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Introduction
In RAN1#92, the working assumption for WUS function was agreed as follows.
· For UE operating WUS, UE is allowed to relax RRM measurements, at least for low mobility UEs, to once every N DRX cycles, where N is FFS
· The RRM measurement relaxation is enabled/disabled by the network.
· WUS can still be enabled by the network when the RRM measurement relaxation is disabled.
· Note: This does not imply any change in the random access procedure / power control / CE level selection, nor relaxations in the requirements related to the random access procedure.
· WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles
· FFS for eDRX case
· FFS whether N depends on the length of PTW.
· For 164dB MCL, there is a WUS configuration that enables sync for at least a value of N>1 for at least the smallest DRX cycle.
· FFS for other DRX cycles and values of N
· FFS whether N is fixed, configurable, or depends on the DRX cycle

This contribution aims to provide analysis for WUS with sync function and relaxed RRM measurements.

Legacy Sync function
Figure 1 illustrates the pre-synchronization and WUS detection operations. Legacy synchronization signals NPSS and/or NSSS can be used to pre-synchronize and confirm device is in same cell for idle paging UE. In case the cell ID has changed since device was last awake, a typical implementation can determine device is not in the same cell during the NPSS and NSSS detection stage and trigger cell re-selection if needed. 
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Figure 1. Pre-synchronization and WUS detection operations

Figure 2 illustrates a sliding detector used for the NSSS or WUS. The time drift requires a larger detector window size. Table 2 below shows detector window size for some example DRX cycle configurations. 
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Figure 2. Sliding WUS correlator

The UE uses NPSS and/or NSSS for synchronization depending on DRX configuration. 
· For DRX cycle of up to 10.24s, it is not necessary to use the NPSS. The UE can centre sliding detector window around approximate NSSS timing with some margin on either side to allow for the time drift. The UE first tries the NSSS sequence linked to the serving cell ID, and if not successful try other NSSS sequences.
· For eDRX cycle of up to 2.91h (1024*10.24), the NPSS is first used to determine approximate timing of NSSS within a few samples in the stronger cell as the time drift can be up to several 100 ms. In case cell ID has changed, the UE will further need to blindly detect up to 504 NSSS sequences. 
In a typical implementation, a low-accuracy power efficient 32 kHz crystal is used to maintain Real Time Clock (RTC) during deep sleep to save power consumption.  When UE awakes, a higher-accuracy higher-frequency crystal is used for normal baseband operations. Assuming an external 32 kHz crystal with ±125 ppm accuracy, for the extreme case of the huge temperature change, the time drift may be ±125us per second and the frequency drift is ±4.1 Hz per second. Table 1 gives some examples of time and frequency drifts considering the worst case. 
The time drift exceeds 20 ms for eDRX cycle greater than 160s assuming 32 kHz crystal RTC. The UE will need to increase its detector window size by at least 20 ms on either side. There will be at least one NSSS available for pre-sync. For longer eDRX cycles, the time drift may be several times 20 ms with multiple NSSS available for pre-sync. In good coverage, the UE may synchronize using only one NSSS. In normal-to-poor coverage, the UE may synchronize with averaging over multiple NSSS.   
Observation 1: There will be at least one NSSS available for pre-sync for time drift of 20 ms.
The processing requirements increases linearly with the time drift due to larger detector windows – e.g. processing requirements increase is 0.64x or 64% ((0.32ms * 2)/1 ms * 100) with DRX=2.56s, and 41.5x or 4150% for eDRX=163.84s. For max eDRX cycle 2.91h, the processing requirements are 2621 times higher by assuming the WUS is transmitted in 1 ms (no repetition). 
Observation 2: The processing requirements increases linearly with the time drift due to larger detector windows.
	
	Max time drift
	Processing requirements

	Rel-8 DRX  (2.56s)
	0.32 ms
	0.64x

	Rel-13 DRX (10.24s)
	1.28 ms
	2.56x

	Rel-13 eDRX (163.84s)
	20.48 ms
	40.96x 

	Rel-13 eDRX (2.91h)
	1311 ms
	2621x 


Table 1: Examples for time and frequency drifts with DRX / eDRX configurations

Proposal 1: Synchronization based on the WUS is practical for small DRX cycles assuming low mobility UEs and maximum time drift in the order of 1 ms.
WUS sync function
When considering WUS sync function, three cases apply for idle paging UE as illustrated on Figure 3.
· Case (a):  Pre-sync using NPSS/NSSS prior of WUS detection.
· Case (b):  WUS detection w/o pre-sync, but post-sync using NPSS/NSSS prior to NPDCCH decoding. 
· Case ©:  WUS provides sync function for WUS detection and NPDCCH/NPDSCH decoding.
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Figure 3. Cases for WUS sync function

RAN1 agreed on ZC-based WUS design. It is FFS if same ZC sequence length of 131 as used by NSSS.  The WUS design is linked to the cell ID. With these design assumptions, synchronization operations based on the WUS or the NSSS are expected to have similar processing complexity or detection performance. 
Observation 3: synchronization operations based on the WUS or the NSSS are expected to have similar processing complexity or detection performance

Following pre-synchronization stage using NPSS/NSSS and WUS, inner receiver warming up time is needed to obtain accurate coherent combining length and better SNR estimates used in channel estimation and demodulation modules for the decoding of NPDCCH. For non-zero gap of 40 ms on anchor carrier or 10 ms on non-anchor carrier in case (a) and case (b), the NRS may be used for inner warming up and to maintain synchronization [1].  
Observation 4: Post-synchronization operations after WUS detection can use NRS for non-zero gap of 40 ms on anchor carrier or 10 ms on non-anchor carrier.
Observation 5: Post-synchronization operations after WUS detection can use NSSS during non-zero gap of 40 ms on anchor carrier or 20 ms on non-anchor carrier.

We make the following proposals.
Proposal 2: It is up to UE implementation to use NPSS/NSSS or WUS for synchronization operations when waking up from DRX.
Proposal 3: WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for N=4 DRX cycles or 10.24s = 4*2.56s. 
Proposal 4: WUS post sync support is not needed

[bookmark: _Ref481671177]Power consumption analysis with WUS Sync function
A power consumption model by extracting the power profile and the active processing time from the field trial log is used to evaluate the power consumption reduction. We set DRX cycle 2.56sec and paging rate 10%. We consider two cases:
1. DRX cycle 2.56 sec
2. eDRX cycle 20.48sec with PTW 10 sec
We set  Rmax 256 (standalone) and 1024 (inband), and the practical pre-sync times of  2ms, 6ms, 20 ms (standalone), 6 ms, 20 ms,  34 ms (inband) for MCL = 144dB, 154 dB, 164 dB. The power consumption reduction gains with and without pre-sync are shown in Table 3.
	(e)DRX cycle
	
	NB-IoT Standalone
	NB-IoT Inband

	
	MCL
	144 dB
	154 dB
	164 dB
	144 dB
	154 dB
	164 dB

	
	NPDCCH decoding with early termination
	1x
	1x
	1x
	1x
	1x
	[bookmark: _GoBack]1x

	2.56s (N=1)
	WUS with pre-sync
	0.98x
	0.65x
	0.45x
	0.65x
	0.53x
	0.22x

	
	WUS skip pre-sync
	0.94x
	0.48x
	0.26x
	0.52x
	0.35x
	0.17x

	20.48s (N=8)
	WUS with pre-sync
	0.99x
	0.69x
	0.47x
	0.7x
	0.56x
	0.23x

	
	WUS skip pre-sync
	0.96x
	0.54x
	0.29x
	0.63x
	0.41x
	0.18x



Table 3 Power consumption analysis for WUS with skip pre-sync
Observation 6: Skipping pre-sync for N*DRX = N*2.56s cycles has power consumption reduction gain < 10%  for MCL=164 dB and < 5% for MCL=14 dB and for N > 1
· MCL=164 dB
· N=1, ~11%  (standalone), ~9%  (inband) 
· N=8, ~5%  (standalone),  ~7%  (inband)
· MCL=144 dB
· N=1, ~0%  (standalone), ~5%  (inband) 
· N=8, ~0%  (standalone),  ~0%  (inband)

Conclusion
In this contribution, we discussed function n aspects for the WUS.
Observation 1: The processing requirements increases linearly with the time drift due to larger detector windows.
Observation 2: There will be at least one NSSS available for pre-sync for time drift of 20 ms.
Proposal 1: Synchronization based on the WUS is practical for small DRX cycles assuming low mobility UEs and maximum time drit in the order of 1 ms.
Observation 3: synchronization operations based on the WUS or the NSSS are expected to have similar processing complexity or detection performance
Observation 4: Post-synchronization operations after WUS detection can use NRS for non-zero gap of 40 ms on anchor carrier or 10 ms on non-anchor carrier.
Observation 5: Post-synchronization operations after WUS detection can use NSSS during non-zero gap of 40 ms on anchor carrier or 20 ms on non-anchor carrier.
Proposal 2: It is up to UE implementation to use NPSS/NSSS or WUS for synchronization operations when waking up from DRX.
Proposal 3: WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for N=4 DRX cycles or 10.24s = 4*2.56s. 
Proposal 4: WUS post sync support is not needed
Observation 6: Skipping pre-sync for N*DRX = N*2.56s cycles has power consumption reduction gain < 10%  for MCL=164 dB and < 5% for MCL=14 dB and for N > 1
· MCL=164 dB
· N=1, ~11%  (standalone), ~9%  (inband) 
· N=8, ~5%  (standalone),  ~7%  (inband)
· MCL=144 dB
· N=1, ~0%  (standalone), ~5%  (inband) 
· N=8, ~0%  (standalone),  ~0%  (inband)
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