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[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK2][bookmark: OLE_LINK1]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 solutions for reduced power consumption
Based on the analysis in [2],  both WUS or DTX and WUS with no DTX are supported. Considering that both type of signal configuration need to be detected by the terminal, it is beneficial to adopt unified design from the perspective of terminal complexity.
Proposal 1: Unified design principle shall be adopted for WUS and GOS.  
Considering that ZC sequence is already used for legacy synchronization channel and higher reliability than DCI, it is preferable to also use ZC sequence based WUS signal design. For the actual sequence, there are two alternatives can be considered:
Alt 1: Similar to NPSS, the sequence is mapped to one OFDM symbol, i.e. 11-ZC sequence, time domain repetition is used to construct for 11 OFDM symbols.
Alt 2: Similar to NSSS, 131-ZC sequence is extended and mapped to 11 symbols.
Simulations has been conducted to compare the performance of two alternatives based on the simulation assumption in Table A.1. The figure below shows the false detection rate where the sequence 1/2 was transmitted by eNB and sequence 2/1 is detected by UE. Assuming sequence 1 is WUS and sequence 2 is for GOS where sequence 1 and 2 are different cyclic shift of the same root sequence.
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Figure 1 Simulation results for different alternative
From the simulation result, we see that Alt 2 has better performance than Alt 1, therefore Alt 2 is recommended. 
Proposal 2: Similar to NSSS, 131-ZC sequence is based for WUS/GOS.
For sequence configuration, one simple approach is the index of root sequence is based on the cell index；Since UE needs to detect both WUS and GOS, considering two sequence there are following two alternatives.  
Alt 1：different root sequence  
Alt 2：different cyclic shift  
 From the perspective of sequence correlation property, differentiation between WUS and GOS based on cyclic shift is preferred. In actual design, impacts to the legacy NSSS should also be considered.
Proposal 3: The root sequence of the ZC sequence is based on cell ID , and differentiation between WUS and GOS is based on cyclic shift .
 To further reduce inter-cell interference, sequence hopping can also be introduced. The details of hopping design is FFS.
Proposal 4: Sequence hopping is supported to further reduce inter-cell interference.

Conclusions
In this contribution, we have discussed the power consumption reduction for NB-IoT. We make the following observations and proposals:
Proposal 1: Unified design principle shall be adopted for WUS and GOS.  
Proposal 2: Similar to NSSS, 131-ZC sequence is based for WUS/GOS.
Proposal 3: The root sequence of the ZC sequence is based on cell ID , and differentiation between WUS and GOS is based on cyclic shift .
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]Proposal 4: Sequence hopping is supported to further reduce inter-cell interference.
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Appendix
Table A.1 Simulation Assumption

	Parameter
	Value

	BS TX antenna configuration 
	2 Tx 

	BS power
	35 dBm per TX port

	System BW
	1.4 MHz

	Band 
	900 MHz 

	Channel model 
	ETU 

	Doppler spread 
	1 Hz 

	Frequency error, 
when relying on DL synchronization
	±30 Hz 

	UE RX antenna configuration
	1 Rx

	UE NF
	9 dB

	Coupling loss
	154, 164 dB

	WUS/GOS 
	 11-ZC sequence with repetition for 11 OFDM symbols or 131-ZC sequence
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