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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK6][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
In RAN1# 89, the following agreement has been reached:
· A physical signal/channel indicating whether the UE needs to decode subsequent physical channel(s) is introduced, at least for idle mode paging. Candidates for the signal/channel are:
· Wake-up signal or DTX
· Go-to-sleep signal or DTX
· Wake-up signal with no DTX
· Downlink control information
· FFS whether synchronization to the camped-on cell is assumed for detecting/decoding WUS/GTS, depending on the (e)DRX cycle length
· Design details are FFS
· Connected mode DRX is FFS
RRC idle mode
Wake-up signal (WUS) is used to indicate the presence of NPDCCH. Upon detection of such signal the UE knows the existence of the NPDCCH, and only after that the UE will start to decode the following symbols of subframe or subframes. If no such signal is detected, the UE will turn the receiver off. Different from WUS, Go-to-sleep signal (GOS) can be used to indicate no NPDCCH transmission. Upton detection of such signal, UE can turn-off receiver. Only if UE does not detect such signal UE continue to receive NPDCCH transmission. 
For WUS, if eNB send the signal but the UE fails to detect, then the UE will not detect the corresponding NPDCCH therefore missing the paging information. If the eNB doesn’t send the signal but the UE incorrect detects one, the impact is only some extra power consumption. There is no impact on paging detection. Therefore, for miss detection rate 1% is the requirement while for false detection rate it can be relaxed to 10%. The impact of miss detection and error detection for GOS is the opposite to WUS. Therefore, the requirement for miss detection rate is 10% while false detection rate is 1%. Table 1 below lists the requirement for WUS/GOS.
Table 1 WUS/GOS requirement
	
	Miss detection rate
	False detection rate

	WUS
	1%
	10%

	GOS
	10%
	1%



In Table 2 below, minimal Tx subframes based on the requirement under different MCL are listed. The simulation assumes 131-ZC sequence is used. Detail about the simulation are given in the appendix.
Table 2 Minimal Tx subframes required
	
	MCL=154
	MCL=164

	WUS
	2
	128

	GOS
	2
	32


 
From the result it is observed that more Tx subframes are required for WUS than for GOS, since the miss detection has bigger impact on WUS .
Observation 1: Miss detection has bigger impact on WUS.
Another benefit of introducing physical signal is the WUS/GOS can also be used for synchronization, therefore further reduce terminal power consumption because UE will not detect NPSS/NSSS for achieving time/frequency synchronization.  In comparison, if only GOS is transmitted, the UE will only detect NPDCCH if GOS is not detected, however in this case the UE cannot acquire synchronization information from the GOS, therefore the detection result of NPDCCH may be unbelievable. 
Observation 2: GOS cannot be used for synchronization.
Considering the impact of miss detection and synchronization of WUS/GOS, it is preferable that both signals are transmitted. When there is paging msg, eNB will send WUS; otherwise the eNB can decide the transmission of GOS based on resource availability. If WUS is detected the UE will continue to detect NPDCCH, while if GOS is detected, the UE will stop. The detection of WUS/GOS is based on sequence correlation, and UE assumes the signal is always transmitted.
Proposal 1: It is suggested that both WUS and GOS signal are transmitted.
In frequency domain, the WUS/GOS should span the whole PRB. In time domain, considering PO is based on DRX parameters and UE_ID, the subframe contains the WUS/GOS can be implicitly indicated via paging opportunity(PO). Considering the WUS/GOS can also be used for synchronization, the number of OFDM symbol in one subframe may be same as NPSS/NSSS.
Proposal 2: The WUS/GOS should span the whole PRB. 
Proposal 3: Subframes used for WUS/GOS can be implicitly indicated via paging opportunities.
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/GOS 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.
[image: ]
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. 
For sequence configuration, one simple approach is the index of root sequence is based on the cell index, and different cyclic shift are used for WOS and GOS. Beside pure ZC sequence based WUS/GOS, combination of ZC sequence and PN sequence can also be considered. In this case, the PN sequence can be initialized by UE_ID, and the root sequence index of ZC sequence can be implicitly acquired via cell index.
Proposal 4: WUS/GOS shall be based on ZC sequence.
 RRC Connected mode 
By using WUS/GOS in RRC idle mode, the UE will reduce the total power consumption percentage in idle mode. Therefore to further lower the power consumption, introducing corresponding solution in RRC connected mode DRX is required. For example, assume originally the power consumption percentage for idle mode and connected mode are 70% and 30% respectively, after the application of WUS/GOS and if WUS/GOS reduce 50% power consumption in idle mode, the percentage of connect mode power consumption will increase if no solution is applied in connected mode. On the contrary , if the solution for connected mode can further reduce 20% power consumption, then a further power consumption reduction of 10% can be achieved.
Proposal 5: It is necessary to introduce solutions for RRC connected mode. 
If WUS/GOS are used for connected mode and the same resource configuration mechanism is used as in RRC idle mode, then many UEs in idle mode will be wake up even no NPDCCH transmission. Therefore instead of saving power consumption they will actually waste more power consumption. If different resource configuration mechanism is used for connected mode, then inevitably performance of signal detection in idle mode will be affected. For example, in order to differentiate idle mode and connected mode, different cyclic shifts have to be used, this will increase the false detection rate as distance between different cyclic is reduced. Also, for connected mode the WUS/GOS  will consume lots of system resource, this will have a negative impact on eNB scheduling. For UE in connected mode since it does not know if the signal is WUS or GOS, it has to detect the signal anyway before blind decoding of NPDCCH, therefore increased power consumption. 
Observation 3: WUS/GOS shall not be used for RRC connected mode.
Currently, discontinues receptions (DRX) is used for saving power consumption. However, DRX configuration parameters is static and throughout RRC configured, i.e. UE will detect the NPDCCH until the timer which is configured by RRC is expires. therefore it is not adept for actual data transmission status. 
Observation 4: DRX is not adept for actual data transmission status.
In NB-IoT system, the starting subframe of the searching space is configured by higher layer signalling, i.e. semi-statically. Therefore, the detection period cannot be adjusted dynamically based on actual data transmission status, which will adversely affect the terminal power consumption. As shown in figure 2, in data transmission region, UE’s NPDCCH detection period is configured to T. When no data transmission (BSR=0 and No DL data), there are two possible outcome.
1) eNB modifies NPDCCH detection period via high layer signalling, however, significant signalling cost could be expcted. Also , UE power consumption is increased due to reception and feedback.
2) No change for the NPDCCH detection period, i.e , detection period remains as T. As can be seen this will also increase UE power consumption , as more detection process will be wasted.
As can be seen, both scheme are not ideal. 


Figure 2  
If the NPDCCH detection period can be dynamically adjusted based on the actual data transmission status, the terminal power consumption will be reduced. The same conclusion can be found from other contributions [2][3]. As shown in figure 3, based on DCI indication, UE can use T1 as the NPDCCH detection period when no data transmission happens(BSR=0 and No DL data); based on SR+UL grant/DL grant,  UE can use T as the NPDCCH detection period (T1>T) during data transmission. T and T1 will be configured by higher layer.


Figure 3 
Dynamically adjusted detection period can be used under many traffic scenario with on-off  characteristics, with longer detection period T1 configured to the period of  ‘off’ data transmission period. Besides, it is also useful for signaling setup and transmission. For example, during RRC release, there is up to 10 seconds delay from the moment RRCConnectionRelease message is received, while UE is still required to monitor NPDCCH during this period. Deployment data also demonstrates for IoT service in a typical RRC session 80%~95% could be spent on RRC release waiting period. Significant power saving is expected if dynamically adjusted detection period can be used.
Dynamically adjusted NPDCCH can be implemented by adding one bit indicator in DCI. Two periodicity, T and T1, can be configured by RRC signaling. Two period can be indicated by 0 and 1 in the DCI bit. When UE detects NPDCCH using period T and finds the DCI indicator ‘1’, UE will switch to NPDCCH period T1; otherwise UE continues to use T as the NPDCCH detection period. Currently DCI format N0/N1 has 23 bits, therefore, adding 1 bit indicator for dynamic period indication has minimal impacts.
Same as NPDCCH detection period, DRX also can be configured dynamically. Two sets should be configured by high layer, where each set contains PDCCH detection period and DTX parameters. 1 bit in DCI is used to indicate the which set will be used. 
Proposal 6: For UE power consumption, dynamic adjusted NPDCCH period can be considered. 1 bit indication in the DCI can be used.

Conclusions
In this contribution, we have discussed the power consumption reduction for NB-IoT. We make the following observations and proposals:
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Observation 1: Miss detection rate has bigger impact on WUS. 
Observation 2: GOS cannot be used for synchronization.
Observation 3: WUS/GOS signal shall not be used for RRC connected mode DRX.
Observation 4: DRX is not adept for actual data transmission status.

Proposal 1: It is suggested that both WUS and GOS signal are transmitted.
Proposal 2: The WUS/GOS signal should span the whole PRB. 
Proposal 3: Subframes used for WUS/GOS can be implicitly indicated via paging opportunities.
Proposal 4: WUS/GOS shall be based on ZC sequence.
Proposal 5: It is necessary to introduce solutions for RRC connected mode DRX. 
Proposal 6: For UE power consumption, dynamic adjusted NPDCCH period can be considered. 1 bit indication in the DCI can be used.
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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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