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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN #75 meeting, new WID RP-170852 on Even Further NB-IoT enhancements was agreed as working agreement [1]. One of the objectives is to reduce power consumption.
· Study and, if found beneficial, specify for idle mode paging and/or connected mode DRX, physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. [RAN1,  RAN2,  RAN4]
In this contribution, we discuss the support of power consumption reduction for decoding the physical downlink control/data channel.
Discussion on designing wake up signal
In RAN1#91 meeting[2], the following agreement was achieved for designing wake-up signal: 
WUS sequence is based on ZC-sequence
· When designing WUS sequence, negative impact on legacy NSSS detection should be avoided.
The definition of ZC sequence is shown as below:


 There are two choices for L:
ALT-1: L is based on the available RE number inside one subframe
ALT-2: L is based on the total available RE number of N subframes
Compare with ALT-1, ALT-2 corresponds to longer sequence. With longer sequence, there are more root sequence and this is beneficial for cell interference randomization. However, this is based on the assumption that the corresponding subframes are continuous. In reality, for the downlink, considering the existing valid subframe and the collision with other messages[3], there is no guarantee that the subframes WUS mapping to are continuous. If the sequence between adjacent cells are not aligned, the correlation property of the sequences will be impacted. For ALT-1, if the subframe are aligned, then the correlation property of the sequence can be maintained. For ALT-2, if the N value is fixed, more resource will be wasted. If the N value is not fixed, then the sequence length of different cells could be different. Therefore, the cross-correlation property of the sequences cannot be maintained.  From the above analysis ALT-1 is preferred.
Proposal 1:  The length of the ZC sequence is based on the available RE number inside one subframe.
 Based on the assumption that ZC sequence is used, there are two designs for the WUS sequence:

Alt 1:Based on existing NSSS sequence
To differentiate WUS sequence with legacy NSSS, the following alternatives can be considered:
Alt 1-1: Using different Hadamard sequence for WUS.  For example, WUS can use the following indexed Hadmard sequence: 


Alt 1-2: Using different mapping for WUS [3]
For the legacy NSSS, the mapping is done in frequency domain and then in time domain. For WUS, it can use the mapping that is done first in time domain then in frequency domain.
Alt 2: ZC sequence*PN sequence
Similar to NSSS, the PN sequence is used to replace the Hadamard sequence in NSSS, where in b(m) is a cover code using a PN sequence, one example is Gold sequence[4].


When the root sequences of the ZC sequence corresponding to are same, the correlation property of the sequences  is same as pseudo random sequence.
Alt 3: ZC sequence
Considering the excellent correlation property of the ZC sequence, it is one of the alternative candidate for WUS.
The performance of the above sequence is simulated. 
· The impact to legacy NSSS should be considered when choosing WUS sequence, especially when there is no repetition for WUS.  When there is repetition for WUS, the repetition is on contiguous subframes, while the repetition for NSSS is once per 20ms. UE can differentiate NSSS and WUS during energy detection. But if the WUS is configured without repetition, the impact cannot be neglected.  Simulation the of the impact of NSSS is shown in appendix. 
Observation 1:For Alt 1 and Alt2, the impact  to NSSS can be neglected; Alt3 has relatively larger impact on NSSS.
· For WUS signal, the impacts of miss detection is more serious. The table below gives the miss detection rate with false detection rate =10%. The simulation parameters are in the appendix.
Table 1  Miss detection rate for different WUS sequence
	
	
	MCL=144dB
	MCL=154dB
	MCL=164dB

	Alt 1-1

	Without  interference cell
	0.0022
	0.0308
	0.2546

	
	With subframe aligned interference cell
	 0.0079
	0.0688
	0.4559

	
	Without subframe aligned interference cell 
	 0.0070
	 0.0627
	  0.4265

	Alt 1-2

	Without  interference cell
	0.0023
	0.0317
	0.2546

	
	With subframe aligned interference cell
	0.0076
	  0.0688
	0.4584

	
	Without subframe aligned interference cell 
	0.0082
	  0.0720
	0.4743

	Alt 2

	Without  interference cell
	0.0021
	0.031
	0.2549

	
	With subframe aligned interference cell
	 0.0070
	 0.0685

	 0.4539

	
	Without subframe aligned interference cell 
	  0.0069
	 0.0673
	 0.4454

	Alt 3
	Without  interference cell
	0.0021
	0.0304
	0.2555

	
	With subframe aligned interference cell
	  0.0074
	0.0678
	 0.4570

	
	Without subframe aligned interference cell 
	  0.0066
	  0.0607
	  0.4210


Based on the above simulation, we have the following observation 
Observation 2:In term of miss detection rate, Alt1- 1 and Alt 3 are  preferable.
 Considering that ZC*Hadmard sequence is also used in legacy NSSS, UE implementation cost will not increase if WUS also adopts the same sequence structure. Together with the previous two observation, we have the following proposal:
Proposal 2:  ZC*Hadamard sequence is used for WUS.   
Furthermore, current sequence hopping can also be introduced to further lower the inter-cell interferences. The detail hopping mechanism can be FFS. 
When WUS sequence is used also for time synchronization and the WUS sequence is transmitted with repetition, if the sequence of each repetition is exactly same, timing error could happen. Therefore, subframe index information need to be carried in the WUS sequence. One way to do this is to use similar methods in NSS, where cyclic-shift is used to indicate subframe index. Or , if subframe based hopping is used, e.g., root sequence of ZC is different for different WUS subframes.
Proposal 3: It is preferable to introduce sequence hopping to further reduce inter-cell interferences. 
 Proposal 4: Subframe based hopping can be used to indicate WUS timing. 

Conclusions
In this contribution, we have discussed the power consumption reduction for NB-IoT. We make the following observations and proposals:
Observation 1:For Alt 1 and Alt2, the impact to NSSS can be neglected; Alt3 has relatively larger impact on NSSS.
Observation 2:In term of miss detection rate, Alt1- 1 and Alt 3 are  preferable.

Proposal 1: The length of the ZC sequence is based on the available RE number inside one subframe.
Proposal 2: ZC*Hadamard sequence is used for WUS.   
[bookmark: _GoBack]Proposal 3: It is preferable to introduce sequence hopping to further reduce inter-cell interferences. 
Proposal 4: Subframe based hopping can be used to indicate WUS timing. 
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Appendix A
Table A.1 Simulation Assumption

	Parameter
	Value

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

	BS power
	35 dBm for Inband/guardband;

	System BW
	180kHz

	Band
	900 MHz

	Channel model
	TU

	Doppler spread
	1 Hz

	UE RX antenna configuration
	1 Rx

	UE NF
	5 dB

	Coupling loss
	144dB, 154dB, 164 dB

	Cell ID
	Target Cell: 1
Interference Cell: 20



Appendix B
Case A: NSSS impact to WUS
Table B.1 Miss detection rate of WUS 
	
	MCL =144dB

	Alt 1-1
	With subframe aligned interference cell
	0.0057

	
	Without subframe aligned interference cell
	0.0072

	Alt 1-2
	With subframe aligned interference cell
	0.0075

	
	Without subframe aligned interference cell
	0.0078

	Alt 2
	With subframe aligned interference cell
	0.0069

	
	Without subframe aligned interference cell
	0.0068

	Alt 3
	With subframe aligned interference cell
	0.0075

	
	Without subframe aligned interference cell
	0.0065



Case B :WUS’s impact to NSSS
Table B.2 NSSS detection error rate
	
	MCL =144dB

	Alt 1-1
	With subframe aligned interference cell
	0.015

	
	Without subframe aligned interference cell
	0.0151

	Alt 1-2
	With subframe aligned interference cell
	0.0158

	
	Without subframe aligned interference cell
	0.014

	Alt 2
	With subframe aligned interference cell
	0.0192

	
	Without subframe aligned interference cell
	0.0127

	Alt 3
	With subframe aligned interference cell
	0.45

	
	Without subframe aligned interference cell
	0.0157
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