUS is (are) located on legacy NWUS according to the UE number and paging rate. But considering the random grouping and uncertainty of paging, the benefit is not obvious. Observation 1: The scheme that UE corresponds to different group index on different PO can be used to solve the issue of unfairness.
Observation 2: Considering the random grouping and uncertainty of paging, the issue of unfairness can not be completely solved even if Rel-16 group NWUS on legacy NWUS resource was (were) configured.

[bookmark: _Toc226862296][bookmark: _Toc347824246][bookmark: _Toc347824073][bookmark: _Toc347823621][bookmark: _Ref190406817]Common NWUS
In RAN1#95 meeting, the agreement on common NWUS is shown as follows:
[bookmark: _Toc529800342]A common WUS is used to wake up all group WUS UEs monitoring the same WUS (time-frequency) resource if more than one UE group occupies the WUS resource.
· FFS: Whether the above is also applicable for Rel-15 WUS UEs
· FFS: Whether to support waking up a subset of all WUS UE groups
UE always needs to detect at least two sequences if common NWUS can not be configured. The UE detection performance  may be influenced. In Figure 1, the miss detection rate is shown wherein the number of UE detection sequences is one and two. 
[image: untitled1]
Figure 1 Miss detection rate of NWUS
Based on the simulation result, we see that UE needs nearly 1dB more to detect two sequences compare with detecting one sequence. This will lead to an increase of NWUS duration. It is well known UE needs to consumed more power on NWUS if NWUS duration is increased. When the paging rate is very low, only the corresponding Rel-16 group NWUS needs to be sent by eNB. But UE also needs to detect common NWUS if common WUS is always supported. The power consumption on NWUS is increased. Considering the intention of Rel-16 group NWUS is for further UE power consumption reduction, we propose that common NWUS can be configured.
Observation 3: Compare with detecting one sequence, the detection performance is nearly 1dB worse when two sequences are detected.
Proposal 3: Common NWUS can be configured.
For common NWUS, there are two alternatives:
· Alt A: Common NWUS is additionally used to wake up a subset of all Rel-16 group NWUS. 
· Alt B: Common NWUS is only used to wake up all Rel-16 group NWUS. 
There is an example [2], There are four groups wherein common NWUS 1 is used to wake UEs corresponding to group 1 and group 2 should be waked up. Common NWUS 2 is used to wake up UEs corresponding to group 3 and group 4.
The detection performance of UE may be influenced because the number of detection sequences of Alt A is more than Alt B.  Therefore the power consumption on NWUS may be increased. The miss detection rate is shown in Figure 2 wherein the number of UE detection sequences is two and three. Based on the simulation result, it is concluded that the performance of detecting two and three sequences is similar when the same miss detection rate is satisfied. Therefore, the influence of power consumption on NWUS is negligible if Alt A is supported.
[image: untitled]
Figure 2 Miss detection rate of WUS
Observation 4: Compare with detecting two sequence, the detection performance is similar when three sequences are detected.
Based on the simulation result [2], we see that the false wake-up rate of Alt A is lower than Alt B. This is because it is very unlikely that all the Rel-16 UE needs to be waked up are in the same group when grouping is based on UE_ID. Therefore, without common NWUS 1 and common NWUS 2, the number of false wake-up is increase. In order to further reduce false wake-up, 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 NWUS1 or common NWUS2, the number of false wake-up which was caused by waking up from other groups is not reduced. For example, there are two levels of paging rate. The details are shown in Table 1 and Table 2. The value of one level of paging rate is ten times as much as another one. The false wake-up rate of UE with low paging rate is shown in Figure 3.
Table 1 Group NWUS vs sequence index for Alt A
	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 ( low paging rate )
	sequence 5

	common NWUS 2 ( high paging rate )
	sequence 6

	common NWUS （all Group）
	sequence7



Table 2 Group NWUS vs sequence index for Alt B
	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



[image: FWU]
Figure 3  False wake-up rate of Rel-16 UEs
Take the paging rate is 0.01 as example, the false wake-up rate of UE is 0.0422 and 0.1647, respectively. It is known that the higher false wake-up rate means the less power consumption will be reduced. Considering the intention of Rel-16 group NWUS is for further UE power consumption reduction, Alt A is preferred.
Observation 5: The false wake up rate decreases dramatically if three sequences were detected by UE.
Based on above analysis, we propose that the common NWUS can be configured to wake up a subset of all Rel-16 group NWUS. 
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 #96bis, the following agreement for Rel-16 group NWUS sequence has been reached:
[bookmark: _Toc5719915][bookmark: _Toc529800364]Group WUS sequence design is down selected between the following in RAN1#97
· [bookmark: _Toc5719916][bookmark: _Toc5640974]Legacy WUS with shifted scrambling codes
· [bookmark: _Toc5719917][bookmark: _Toc5719918]Legacy WUS with time-frequency short OCCs 
· Phase shifted legacy WUS using a suitable subset of the phase increments.
· Legacy WUS with Gold codes
In this contribution, the following candidates were evaluated: 
· Candidate 1: Legacy WUS + cover codes
Cover codes is introduced to legacy sequence, the detail is:


 Wherein C(m,n) is cover codes[3].
· Candidate 2: Legacy WUS + phase shifts
The phase shifts of ZC sequence is used for group NWUS, the detail is:




Wherein  is phase shifts of ZC, the value of depend on the number of detected sequences.
· Candidate 3: Legacy WUS + shift scrambling code
The scrambling code of legacy NWUS is replaced by




Wherein a shorter sub-sequence  is selected from the new long Gold sequence  according to the UE group index [4]. 
· Candidate 4: Legacy WUS + Gold code
Gold codes is introduced to legacy sequence, the detail is:


Wherein the cgold(n) is gold codes [5]. 
Simulations has been conducted to compare the performance of three candidates. The simulation assumptions is shown in the Appendix. The detailed simulation results are shown in Table 3, Table 4 and Table 5.
Table 3 Cross correlation performance of the candidates when sequence number is 4
	
	Time offset
(sample) 
	SNR(dB)

	
	
	-14
	-12
	-10
	-8
	-6

	Candidate 1
	0 
	0.1007
	0.1010
	0.1027
	0.1045
	0.1052

	
	21 
	0.4224
	0.4327
	0.4582
	0.4897
	0.5383

	
	51 
	0.6938
	0.7112
	0.7392
	0.7753
	0.8145

	Candidate 2
	0 
	0.1005
	0.1011
	0.1041
	0.1033
	0.1069

	
	21
	0.3944
	0.4048
	0.3948
	0.4030
	0.4026

	
	51
	0.6684
	0.6704
	0.6786
	0.6836
	0.6945

	Candidate 3
	0
	0.1131
	0.1221
	0.1302
	0.1548
	0.1871

	
	21
	0.4091
	0.4231
	0.4372
	0.4588
	0.4935

	
	51
	0.6787
	0.6888
	0.7057
	0.7298
	0.7631

	Candidate 4
	0
	0.1003
	0.0095
	0.1042
	0.1032
	0.1038

	
	21
	0.4166
	0.4172
	0.4338
	0.4514
	0.4827

	
	51
	0.6900
	0.6990
	0.7118
	0.7287
	0.7654


    
Table 4 Cross correlation performance of the candidates when sequence number is 8
	
	Time offset
(sample) 
	SNR(dB)

	
	
	-14
	-12
	-10
	-8
	-6

	Candidate 1
	0 
	0.1003
	0.0999
	0.0998
	0.0987
	0.0980

	
	21 
	0.4233
	0.4443
	0.4690
	0.5046
	0.5576

	
	51 
	0.6920
	0.7148
	0.7421
	0.7707
	0.8116

	Candidate 2
	0 
	0.1018
	0.1007
	0.1022
	0.1010
	0.1005

	
	21
	0.3973
	0.4005
	0.3960
	0.4038
	0.4016

	
	51
	0.6631
	0.6704
	0.6763
	0.6775
	0.6872

	Candidate 3
	0
	0.1183
	0.1274
	0.1352
	0.1609
	0.1968

	
	21
	0.4177
	0.4382
	0.4550
	0.4816
	0.5248

	
	51
	0.6888
	0.7005
	0.7203
	0.7437
	0.7788

	Candidate 4
	0
	0.0988
	0.1012
	0.1017
	0.1033
	0.1091

	
	21
	0.4136
	0.4209
	0.4359
	0.4570
	0.4965

	
	51
	0.6776
	0.7000
	0.7153
	0.7303
	0.7680


    
Table 5 Cross correlation performance of the candidates when sequence number is 16
	
	Time offset
(sample) 
	SNR(dB)

	
	
	-14
	-12
	-10
	-8
	-6

	Candidate 1
	0 
	0.1318
	0.1374
	0.1403
	0.1420
	0.1443

	
	21 
	0.4461
	0.4673
	0.4901
	0.5238
	0.5785

	
	51 
	0.7098
	0.7271
	0.7516
	0.7857
	0.8201

	Candidate 2
	0 
	0.1016
	0.0995
	0.1017
	0.1002
	0.100

	
	21
	0.3931
	0.3969
	0.4010
	0.4009
	0.4079

	
	51
	0.6644
	0.6666
	0.6766
	0.6761
	0.6922

	Candidate 3
	0
	0.1202
	0.1272
	0.1455
	0.1761
	0.2126

	
	21
	0.4181
	0.4304
	0.4552
	0.4783
	0.5249

	
	51
	0.6783
	0.6944
	0.7179
	0.7431
	0.7818

	Candidate 4
	0
	0.1032
	0.1045
	0.1003
	0.1007
	0.1011

	
	21
	0.4110
	0.4208
	0.4363
	0.4597
	0.4829

	
	51
	0.6855
	0.6971
	0.7098
	0.7380
	0.7682



 Based on the simulation results, we see that:
(1) The performance of Candidate 3 is wort when the sequence number is 4 and 8;
(2) The performance of Candidate 1 is worst when the sequence number is 16;
(3)  The performance of Candidate 4 is worse than Candidate 2.
Therefore we slightly prefer Candidate 2.  
Proposal 6:  Legacy NWUS + phase shift is preferred.
 Others
For SI update, legacy NWUS can wake up all Rel-15 UE and Rel-16 UE not supporting group NWUS. On the other hand, All group NWUS can wake up all Rel-16 UEs supporting group NWUS. Therefore, no further enhancement is needed for SI update in NWUS design. Additionally, cell specific NWUS can be configured to wakes up both Rel-15 and Rel-16 UEs.
Proposal 7:  If further enhancement is needed for SI update, cell specific NWUS can be considered. 
[bookmark: _GoBack]Conclusions
In this contribution, we have discussed the group NWUS for NB-IoT. We make the following observations and proposals:
Observation 1: The scheme that UE corresponds to different group index on different PO can be used to solve the issue of unfairness.
Observation 2: Considering the random grouping and uncertainty of paging, the issue of unfairness can not be completely solved even if Rel-16 group NWUS on legacy NWUS resource was (were) configured.
Observation 3: Compare with detecting one sequence, the detection performance is nearly 1dB worse when two sequences are detected.
Observation 4: Compare with detecting two sequence, the detection performance is similar when three sequences are detected.
Observation 5: The false wake up rate decreases dramatically if three sequences were detected by UE.
Proposal 1: There shall be three configurations of  NWUS resources for Rel-16 group NWUS.
- Configuration 1: Legacy NWUS resource
- Configuration 2: The resource before legacy NWUS resource
- Configuration 3: Legacy NWUS resource and the resource before legacy NWUS resource
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: Common NWUS can be configured.
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:  Legacy NWUS + phase shift is preferred.
Proposal 7:  If further enhancement is needed for SI update, cell specific NWUS can be considered. 
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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%, 10%
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