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Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK2][bookmark: OLE_LINK1]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
Group number
For Rel-16 group NWUS, the discussion on multiplexing of group NWUS is based on the group NWUS with the same DRX/eDRX gap configuration. Therefore, the group number should be the number of groups corresponding to the same DRX/eDRX gap. The value of group number can be configured by SIB. If there are multiple DRX/eDRX gaps before a PO, the group number of each gap can be same or different. The detail need further study.
Proposal 1: The number of Rel-16 group with same DRX/eDRX gap configuration is configured by SIB.
 With more group number, the UE number in each group will be reduced. Therefore the chances that UE wakes up unnecessarily to detect paging will be reduced therefore UE power consumption will reduce. However, with more group number, the detection becomes more difficulty, therefore it is suggested the maximum group number is less or equal than 4.
Proposal 2: Maximum group number for NWUS with same DRX/eDRX gap configuration is equal to or less than 4.
 Multiplexing method
2.2.1 Multiplexing between Rel-16 group NWUS 
In RAN1#95 meeting, the following conclusion was made for multiplexing between Rel-16 group NWUS:
Multiplexing of Rel-16 UE groups is down-selected among
· Alt 1: Single sequence CDM is supported
· Alt 2: Single sequence CDM is supported and TDM can be additionally applied
· FFS: Configurability of CDM and/or TDM
There are two alternatives for single-seq CDM:
· Alt A: Besides a sequence corresponding to all group NWUS, any other sequence corresponds to one group NWUS or combinations of several group NWUS. 
· Alt B: Besides a sequence corresponding to all group NWUS,  any other sequence corresponds to one group NWUS.
An example is shown as follow, the details are shown in Table 1 and Table 2. 
Table 1 Group NWUS vs sequence index for Alt A
	Transmitted NWUS
	sequence

	group NWUS1
	sequence 1

	group NWUS2
	sequence 2

	group NWUS3
	sequence 3

	group NWUS1, group NWUS2
	sequence 4

	group NWUS2, group NWUS3
	sequence 5

	group NWUS1, group NWUS3
	sequence 6

	All group NWUS
	sequence 7


Table 2 Group NWUS vs sequence index for Alt B
	Transmitted NWUS
	sequence

	group NWUS1
	sequence 1

	group NWUS2
	sequence 2

	group NWUS3
	sequence 3

	All group NWUS
	sequence 4



The false wake-up rate of using Table A and Table B with total 18 UEs and 36 UEs is shown in Figure 1.
[image: ][image: ]
(a) total 18 UEs                                                     (b) total 36 UEs
Figure 1  False wake-up rate of Table 1 and Table 2
Based on the simulation result, we see that the false wake-up rate of Alt A is lower than Alt B. Compare to Alt B, the maximum reduction of false wake-up rate in Alt A can reach 23%. This is because grouping is based on UE_ID, it is very unlikely that all the UE needs to be waked up are in the same group. Without sequence for combinations of several group NWUS, the number of false wake up which was caused by common NWUS is increase. It is known that the higher false wake-up rate means the less power consumption will be reduced. Considering the intention of group NWUS is for further UE power consumption reduction, Alt A is preferred.
Proposal 3: For single sequence CDM, single sequence can correspond to one single group NWUS, group combinations NWUS and all group  NWUS.
Considering the detection complexity of supporting single-seq CDM is increased if the group number is larger than 4. Therefore,  TDM can be additionally applied when the group number is larger than 4.
Proposal 4: For R16 group WUS, Single sequence CDM is supported and TDM can be additionally applied.
2.2.2 Multiplexing between legacy NWUS and Rel-16 group NWUS
Rel-16 UE include both UE supporting group NWUS and UE not supporting group NWUS. For the latter, they can fall back to Rel-15 legacy NWUS. That means legacy NWUS can be used to wake up Rel-15 UEs and Rel-16 UEs not supporting group NWUS. 
Observation 1: That means legacy NWUS can be used to wake up Rel-15 UEs and Rel-16 UEs not supporting group NWUS. 
In RAN1 #95 meeting, the following agreement has been reached:
For multiplexing between Rel-16 UE-group WUS and Rel-15 legacy WUS within the same carrier, further evaluate and down select among the following options
· TDM
· single-seq. CDM
· single-seq. CDM+TDM
xFFS whether legacy WUS is the common WUS for all new UEs or only a part of new UEs.
If legacy NWUS is common NWUS for all new UEs or only a part of new UEs, the all new UEs or the part of new UEs will be waked up when any Rel-15 UEs or Rel-16 UEs not supporting group NWUS needs to be waked up. Therefore, the false wake-up rate of these UEs is increased. The blow figure shows the false wake-up rate of Rel-16 UEs with different proportion of Rel-15 UEs. From the simulation result, we see that the false wake-up of Rel-16 UEs is increased even the proportion of Rel-15 UEs is low. Take the paging rate is 0.01 and the number of UEs is 16 as example, the false wake-up rate of legacy UEs proportion=0 and legacy UEs proportion=10% is 0.0294 and 0.0448, respectively. The increase of false wake-up rate reach 53%. Therefore we propose that legacy NWUS isn’t the common WUS for all new UEs or only a part of new UEs.
[image: ]
Figure 2  False wake-up rate of Rel-16 UEs
Proposal 5: Legacy NWUS isn’t the common WUS for all new UEs or only a part of new UEs.
Based on the agreement, the detail analysis of multiplexing between Rel-16 UE-group WUS and Rel-15 legacy WUS is shown as following:
Option 1: TDM
In this option, Rel-16 group NWUS and legacy NWUS are in different time domain locations. There are two implementations of TDM which is shown in Figure 3. In Figure 3(a), there are two TDM resources before one PO, and only one is Figure 3(b).  The common NWUS should be introduced to wake up all R16 UEs supporting group NWUS. 
[image: ]
(a)
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(b)
Figure 3 Illustration of Option 2
Option 2: Single-seq CDM
In this option, legacy NWUS and the Rel-16 group NWUS are mapped in the same time and frequency domain location. Legacy NWUS is used as common WUS for all Rel-16 UEs supporting group NWUS. 
Option 3: Sing-seq CDM+TDM
One example is shown in Table 3 where there are four Rel-16 group NWUS. Assumption that the Rel-16 group NWUS is divided into two parts. Each part has two Rel-16 group NWUS. The multiplexing between legacy NWUS and one part is single-seq CDM. The multiplexing between legacy NWUS and another part is TDM.  
Table 3 Illustration of Option 3
	Time domain location 1
	Time domain location 2

	Transmitted NWUS
	sequence
	Transmitted NWUS
	sequence

	group NWUS1
	sequence 1
	group NWUS3
	sequence 3

	group NWUS2
	sequence 2
	group NWUS4
	sequence 4

	group NWUS1 and group NWUS2
	common WUS
	group NWUS3 and group NWUS4
	legacy WUS



The above options are analyzed from the following aspects:
· Power efficiency: The false wake-up rate is used to evaluate the power efficiency of above Options. Based on the above evaluation,  the false wake-up rate of Option 2 and Option 3 is higher than Option 1.
· System overhead: The overhead of Option 2 is smaller than Option 1 and Option 3. If  the TDM of Figure 3(b) is used, the overhead of Option 1 and Option 2 is same, smaller than Option 3.
· False detection/miss detection: The number of detected sequence of Option 1 and Option 2 is larger than Option 3. Therefore the performance of Option 3 may be better than Option 1 and Option 2. The performance is also related to the design of sequence.
Considering the intention of group NWUS is for further UE power consumption reduction, we slightly prefer Option 1.
Proposal 6: For multiplexing between Rel-16 UE-group NWUS and Rel-15 legacy NWUS within the same carrier, TDM is preferred.
 Sequence design
In RAN1 #95, the following agreement for Rel-16 group NWUS sequence has been reached [2]:
[bookmark: _Toc529800363]Further study false detection (cross/auto correlation) performance properties for the following designs:
· [bookmark: _Toc529800364]legacy WUS + cover codes,
· [bookmark: _Toc529800365]legacy WUS + shifted scrambling codes,
· [bookmark: _Toc529800366]legacy WUS + phase shift + cover code + scrambling bits
· Including combinations of phase shift, cover code, and/or scrambling bits
[bookmark: _Toc529800367]Other designs are not precluded.
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(n) is cover codes[2], k is the index of sequences, ,  is the number of detected sequences.
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 [3]. 
Simulations has been conducted to compare the performance of three candidates based on the simulation assumptions in Table A. The Table 4 shows the auto correlation performance of the candidates which the false detection rate is maintained at 10%.  The Table 5 shows the cross correlation performance of the candidates where the sequence 1 was transmitted by eNB and others sequence is detected by UE.
Table 4 Auto correlation performance of the candidates
	SNR
	-14
	-12
	-10
	-8
	-6

	Candidate 1
	0.3254
	0.2336
	0.1602
	0.1123
	0.0689

	Candidate 2
	0.3256
	0.2440
	0.1632
	0.1105
	0.0686

	Candidate 3
	0.3279
	0.2445
	0.1639
	0.1189
	0.0702


 
Table 5 Cross correlation performance of the candidates
	SNR
	-14
	-12
	-10
	-8
	-6

	Candidate 1
	0.1007
	0.1010
	0.1027
	0.1045
	0.1052

	Candidate 2
	0.1005
	0.1011
	0.1041
	0.1033
	0.1069

	Candidate 3
	0.1131
	0.1221
	0.1302
	0.1548
	0.1871



Based on the simulation results, we see that the performance of Candidate 1 and Candidate 2 is better than Candidate 3, therefore Candidate 1 and Candidate 2 is recommended. Considering the impact on standardization, we slightly prefer Candidate 2. 
Proposal 7:  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 8:  If further enhancement is needed for SI update, cell specific NWUS can be considered. 
Conclusions
In this contribution, we have discussed the group NWUS for NB-IoT. We make the following observation and proposals:
Observation 1: That means legacy NWUS can be used to wake up Rel-15 UEs and Rel-16 UEs not supporting group NWUS. 
Proposal 1: The number of Rel-16 group NWUS with same DRX/eDRX gap configuration is configured by SIB.
Proposal 2: Maximum group number for NWUS with same DRX/eDRX gap configuration is equal to or less than 4.
Proposal 3: For single sequence CDM, single sequence can correspond to one single group NWUS, group combinations NWUS and all group  NWUS.
Proposal 4: For R16 group WUS, Single sequence CDM is supported and TDM can be additionally applied.
Proposal 5: Legacy NWUS isn’t the common WUS for all new UEs or only a part of new UEs.
Proposal 6: For multiplexing between Rel-16 UE-group NWUS and Rel-15 legacy NWUS within the same carrier, TDM is preferred.
Proposal 7:  Legacy NWUS + phase shift is preferred.
Proposal 8:  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
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