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Introduction
In RAN1#92bis, the following agreements were made on aspects of NB-IoT Wake Up Signal (WUS) configurations:
Confirm the following working assumption 
· WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.
· Note: the above applies to at least the case where the gap is large enough for scheduling UE
· Note: the above does not imply that subgroup of UEs is introduced and that subgroup is TDM

3 bits are used to indicate the scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS

	The gap between the end of configured maximum WUS duration and the first associated PO is equal or larger than the minimum value which is implicitly or explicitly configured and is an absolute number of subfames 
· There are at least 10 valid subframes between the end of configured maximum WUS duration and the first associated PO.
FFS: whether to define UE capability for wake-up time

WUS is postponed in subframes that are not NB-IoT DL subframes and is not transmitted [FFS dropped/postponed] in the subframes that carries SIs other than SIB1.
· Note: “Postpone” means the corresponding subframes are not counted as configured maximum WUS transmission duration and actual WUS transmission duration.
· Note: This does not imply that the minimum gap between the end of actual WUS duration and the first associated PO is reduced

In previous meetings RAN2 sent LS to RAN1 about Wake-Up Signal and Paging Occasion (PO):
RAN2#100
· From RAN2 perspective, it is feasible to configure the WUS to be applied to a group of UEs associated to one PO. It should be noted that some companies have raised concerns about the benefit and added complexity.
RAN2#101
· From RAN2 perspective, it is feasible to apply one wake-up signal to multiple POs in a PTW. The number of POs mapped to one WUS should be configurable by the eNB.
RAN2#101bis
· WUS is an optional UE capability signalled in the RRC RadioPagingInfo(-NB).
· WUS configuration info is broadcasted in IE RadioResourceConfigCommonSIB(-NB) in SIB2(-NB). 
· At least some configuration is also per-carrier configuration in SIB22. FFS if certain carriers can be enabled/disabled.
· When the UE supports WUS and WUS configuration info is broadcasted, then WUS is used to indicate that the UE shall attempt to receive paging in that cell
· If UE detects WUS the UE shall monitor the following N PO(s) (N≥1), unless paged.
· Working assumption: RAN2 assume paging operation in MME is not impacted. 
This contribution aims to further discuss some aspects of WUS configuration agreements requiring further study as listed above.

Non zero gap between WUS and associated Paging Opportunity
Figure 1 illustrates the non-zero gap between end of WUS and associated NPDCCH in Paging Opportunity (PO)_. A non-zero gap is needed for the processing time in the WUS detection baseband module and  inner warming-up time of the baseband modules in the device modem used for the detection of the associated NPDCCH in PO.
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Figure 1. Non-zero gap between end of WUS and associated NPDCCH in PO

Observation 1:  Non-zero gap between end of WUS and associated NPDCCH / PO needs to be sufficiently long to allow WUS detection processing time and inner warming up before NPDCCH detection in associated PO.
After WUS detection, inner warming up time is needed to obtain accurate coherent combining length for channel estimation better SNR estimates using NRS, before detection of NPDCCH can proceed. In a typical UE implementation, the WUS is transmitted and detected in low-power baseband module. Power consumption reduction of up to a third can be achieved compare to detecting WUS in main baseband module [1].
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Figure 2. Inner-warming up in device
Observation 2: Pre-sync using legacy NPSS/NSSS followed by WUS detection before inner warming up time is used to wake main baseband module for detection of NPDCCH for paging and further processing.

The duration of the inner-warming up time depends on SNR conditions and NB-IoT deployment as shown in Table 1.
	
	MCL

	
	144 dB
	154 dB
	164 dB

	Standalone
	0 ms
	20 ms 
	20 ms

	Inband
	20 ms
	20 ms
	40 ms


Table 1: inner warming up times for NB-IoT standalone and inband scenarios on anchor carrier
The NB-IoT standalone scenario requires smaller inner warming up time than that in inband scenario due to better SNR conditions. In typical UE implementation, the idle UE camps on the anchor carrier. In the worst case, non-zero gap of 40 ms on anchor carrier is required for inner warming up time. The non-zero gap on non-anchor carrier can be 10 ms, as NRS are only available for 10 ms before NPDCCH for paging in CSS Type. Assuming long eDRX and UE camps on a non-anchor carrier, the inner receiver will wake up to acquire reference signals (NPSS NSSS NPBCH) in the anchor carrier.
With the above considerations, it is proposed to define a subset of non-zero gap configuration parameters on SIB2 / SIB22 optimized for NB-IoT deployment scenarios.  It is further proposed that the UE indicates its preference for UE-specific non-zero gap configuration parameters via semi-static signalling. Further RAN2 aspects of wake-up UE capability and WUS time configuration are addressed in [2]. 
Proposal 1: A subset of non-zero gap values between the end of configured maximum WUS duration and the first associated PO including at least 10 ms for non-anchor carrier and 40 ms for anchor carrier is indicated on SIB2 / SIB22.  
Proposal 2: The idle paging UE indicates its preference for UE-specific non-zero gap configuration parameters in wake-up time UE capability via semi-static signalling.
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Configuration of WUS with idle mode paging UE groups 
RAN2#101bis agreed assumption paging operation in MME is not impacted. This means that WUS is a RAN feature; MME sends paging to RAN and RAN decides whether to send WUS before sending paging message to UE An intelligent eNB can moderate repetitions of paging messages based on the last paging transmission from the core network – i.e. paging attempt number, last coverage level for paging. It is proposed that the coverage class level handling in paging procedure is used for WUS.
Proposal 3: The coverage class level handling in paging procedure can be re-used for WUS without modification.
In [3], options for WUS monitoring considering mapping between WUS and PO are addressed. There is a trade-off between UE’s main receiver wake up (result in UE’s power consumption) and WUS resource overhead. If more UEs in a group associates to the same WUS, there is higher probability that a UE in group that is not paged unnecessarily wakes up to detect NPDCCH if another UE in the group is paged.  Consider a group of UEs with same duty cycle, evenly paged in the duty cycle, and idle mode DRX cycle 2.56 sec. The paging probability is listed in Table 4 and the UE’s main receiver wake up probability is shown in Figure 3.
· With 100 UEs associated to a WUS and duty cycle 1 min, the UE’s main receiver wake up probability is 0.99. 
· With 50 UEs associates to a WUS and duty cycle 15 mins, the main receiver wake up probability is 0.13. 


	Duty cycle
	1 min
	5 mins
	10 mins
	15 mins
	30 mins
	60 mins

	Paging probability 
	0.0427
	0.0085
	0.0043
	0.0028
	0.0014
	0.0007


Table 4: Duty cycle and paging probability of UEs in a WUS group


Figure 3: WUS association and UE’s main receiver wake up probability
Figure 4, the WUS resource overhead increases with the number of UE groups. Table 5 list the UE CE level distribution probability and the corresponding WUS repetition number.   
Case 1: WUS resource transmitted without repetition optimisation 
To guarantee a WUS detection rate < 1%, the eNB transmit WUS in a conservative way with sufficient repetitions for the worst case in extreme coverage. This requires up to 125% increase in WUS overhead per DRX cycle with 100 UE groups.  
Case 2: WUS resource transmitted with repetition optimisation
For stationary case, the eNB can store CE level information of UEs associated to the same WUS and only transmit WUS with the required number of repetitions. The repetition number of a WUS is dominated by the worst CE level experienced by any of the UEs in the WUS group. This requires up to 20% increase in WUS overhead per DRX cycle with 100 UE groups.   

	
	144 dB MCL
	154 dB MCL
	164 dB MCL

	UE CE level distribution probability 
	0.85
	0.0
	0.05

	WUS repetition number
	1
	16
	32


Table 5: UE CE level distribution probability and the corresponding WUS repetition number


Figure 4: WUS resource overhead

Observation 3: The UE power consumption increases with UE grouping due to UE waking up when other UEs in the group are paged.
Observations 4: The WUS overhead can be reduced with UE grouping
Proposal 4: Adopt UE grouping and 1-to-N mapping for idle UE – FFS value of N

Enabling or disabling WUS  
In Section 4, it was proposed the coverage class level handling in paging procedure can be re-used for WUS without modification. The power consumption reduction in baseband processing compare to early NPDCCH detection termination without WUS for idle paging UEs in normal coverage is about 2% for MCL=144 dB, 35% for MCL=155 dB, 55% for MCL=35% for standalone NB-IoT deployment scenario; or about 35% for MCL=144 dB, 47% for MCL=154 dB, 78% for MCL=164 dB for inband NB-IoT deployment scenario. The power consumption reduction for baseband processing with WUS compared to NPDCCH early termination baseline are summarized in Table 5 and 6.  

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

	NPDCCH early termination (baseline)
	1.0x
	1.0x
	1.0x

	WUS
	0.98x
	0.65x
	0.45x


Table 5. Power consumption reduction for baseband processing in NB-IoT standalone deployment scenario – DRX cycle=2.56s, paging rate 10%, Rmax=256.

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

	NPDCCH early termination (baseline)
	1.00x
	1.0x
	1.0x

	WUS
	0.65x
	0.53x
	0.22x


Table 6. Power consumption reduction for baseband processing in NB-IoT inband deployment scenario – DRX cycle=2.56s, paging rate 10%, Rmax=256
Observation 5:  The WUS power consumption reduction gains in baseband processing depend on NB-IoT deployment and coverage conditions experienced at the idle paging UE.

In a typical NB-IoT receiver implementation, the main contributor to power consumption is the RF receiver module. The baseband processing accounts for less than half the power consumption. In normal coverage, NPDCCH does not need to be repeated whereas the NPDCCH may need to be repeated several hundreds of times for idle paging UEs in deep or extreme coverage. For these reasons, the WUS signal is relatively less beneficial in terms of overall power consumption reduction for idle paging UEs in normal coverage than in deep or extreme coverage. If the eNB knows that all ide paging UEs in the cell may be likely to experience normal coverage conditions, it may be better for the eNB to disable the WUS feature and indicate this via SIB.
Observation 6:  The WUS signal impact on overall power consumption reduction gains for idle paging UE in normal condition is less significant than for idle paging UEs in deep or extreme coverage.
Proposal 5: WUS enabling/disabling indicator is added in SIB.

Conclusion
In this contribution, we further discussed aspects of WUS configuration agreements. The following observations and proposals were made.
Observation 1:  Non-zero gap between end of WUS and associated NPDCCH / PO needs to be sufficiently long to allow WUS detection processing time and inner warming up before NPDCCH detection in associated PO.
Observation 2: Pre-sync using legacy NPSS/NSSS followed by WUS detection before inner warming up time is used to wake main baseband module for detection of NPDCCH for paging and further processing.
Proposal 1: A subset of non-zero gap values between the end of configured maximum WUS duration and the first associated PO including at least 10 ms for non-anchor carrier and 40 ms for anchor carrier is indicated on SIB2 / SIB22.  
Proposal 2: The idle paging UE indicates its preference for UE-specific non-zero gap configuration parameters in wake-up time UE capability via semi-static signalling.
Proposal 3: The coverage class level handling in paging procedure can be re-used for WUS without modification.
Observation 3: The UE power consumption increases with UE grouping due to UE waking up when other UEs in the group are paged.
Observations 4: The WUS overhead can be reduced with UE grouping
Proposal 4: Adopt UE grouping and 1-to-N mapping for idle UE – FFS value of N
Observation 5:  The WUS power consumption reduction gains in baseband processing depend on NB-IoT deployment and coverage conditions experienced at the idle paging UE.
Observation 6:  The WUS signal impact on overall power consumption reduction gains for idle paging UE in normal condition is less significant than for idle paging UEs in deep or extreme coverage.
[bookmark: _GoBack]Proposal 5: WUS enabling/disabling indicator is added in SIB.
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Prob of UE's main receiver wake up




WUS association and resource overhead

WUS resource without repetition optimization	1	2	5	10	20	50	100	1.2500000000000001E-2	2.5000000000000001E-2	6.25E-2	0.125	0.25	0.625	1.25	WUS resource with repetition optimization	1	2	5	10	20	50	100	1.2500000000000001E-2	2.5000000000000001E-2	6.25E-2	9.375E-2	0.12695000000000001	0.13866999999999999	0.15820000000000001	Number of WUS groups per DRX cycles (2.56 sec)


WUS resource overhead
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