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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#90bis, we made the following working assumptions:
· For idle mode,
· In specifying a power saving physical signal to indicate whether the UE needs to decode subsequent physical channel(s) for idle mode paging, select a candidate among the following power saving physical signals:
· ‘Wake-up signal or DTX’ with new periodic sync signal
· ‘Wake-up signal or DTX’ without new periodic sync signal
· Study till the next meeting how to ensure sufficient sync performance.
· Consider potential synergies with the WI objective on Reduced system acquisition time.
· Consider impacts from mobility.

This contribution performs evaluation on WUS with and without additional new periodic sync signals, where the performances are evaluated in terms of reliability, energy consumption and additional resource usage.  We also consider some aspects of mobility in using WUS.
2. Reliability & Repetitions
We consider a WUS sequence described in [1], which is a ZC sequence of length 63 in the frequency domain with a PN sequence cover code.  A frequency shift is applied to every even symbol for interference mitigation and this sequence is repeated in the time domain to meet the required reliability at a specific MCL.
We evaluate the repetitions required for a targeted reliability using the simulation assumptions agreed in [2] in a link level simulation.  The time drifts incurred prior to detecting the first WUS in a PTW TeDrift-WUS, for each scenario are calculated based on the paging rate and number of POs per PTW in [2].  In [3], it is proposed that subframe level switched transmit diversity is used for WUS especially at 164 dB MCL.  We included this in our simulation for all scenarios.  It should be appreciated that if the number of repetitions (in OFDM symbols) does not exceed 12 then switched antenna diversity is not used since the WUS transmission is completely contained in a subframe.  The targeted WUS False Alarm Rate is set to 7%, which is below the rule of thumb rate of 10%.  These additional parameters are summarized in Table 1.
[bookmark: _Ref498527642]Table 1: Time drifts and TxDiv
	Item
	Parameters
	Scenario

	 
	 
	A
	B
	C

	1
	Paging Probability in PTW
	N/A
	0.3439
	0.3439

	2
	WUS, TeDrift-WUS (ms)
	0
	1.191044
	19.0567

	3
	Subframe level swtiched TxDiv
	Yes
	Yes
	Yes

	4
	False Alarm Rate
	7%
	7%
	7%



The Miss Detection Rate against WUS repetitions in number of OFDM symbols at 144 dB, 154 dB and 164 dB MCL for each of the scenarios are plotted in Figure 1.  As expected Scenario C with large TeDrift-WUS requires more repetitions compared with those with smaller TeDrift-WUS.  
[image: ]
[bookmark: _Ref498528339]Figure 1: Miss detection rate vs WUS repetitions (OFDM symbols) for False Alarm Rate of 7%

The number of repetitions rounded up to the nearest multiple of 2s and the corresponding WUS detection time TWUS, assuming 12 OFDM symbols are used per subframe, are summarized in Table 2.  
[bookmark: _Ref498528880]Table 2: WUS repetitions (OFDM symbols) for False Alarm Rate of 7%
	Item
	Parameters
	Scenario A
	Scenario B
	Scenario C

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

	1
	Repetitions (OFDM symbols)
	2
	12
	128
	2
	14
	132
	2
	16
	146

	2
	Detection time, TWUS (ms)
	0.143
	0.857
	10.667
	0.143
	1.17
	11.00
	0.14
	1.33
	12.17



In addition to transmit diversity, e.g. such as subframe level switched transmit diversity we should also consider other schemes to reduce WUS repetitions such as frequency hopping.  To compensate for TeDrift-WUS, the frequency hopping between two narrowbands, e.g. f1 and f2 can overlap between hops as shown in Figure 2, where the UE may start its WUS detection on f1 early at time t0 and then hops to f2 at time t2.  An overlap between f1 and f2 between time t2 and t3 would then compensate for possible TeDrift-WUS experienced by the UE.
[image: ]
[bookmark: _Ref498598256]Figure 2: WUS frequency hopping
Proposal 1: Consider transmit diversity and frequency hopping to reduce WUS repetitions.

3. UE Energy Consumption
We evaluate the UE energy consumption for WUS without additional sync signal and WUS with additional sync signal such as MSS [4].  The energy consumption for the baseline (without any WUS or MSS) is also calculated using the time diagram model in Figure 3 of the Appendix and the relative energy consumption using WUS with and without MSS is calculated as a percentage of that in the baseline.
For WUS without MSS, we use the WUS detection time TWUS in Table 2 in energy calculation.  The time diagram model used is shown in Figure 4 of the Appendix.
For WUS with MSS, we assume one MSS is transmitted per eDRX cycle as shown in the time model diagram in Figure 5.  The time drift in the DRX cycle in Scenario A [2] does not cause the UE to lose sync with the network and hence MSS is not used in Scenario A.  The MSS detection times TMSS, used are based on the evaluation in [4] targeting 1% incorrect decoding.  The additional parameters used for the energy evaluation are summarized in Table 3.
[bookmark: _Ref498535102]Table 3: Additional assumptions
	Item
	Parameters
	MCL

	 
	 
	144 dB
	154 dB
	164 dB

	1
	Sync time from deep sleep, TSync-Deep using PSS/SSS (ms)
	10
	50
	850

	2
	MPDCCH repetitions, TMPDCCH (ms)
	1
	4
	64

	3
	PDSCH repetitions, TPDSCH (ms)
	2
	8
	256

	4
	Cross subframe scheduling delay (ms)
	1
	1
	1

	5
	Number of MSS per eDRX cycle
	0
	1
	1

	6
	MSS length, TMSS (ms)
	0
	0.571
	6



For WUS with MSS, the time drift TeDrift-WUS depends on the delay between the MSS and the WUS (TMSS-WUS) assuming the UE is synched using the latest MSS prior to the WUS.  Since the TeDrift-WUS has an impact on the WUS detection time TWUS, which also impacts the energy consumption, we consider two cases: when the TMSS-WUS > 0 as in Figure 5 and where the WUS is next to the MSS, ie. TMSS-WUS=0 as shown in Figure 6 of the Appendix.  For the case when TMSS-WUS>0, the MSS is placed in the middle of the eDRX cycle.  The 3 WUS cases are summarized in Table 4.
[bookmark: _Ref498536189]Table 4: WUS cases
	Item
	WUS Case
	Time between MSS & WUS TMSS-WUS (ms)

	 
	 
	Scenario A
	Scenario B
	Scenario C

	1
	WUS without MSS
	N/A
	N/A
	N/A

	2
	WUS with MSS (TMSS-WUS>0)
	N/A
	10240
	163840

	3
	WUS with MSS (TMSS-WUS=0)
	N/A
	0
	0



The energy consumption of each WUS case as a percentage of that in the baseline are summarized in Table 5.
[bookmark: _Ref498608490]Table 5: Energy consumption as a percentage of that in the baseline
	WUS Case
	Scenario A
	Scenario B
	Scenario C

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

	WUS without MSS
	98.34%
	94.51%
	66.86%
	88.48%
	63.41%
	21.29%
	99.90%
	85.68%
	31.06%

	WUS with MSS (TMSS-WUS>0)
	98.34%
	94.51%
	66.86%
	112.41%
	78.50%
	23.12%
	107.59%
	91.88%
	32.17%

	WUS with MSS (TMSS-WUS=0)
	98.34%
	94.51%
	66.86%
	88.27%
	62.50%
	21.17%
	97.30%
	82.94%
	30.18%



Since MSS was not used in Scenario A, the results are the same as those in WUS without MSS.  Generally, it is observed that higher energy saving is obtained at higher MCL, since it is more costly in terms of repetitions to monitor a MPDCCH at higher MCL compared to that at lower MCL.
Observation 1: Higher energy savings is obtained at higher MCL using WUS with & without MSS.

One of the benefits of using MSS is that it reduces the time drift TeDrift-WUS prior to the WUS and thereby reduces the energy required to detect the WUS (energy spent waking up early to compensate for the drift and energy spent on longer TWUS detection time).  However, at 144 dB MCL, WUS with MSS for TMSS-WUS>0 wastes more energy than that of the baseline.  This is due to the need to spend extra energy monitoring the MSS which is not compensated for by the reduction in TeDrift-WUS.  
Observation 2: At 144 dB MCL, WUS with MSS for TMSS-WUS>0 wastes more energy than that of the baseline.

WUS with MSS for TMSS-WUS=0 has lower energy consumption than that of WUS with MSS for TMSS-WUS>0 in all scenarios and MCL.  This is because if TMSS-WUS>0, the UE needs to spend energy to ramp up and ramp down from deep sleep to monitor the MSS as shown in Figure 5, whereas if TMSS-WSS=0, this additional energy to ramp up and ramp down from deep sleep is not required as shown in Figure 6.  Although WUS with MSS for TMSS-WUS=0 needs to spend energy in monitoring the MSS, it still save more energy compared to WUS without MSS since there is effectively no time drift prior to detecting WUS, i.e. TeDrift-WUS = 0.  It should be noted that the time drift in WUS without MSS will increase if the paging rate is smaller or the eDRX cycle is longer.  With WUS with MSS for TMSS_WUS=0, since there is no time drift, the UE is synced to the network when reading WUS and an RS based WUS that can benefit from transmit diversity such as random precoding even within an OFDM symbol and frequency hopping can be used to further reduce the WUS repetition.
Observation 3: WUS with MSS for TMSS-WUS=0 has the least energy consumption among all 3 WUS cases.
Observation 4: WUS with MSS for TMSS-WUS=0 (i.e. no delay between end of MSS and start of first WUS in a PTW) has the following benefits 
· No energy spent on additional ramp up and ramp down from deep sleep to monitor MSS
· No time drift, TeDrift-WUS=0
· Avoid wasting energy waking up early due to time drift
· Reduce WUS repetition (TWUS) and hence reduce energy detecting for WUS.  It is expected that the longer the delay between MSS and WUS is, the larger the WUS repetition becomes.
· Since UE is synced to network, RS based WUS can be used that can potentially exploit benefits of random beamforming within an OFDM symbol and frequency hopping.

Hence if MSS is introduced, it is highly beneficial that this MSS is located just before the start of a WUS, e.g. the first WUS of a PTW.
Proposal 2: For operation of WUS with MSS, the MSS is located just before the start of a WUS, e.g. the first WUS of a PTW.

4. Resource Consumption
The parameters used for energy consumption evaluation are used to calculate the additional resources, in terms of number of PRBs required in addition to those used in the baseline for each of the 3 WUS cases and they are summarized in Table 6.
[bookmark: _Ref498613808]Table 6: Additional resource (PRB) consumption over the baseline
	WUS Case
	Scenario A
	Scenario B
	Scenario C

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

	WUS without MSS
	0.09
	0.51
	6.40
	0.09
	0.70
	6.60
	0.09
	0.80
	7.30

	WUS with MSS (TMSS-WUS>0)
	0.09
	0.51
	6.40
	0.94
	1.40
	7.29
	8.59
	9.21
	15.18

	WUS with MSS (TMSS-WUS=0)
	0.09
	0.51
	6.40
	0.94
	1.37
	7.26
	8.59
	9.01
	14.90



Since MSS is not used in Scenario A, there is no difference in terms of resource consumption.  Generally more additional PRB resources are required as the MCL increases due to the need of larger repetitions for the WUS and MSS.
Observation 5: The additional PRB resources required increases as MCL increases for WUS and MSS repetitions.

As expected WUS without MSS consumes the least PRBs resources among the 3 WUS cases.  WUS with MSS for TMSS-WUS =0 uses less PRB resources compared to that for TMSS-WUS>0.  This is because less WUS repetitions are required when TMSS-WUS=0 due to the reduction in time drift TeDrift-WUS prior to WUS detection.
Observation 6: WUS with MSS for TMSS-WUS=0 (i.e. no delay between MSS and the first WUS in a PTW) consumes less PRB resources compared to TMSS-WUS>0 (with delay between MSS and the first WUS).

5. Mobility
For eDRX and DRX, having additional sync signals such as MSS would reduce the time for UE to perform measurements and hence improves energy consumption.
For PSM operation, the UE is not expected to perform measurements and if the UE is operating with WUS, it is therefore useful to have an MSS that the UE can rely on for measurement.  However, if the PSM timer is too long the UE may move across cells (even for stationary UE channel condition can change) and hence the same WUS configuration from the original cell would not be applicable in the new cell, which may cause the UE to be unreachable via paging.  Here, a WUS validity timer can be configured for such a UE such that when the WUS validity timer expires, the UE will perform cell reselection and read the SIBs to obtain the new WUS configuration.
Proposal 3: Introduce a WUS validity timer in the WUS configuration such that when the WUS validity timer expires the UE would attempt to validate by reacquiring WUS parameters. 

6.   Conclusion
In this contribution we observe the following:
Observation 1: Higher energy savings is obtained at higher MCL using WUS with & without MSS.
Observation 2: At 144 dB MCL, WUS with MSS for TMSS-WUS>0 wastes more energy than that of the baseline.
Observation 3: WUS with MSS for TMSS-WUS=0 has the least energy consumption among all 3 WUS cases.
Observation 4: WUS with MSS for TMSS-WUS=0 (i.e. no delay between end of MSS and start of first WUS in a PTW) has the following benefits 
· No energy spent on additional ramp up and ramp down from deep sleep to monitor MSS
· No time drift, TeDrift-WUS=0
· Avoid wasting energy waking up early due to time drift
· Reduce WUS repetition (TWUS) and hence reduce energy detecting for WUS.  It is expected that the longer the delay between MSS and WUS is, the larger the WUS repetition becomes.
· Since UE is synced to network, RS based WUS can be used that can potentially exploit benefits of random beamforming within an OFDM symbol and frequency hopping.
Observation 5: The additional PRB resources required increases as MCL increases for WUS and MSS repetitions.
[bookmark: _GoBack]Observation 6: WUS with MSS for TMSS-WUS=0 (i.e. no delay between MSS and the first WUS in a PTW) consumes less PRB resources compared to TMSS-WUS>0 (with delay between MSS and the first WUS).

We therefore propose the following:
Proposal 1: Consider transmit diversity and frequency hopping to reduce WUS repetitions.
Proposal 2: For operation of WUS with MSS, the MSS is located just before the start of a WUS, e.g. the first WUS of a PTW.
Proposal 3: Introduce a WUS validity timer in the WUS configuration such that when the WUS validity timer expires the UE would attempt to validate by reacquiring WUS parameters. 
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8. Appendix
The time diagram models for the Baseline, WUS without MSS, WUS with MSS (TMSS-WUS >0) and WUS with MSS (TMSS-WUS=0) are shown in Figure 3, Figure 4, Figure 5 and Figure 6 respectively.
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[bookmark: _Ref498531743]Figure 3: Baseline
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[bookmark: _Ref498531746]Figure 4: WUS without MSS
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[bookmark: _Ref498531747]Figure 5: WUS with MSS (TMSS-WUS >0)
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[bookmark: _Ref498531749]Figure 6: WUS with MSS (TMSS-WUS=0)
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