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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In RAN WG1 Meeting #90bis in Prague, the following working assumptions and agreements are obtained [1] [2]. 
	· Working assumption: WUS/DTX is adopted for the power saving  signal for IDLE mode paging;
· The UE is configured with a transmission duration of WUS by higher layers
· The WUS signal may be decoded with or without relying on prior synchronization
· Whether the UE needs to acquire (further) synchronization using NPSS/NSSS to decode the NPDCCH following the WUS is FFS
· The power saving of using existing synchronization signal to achieve sync and using WUS for synchronization should be compared.
· For RAN#78 timeline, RAN4 can assume the UE is synchronized prior to the WUS
· After RAN#78, RAN1 and RAN4 will conduct additional work to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 144 dB MCL; and will study to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 154, 164 dB MCL
· Status of work on ‘Relaxed monitoring for cell reselection’ in RAN2/4 should be considered



	Agreements:
· WUS signal is at least cell-specific;
· FFS scrambling of WUS including time varying scrambling
· Long ZC sequence based signal is considered as the starting point for WUS signal:
· FFS: whether the sequence can span over multiple subframes
· FFS: whether accumulated multiplication is applied between sub-sequences from the long ZC sequence to reduce the impact of frequency error;
· FFS: Support transmit diversity for NB-IoT WUS 
· FFS: NSSS like signal is used as the wake-up signal



In this contribution, the remaining details of wake-up signals including wake-up signal with or not with DTX, WUS scrambling, WUS to indicate UE/UE group and WUS for CDRX are discussed and the proposals are given. 
2. Remaining details on wake-up signal functions
2.1. Wake-up signal with DTX vs. Wake-up signal with no DTX
Wake-up signal with DTX
As one example of wake-up signal with DTX, a signal is transmitted to indicate that the UE needs to decode subsequent physical channel for idle mode paging, and DTX is used to indicate UE not to decode subsequent physical channel for idle mode paging. 
There are two options for DTX operation
· Option 1: nothing is transmitted in DTX resources
If nothing can be transmitted in DTX resources, actually the resources are reserved by the cell no matter the UE needs to decode subsequent physical channel for idle mode paging or not. In this case, UE monitors the DTX resources and receives nothing.
· Option 2: WUS signal is not transmitted in DTX resources
In this case, other channels or signals except wake-up signal can be transmitted in DTX resources. UE monitors the DTX resources and receives no WUS. Since the resources can be utilized for other purpose, the overhead of wake-up signal is lower than Option 1. It is agreed that Long ZC sequence based signal is considered as the starting point for WUS signal [1].  To avoid the false alarm or performance degradation caused by UE regarding NPSS/NSSS as WUS and detecting it, NPSS and NSSS are not transmitted in DTX. Other signals or channels besides WUS, NPSS and NSSS can be transmitted in DTX. Taking the above analysis into account, Option 2 is preferred.
Before monitor paging PDCCH, UE need to complete DL synchronization especially from long DRX/eDRX cycle. If DTX is transmitted by cell, UE cannot use WUS sequence for DL synchronization. Alternatively, UE can use NPSS/NSSS to complete synchronization and this procedure may need more time than using WUS to do synchronization. Of course, UE can skip synchronization procedure for some DRX/eDRX cycle if the cycle is short and UE will finish synchronization in the later cycles. 
The main advantage for wake-up signal with DTX is that it has smaller WUS overhead than wake-up signal with no DTX and it has little impact on continuous transmission of other channels like NPDCCH.
 Wake-up signal with no DTX
One example of wake-up signal without DTX is that, a signal (e.g., one root of sequence) is transmitted to indicate that the UE needs to decode subsequent physical channel for idle mode paging while another signal (e.g., another root of sequence) is used to indicate UE not to decode subsequent physical channel for idle mode paging.
The main issue for wake-up signal without DTX is that its overhead is much higher than the overhead of wake-up signal with DTX. Assuming 10% paging rate, the overhead is 10 times (100% vs 10%) of that for WUS with DTX. Another issue is that it will impact continuous transmission of other channels like NPDCCH.
Proposal 1: Confirm the working assumption that WUS/DTX is adopted for the power saving signal for IDLE mode paging.
Proposal 2: Signals/channels excluding WUS, NPSS and NSSS can be transmitted in DTX.
2.2. Cell specific scrambling and time varying scrambling
In last meeting, time varying scrambling is proposed in [3] to solve the problem that one UE may be wrongly indicated by the prior WUS which is actually for other UE (inter-PO false alarm). If WUS signal is decoded with relying on prior synchronization, then UE wakes up to finish re-sync by NPSS/NSSS before detecting WUS, this problem may not happen and time varying scrambling may be not needed because UE is in synchronization. 
Observation 1: If WUS signal is decoded with relying on prior synchronization, time varying scrambling may be not needed because UE is in synchronization by NPSS/NSSS before detecting WUS.
2.3. WUS to indicate UE/UE group
The baseline method for WUS for multi-users multiplexing is like the paging group concept in LTE, where maximum 16 UEs are grouped into one group. If one UE in the group need to decode NPDCCHs, the WUS indicates all UEs to monitor NPDCCHs (unnecessary alarm). Unnecessary alarm will lead to unnecessary power consumption for other UEs due to unnecessary monitoring NPDCCH even if no paging is for that UE. 
Let R denote the paging ratio and N denote the number of users in one group which share the same WUS with two meanings (to decode subsequent physical channel for idle mode paging or not). Assuming the paging rate for one user is 10% and different users are independent in paging. Then the probability (P) of unnecessary alarm can be calculated by   P=(1-R)(1-(1-R)N-1). 
Since the maximum number of users on one group is 16, we set N to be from 1 to 16 and set P to be 10% according to the evaluation assumptions by email discussion output [6]. The probability of unnecessary alarm with different number of users per group is illustrated in Figure 1. It can be found that with N increasing, the unnecessary alarm probability also increases. The worst case is 71.47% when N is 16 users. This will significantly reduce the power saving of WUS. Please note that the WUS is likely to be the same mechanism as paging in Tracking Area (TA). All the cells in one TA will send paging for one UE in idle mode. This will make the number of UEs in one group large and the problem of unnecessary alarm gets worse.
Observation 2: With larger number of UEs in one group, unnecessary alarm probability increases and this will significantly reduce the power saving of WUS.
Proposal 3: The unnecessary alarm problem should be considered and solutions need to be studied, especially when the number of UEs in one group is large.
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Figure 1: Probability of unnecessary alarm with different number of users per group (P is 10%)
2.4. WUS for RRC Connected DRX (CDRX)
For connected mode, when the traffic density is low, it is similar as idle mode and wake-up signals is also effective for power saving. On the contrary, when the traffic density is high, most likely UE need to monitor NPDCCH together with additional WUS. This may cause no power saving by introducing WUS in this case. However, for high traffic density, a compact NPDCCH with reduced DCI bits can be considered to decrease the repetition number and to save power. Or a Go-to-sleep signal instead of WUS can be configured for UE when the traffic density is high. What’s more, the wake-up signal in connected mode can be switched on or off according to different traffic density.
The power saving gain to introduce WUS for CDRX is estimated. The power saving parameter and simulation assumptions for different MCL are shown in Table 1 below [4]. We assume WUS for CDRX is relying on the NPSS/NSSS. The related SYNC duration for MCL of 14, 154 and 164dB is 20ms, 40ms and 80ms, respectively. In [5], simulation results show that 1ms WUS duration can achieve good performance in case of 144dB MCL. So for 154 and 164dB MCL, the WUS duration is assumed to be proportional to the required Rmax. So for Rmax of 256 and 2048, the corresponding WUS duration is 16 and 128ms, respectively. The reference power consumption model is listed in Annex [6].
Table 1: Power saving parameter and simulation assumptions for different MCL 
	MCL (dB)
	SNR (dB) inband / guardband
	Required Rmax (assuming ETU 1Hz, 2Tx)
	SYNC duration (ms)
	WUS duration (ms)

	144
	3.5
	16
	20
	1

	154
	-6.5
	256
	40
	16

	164
	-16.5
	2048
	80
	128


[bookmark: _GoBack]Two schemes are compared. 
· Candidate scheme: WUS is used before ON duration before each DRX cycle. If WUS indicates YES, UE will continue to monitor NPDCCH. If NOT, UE will go to sleep.
· Reference scheme: No WUS is used. In each DRX cycle, UE will monitor NPDCCH in ON duration. 
One NPDCCH period is assumed for ON duration. If more than one NPDCCH period is assumed for ON duration, the power saving gain will be become even larger. UE will monitor a valid NPDCCH in 20% of ON duration and there is no grant for the left 80% ON duration. 
The estimated power ratio between Candidate scheme and Reference scheme is denoted as PCANDIDATE/PREF. The power saving gain will becomes larger when Rmax becomes larger.
 Observation 3: Introducing power saving into CDRX will be beneficial for UE power consumption. The power saving gain will becomes larger when Rmax becomes larger.
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Figure 1: estimated PCANDIDATE/PREF when WUS is used in CDRX

Proposal 4: Support power saving signal for connected mode DRX. 
· FFS: Related details including signal or channel.
· FFS: Whether power saving signal is configurable according to traffic density or not.
3. Conclusion
In this contribution, some issues for wake-up signals functions are discussed and the following observation and proposals are given. 
Observation 1: If WUS signal is decoded with relying on prior synchronization, time varying scrambling may be not needed because UE is in synchronization by NPSS/NSSS before detecting WUS.
Observation 2: With larger number of UEs in one group, unnecessary alarm probability increases and this will significantly reduce the power saving of WUS.
Observation 3: Introducing power saving into CDRX will be beneficial for UE power consumption. The power saving gain will becomes larger when Rmax becomes larger.
Proposal 1: Confirm the working assumption that WUS/DTX is adopted for the power saving signal for IDLE mode paging.
Proposal 2: Signals/channels excluding WUS, NPSS and NSSS can be transmitted in DTX.
Proposal 3: The unnecessary alarm problem should be considered and solutions need to be studied, especially when the number of UEs in one group is large.
Proposal 4: Support power saving signal for connected mode DRX. 
· FFS: Related details including signal or channel. 
· FFS: Whether power saving signal is configurable according to traffic density or not.
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Annex
Table 2: Reference power consumption model [6]
	Operating mode
	Power [units/ms]
	Total ramp up or ramp down time [ms]
	Notes

	Receive
	100
	
	RF and baseband circuitry

	Light sleep
	1
	
	Corresponds to maintaining accurate timing by
keeping RF frequency reference active.

	Transitions to or from light sleep
	50
	15
	Boot, reload memory etc.



The proponent of candidate technologies should declare the assumed power model used in the evaluations of the candidate technology
Note: A unit of power is not defined to be the same between NB-IoT and eMTC
Note: The above parameters apply only to some architectures. It does not mean all the UEs will support it.
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