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1 Introduction

In RAN1#89, the following agreements were made with respect to the power consumption reduction for paging and connected-mode DRX [1]. 
Agreements:

· 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

· The impact of the physical signal/channel, on Idle mode physical layer paging performance (missed paging detection and paging reception latency) should be studied and reported with the physical signal/channel design.

· The current paging mechanism is used as the baseline for evaluation.

Some recommendations for the evaluations of new physical signal/channel were also provided.
Recommendations for evaluations:

· In the evaluation of new physical signal/channel indicating whether the UE needs to decode subsequent physical channel(s), provide assumptions on the followings based on the link level simulation 

· Required amount of time units (e.g. subframe, symbol) for the new physical signal/channel transmission

· Required amount of time units (e.g. subframe, symbol) for subsequent NPDCCH/NPDSCH transmission

In this paper, we provide some considerations on the signal design and the resource allocation for the new signal/channel. Evaluations for the detection performance and the power consumption of the power saving signal are performed.
2 Power saving signal for paging
2.1 Signal design

According to the agreements in the RAN1#89, there are mainly four candidate designs for the new physical signal for paging.
Candidate 1: Wake-up signal or DTX
Candidate 2: Go-to-sleep signal or DTX

Candidate 3: Wake-up signal with no DTX

Candidate 4: Downlink control information

According to the candidate 1 and candidate 2, the power saving signal may or may not be present, and it is transmitted only when there is paging coming at the PO for the wake-up signal, or when there is no paging coming at the PO for the go-to-sleep signal.
Moreover,  candidate 2 means that there is either an NPDCCH for paging or a go-to-sleep signal at or before a certain PO, as Figure 1 shows. Firstly, this tends to break up contiguous downlink resource on the carrier which decreases its utilization by the scheduler, and leads to non-negligible impact on other downlink data. Secondly, the NPDCCH at a PO may overlap with the go-to-sleep signal for the next PO in the DRX cycle, like Figure 1 shows. The legacy paging mechanism does not have this problem since there is no NPDCCH at a PO if there is no paging coming, but in candidate 2, the go-to-sleep signal should be sent if there is no paging coming.
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Figure 1: Illustration of potential overlap between PO and GTS (Note that each PO belongs to one (group of) UEs associated with that PO within the DRX cycle)
Observation 1: Candidate 2 (go-to-sleep signal or DTX) scatters the downlink resource, and may cause overlap between NPDCCH and go-to-sleep signal for the following PO(s) in a DRX cycle.

Candidate 4 uses a new paging DCI, in place of the DCI Format N2, to indicate the presence of the NPDSCH for paging, and aims for reducing reception time of NPDCCH when there is paging [2]. The first impact of introducing  a new paging DCI is limitation on the scheduling of paging message. If the scheduling information (e.g. resource allocation, MCS, repetition) of the NPDSCH for paging is removed in the new paging DCI, then these parameters should be either fixed in spec or configured by RRC. The paging may need different TBS at different POs because there may be different number of UEs needs to be paged and the coverage may also adapt according to the information provided by the core network, new paging DCI based paging may impact too much on network scheduling flexibility. 
The second impact of introducing new paging DCI solution is actually a new paging mechanism is introduced. This may cause backward compatibility issue and may complicate the specification. The issue is how the new paging DCI can work together with legacy paging mechanism. In NB-IoT, Type1-CSS is used for transmitting NPDCCH scheduling paging. All NPDCCH candidates start from the starting subframe of the Type1-CSS. Hence, at each PO, there is only one NPDCCH, i.e. only one DCI, can be transmitted. If new paging DCI is introduced, when a Rel-13/Rel-14 UE which uses legacy paging mechanism and a new UE which uses new paging DCI mechanism need to be paged at the same PO, there is collision between legacy DCI and new paging DCI. It is impossible to transmit two DCIs in the same Type1-CSS at the same PO. It could be argued that different/dedicated carriers can be configured for the new paging DCI based paging UE to avoid collision with legacy paging. However, in this way new paging DCI based paging and legacy paging are isolated and more resource overhead is needed for transmitting paging, e.g. two NPDCCHs and two NPDSCHs are needed for legacy paging and new paging DCI based paging respectively.  Furthermore, core network may need to maintain the information of IDLE mode UE regarding whether legacy paging or new paging DCI based paging is used for the UE. The NAS layer paging signalling may be also impacted to inform eNBs whether a UE is capable of new paging DCI or not. 
The third aspect is the potential benefit is lower than WUS/GTS. Even if the size of the new paging DCI can be reduced from 31 bits (including CRC) to 12 bits or fewer, it can be foreseen that the power saving benefit is much lower than other candidates that use a signal carries 1 or very few bits. Also, it should take more downlink resource to send the new paging DCI than WUS/GTS in other candidates.
The power saving signal is introduced mainly for reducing the NPDCCH monitoring for UE when there is no paging coming, which is the significantly dominant case. If there is a paging, it is allowed to let UE consume a little more power than legacy to detect the paging since the paging probability is very low in NB-IoT.
Observation 2: Using a new paging DCI has serious impact on the scheduling flexibility of the NPDSCH for paging, and has much less benefit than other candidates.
So, candidate 1 and candidate 3, i.e. wake-up signal or DTX, with/without synchronization, can be considered for the power saving signal. However, in candidate 3, the power saving signal is always transmitted since it has no DTX status, which leads to more overhead than candidate 1. This is because in candidate 1, when there is no paging, then the power saving signal is not transmitted and the resource can be left to other transmissions. Furthermore, the paging probability in NB-IoT is low, so the power saving signal in candidate 1 is seldom transmitted, and it would be expected to save resource compared to candidate 3.

Based on the analysis, we have a proposal as follows.
Proposal 1: Consider wake-up signal with DTX (candidate 1) for the design of the power saving signal for idle mode paging.
2.2 Synchronization function
In order to receive the power-saving signal for paging, the UE will need DL synchronization. Since there will be a new DL signal introduced for this purpose, it could itself provide a synchronization function, so we consider two basic options:
Option 1: The power saving signal can be used by UE to obtain downlink synchronization.
Option 2: The power saving signal cannot be used by UE to obtain downlink synchronization.
Based on option 1, when UE wakes up, it can use the power saving signal to finish the downlink synchronization, and does not need to resynchronize with eNB by using the NPSS/NSSS before the detection of NPDCCH for paging. This is beneficial to further reduce the power consumption of UE since downlink synchronization through NPSS/NSSS may consume much power. A simple example of the processing for option 1 and option 2 are provided in Figure 2. However option 1 may consume larger resource overhead for the power saving signal than option 2, since more resource is needed to finish synchronization than only to finish signal detection when already synchronized. So it is a trade-off whether to support the synchronization function in the power saving signal. It should be decided according to the evaluations.
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Figure 2: Illustration of the processing for option 1 and option 2.

Observation 3: Supporting synchronization function is better for power reduction of UE but needs higher resource overhead than not supporting synchronization function.
So we have two alternatives for the design of the power saving signal, as the Table 1 shows.
Table 1: Alternatives for power saving signal
	
	Candidate 1

	Option 1
	Wake-up signal or DTX, supporting synchronization function

	Option 2
	Wake-up signal or DTX, not supporting synchronization function


For convenience, we will sometimes refer to the above combinations as follows:
Alternative 1: Wake-up signal or DTX, support synchronization function.

Alternative 2: Wake-up signal or DTX, not support synchronization function.

The evaluation among the two alternatives is provided in the contribution.
2.3 Resource allocation
2.3.1 Time domain
Since the resource configuration of POs is cell specific, so the resource of the power saving signal should be also configured in a cell specific way.
There are two kinds of DRX configurations for IDLE mode UE, a cell specific DRX cycle and (if configured by NAS layer) a UE specific eDRX cycle. UE uses the cell specific DRX cycle if it is not configured with an eDRX cycle, otherwise it follows its own eDRX configuration. Since NAS layer configuration is transparent to eNB, eNB does not know whether a UE has been configured with an eDRX until there comes a paging for the UE. The resource of the power saving signal should be configured based on the DRX cycle, which is similar as the paging occasion.
If a power saving signal indicates that there is a paging, the UE should then detect the NPDCCH for paging. So the power saving signal should be located before the PO which it indicates. For purpose of RAN1 discussion, denote the resource of a power saving signal as wake-up occasion (WO), then the WO should be before the PO which it indicates.
As analyzed in [3], even if there is an NPDCCH for paging, a given UE may find the paging message on NPDSCH does not contain its IMSI information since a PO is applicable to a group of UEs. So, it would be better to support that a power saving signal indicates a sub-group of UEs at the PO. If enabled, the power saving signal can indicate a smaller group of UEs than are associated to the PO, which is beneficial to further reduce the unnecessary decoding of NPDCCH/NPDSCH for UE.
Proposal 2: The resource of the power saving signal is cell specific and configured based on the DRX cycle.

Proposal 3: The resource of a power saving signal, denoted by wake-up occasion (WO), is located before the PO which it indicates.
Proposal 4: It should be supported that one power saving signal indicates a sub-group of UEs belong to one PO.

2.3.2 Non-anchor paging carriers
In Rel-14 NB-IoT, non-anchor carrier can also support paging, and UE calculates the carrier index according to the UEID, some paging parameters (N and Ns) and the weight of carriers. It is a natural way to reuse the same mechanism for power saving signal since there is no special reason to make it different. That is, the power saving signal is transmitted on the carriers which support paging, and a WO is located on the same carrier with the PO it indicates.

In paging, all available NB-IoT carriers share a common resource configuration of PO. There is no special reason to make the power saving signal different with paging. So if multiple NB-IoT carriers support power saving signal, then there is one common (time-domain) resource configuration of WO on all the available carriers.

Proposal 5: The power saving signal is transmitted on the carriers which support paging, and a WO is located on the same carrier with the PO it indicates.
Proposal 6: If multiple NB-IoT carriers in a cell support power saving signal, then they all have a common time-domain resource configuration for WO.
2.3.3 Resource type

Since the case of wake-up signal with DTX is the preferred candidate, the power saving signal is only transmitted when there is paging, and if there is no paging at a PO, the resource of the corresponding WO(s) can be used by other downlink transmissions. In this sense, it is better to transmit the power saving signal in valid DL subframes to increase the resource utilization rate of the system.
Proposal 7: The power saving signal of “wake up signal with DTX” should be transmitted in valid DL subframes.
3 Power saving signal for non-paging case

UE in RRC_CONNECTED mode should keep monitoring the USS according to the DRX configuration of MAC layer. However, it is possible that there is not any actual scheduling during the on-duration length within a DRX cycle, but the UE also needs to monitor NPDCCH for the whole on-duration length which can be configured as 1~32 search space periods. This is a waste of power for UE since the UE does not need to expend this effort in practice. 

During random access procedure, UE should monitor Type2-CSS after sending Msg3 to detect the NPDCCH for Msg4 or Msg3 retransmission. However, if there is resource contention, it is possible that eNB cannot receive any Msg3 after several retransmissions, then eNB gives up this access, but UE should keep monitoring the NPDCCH until the contention-resolution timer expires. This is a waste of power for UE, especially considering that the contention-resolution timer can be configured as 1~64 search space periods.
SC-MTCH transmission in NB-IoT also supports the DRX mechanism which is configured in SC-MCCH, meaning there are similar chances to reduce power consumption while UE monitors Type2A-CSS. Furthermore, a software upgrade packet in NB-IoT maybe last for a relatively long duration, so the power waste is non-negligible for UE receives multicast.
Proposal 8: Introduce a physical signal to indicate whether there is any actual scheduling within certain duration, e.g. a DRX cycle for USS/SC-MTCH or a contention-resolution window for RACH.
4 Evaluations

According to the agreements in [1], some initial evaluation results are provided in this section to show the benefit of the power saving signal for paging.
4.1 Evaluation of the detection performance
4.1.1 Evaluation assumptions

Table 2 Link level simulation assumption

	Parameter
	Value

	BS TX antenna configuration 
	1 Tx for stand-alone 

	BS power 
	43 dBm stand-alone

	System BW
	180 kHz 

	Band 
	900 MHz 

	Channel model 
	TU 

	Doppler spread 
	1 Hz 

	Time/frequency drift, in idle mode when not relying on DL synchronization
	0.05 PPM/s

	Frequency error, 
when relying on DL synchronization
	±50 Hz

	Timing error, 
when relying on DL synchronization
	±2.1 us

	Frequency error, 
when not relying on DL synchronization
	4 PPM, 20 PPM

	Timing error, 
when not relying on DL synchronization
	±8 us,  ±50 us

	UE RX antenna configuration
	1 Rx

	UE NF
	9 dB

	Coupling loss
	144, 164 dB


4.1.2 Sequence assumptions
In this section, the sequence design for the power saving signal is provided. Since the power saving signal can support or not support the synchronization, so we design two kinds of sequences to satisfy the requirements respectively.
4.1.2.1 Sequence design for power saving signal not supporting synchronization function
If the power saving signal does not support synchronization, then UE just needs to detect it after synchronized with NPSS/NSSS to eNB. The NSSS sequence (ZC sequence) is considered as a baseline for the power saving signal. The generation of the sequence is shown in the equation below.
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Where the ‘L’ denotes the sequence length, and can be set according to the number of available REs in the subframe. In our assumptions, the sequence length is 131 for in-band operation mode and 167 for stand-alone and guard-band operation mode.
4.1.2.2 Sequence design for power saving signal supporting synchronization function
If the power saving signal is designed to support synchronization, then UE should use the power saving signal to finish the symbol timing and frequency estimation, which is similar as the detection of NPSS. But it should not be designed as the same as NPSS to avoid potential  impact on the legacy UEs using NPSS for downlink synchronization and initial access. 
The wake up signal can be the multiplication for a sequence in advance in the transmitter, and UE can do the differential processing to restore the original sequence and eliminate the impact of carrier frequency error at the same time.
As an example shown in Figure 3 in the Appendix A, the sequence for the power saving signal in stand-alone operation mode is in 1ms subframe and is generated as following:
Step 1: Generate a 151-length ZC sequence, denoted by d, as the equation below. The root index ‘u’ can be an integer within [1,150].
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Step 2: Extend the sequence d to 156-length through cyclic extension, and denote the new sequence as S.
Step 3: Divide the sequence S into 13 sub-sequences and each sub-sequence includes 12 consecutive elements of S in turn. Denote the sub-sequences as x1 ~ x13.
Step 4:  a 12-length sequence is predefined as the initial sequence and do the accumulated multiplication with  x0 ~ x13 to generate new sequences y0 ~ y13, which satisfies:

[image: image5.wmf]Õ

=

=

i

j

j

i

0

x

y


Step 5: Resource mapping. The sequences y0 ~ y13 are mapped to the 14 OFDM symbols in a subframe respectively.
A general receiver processing is shown in Figure 4 in Appendix A, in which the auto-correlation between adjacent OFDM symbols gets the original ZC sequence (sequence S in above) first and meanwhile the impact of carrier frequency error is eliminated. Then UE can use the ZC sequence S to do the sliding correlation and finish the synchronization.
4.1.3 Evaluation results

The link level simulation results for the detection performance of the power saving signal are shown as in Table 3. For the alternative 1, performance under the initial frequency error and timing error with (20 PPM, 50us) and (4 PPM, 8us) are both evaluated. It can be seen that more resource is needed to satisfy a larger timing error and frequency error. Actually the assumed initial error means how long we allow the UE to be sleepy before detecting the power saving signal. For example, if the initial frequency error and timing error is assumed to be (4 PPM, 8us), the UE is allowed to have 80 seconds DRX cycle for sleeping and after that detect the power saving signal considering  4 PPM/ (0.05 PPM/s) = 80 seconds. The corresponding maximum DRX cycle for (20 PPM, 50us) assumption is about 400 seconds.
Table 3 Standalone operation mode
	
	144dB MCL
	164dB MCL

	
	Alternative 1 (4 PPM, 8us)
	Alternative 1 (20 PPM, 50us)
	Alternative 2
	Alternative 1 (4 PPM, 8us)
	Alternative 1 (20 PPM, 50us)
	Alternative 2

	Miss detection rate
	0.0%
	0.0%
	0.0%
	0.8%
	0.8%
	0.9%

	False alarm rate
	0.0%
	0.0%
	0.0%
	0.4%
	0.8%
	0.7%

	Time estimation error (95%)
	± 2.08 us
	± 2.34 us
	\
	± 1.82 us
	± 1.30 us
	\

	Frequency estimation error (95%)
	± 39 Hz
	± 34 Hz
	\
	± 26 Hz
	± 24 Hz
	\

	Signal duration (ms)
	1 ms
	1 ms
	1ms
	170 ms
	312 ms
	16 ms


4.2 Power consumption evaluation

4.2.1 Evaluation assumptions

Table 4 Reference power consumption model
	Operating mode 
	Power [units/ms] 
	Notes 

	Receive 
	100
	RF and baseband circuitry

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

	Idle, deep sleep 
	0.015
	Deep sleep during PSM and eDRX 

	Ramp up/down from light/deep sleep mode
	50
	Ramp up/down

	Latency of ramp up from light sleep mode
	15 ms
	Ramp up

	Latency of ramp up from deep sleep mode
	-
	Ramp up

	Latency of ramp down
	15 ms
	Ramp down


Table 5 other evaluation assumptions
	DRX cycle
	1.28 seconds

	Number of POs within one DRX cycle
	32 (i.e. nB=T/4)

	SI Modification
	32*DRX_CYCLE

	Signal type
	Wake-up signal / DTX

	Number of wake-up signal within one DRX cycle
	Equal to the number of POs (i.e. one wake-up signal/DTX indicates one PO)

	Number of carriers applicable for paging or wake-up signal
	8


4.2.2 Evaluation scenarios

Generally we can consider the following scenarios while evaluating the power saving signal for paging.
· Scenario 1: There is no P-RNTI scrambled NPDCCH transmitted at a PO.

· Scenario 2: There is P-RNTI scrambled NPDCCH at a PO which schedules an NPDSCH which includes the NAS identity of the UE.

· Scenario 3: There is P-RNTI scrambled NPDCCH at PO which schedules an NPDSCH which does not include the NAS identity of the UE.

· Scenario 4: There is P-RNTI scrambled NPDCCH at a PO for direct indication.

According to section 4.1 in  [4], the power saving signal can be designed to indicate whether the NPDCCH is direct indication or not. So for scenario 4, UE can know the SI modification through the wake-up signal and does not need to decode the NPDCCH.

In this evaluation, the scenario 2 and scenario 3 are considered together. However, it would be also possible that a wake-up signal at one PO can indicate the information about which subset of UEs are paged in the NPDSCH. This will be evaluated in the future, and this paper just provides a baseline evaluation for the power consumption reduction.
According to the traffic model in TR 45.820 [3], assuming there are 80% UEs with MAR report and 20% UEs with Network command, there are about 1.36 paging arrivals (6.8 * 20% per second) per second in a cell. So during one DRX cycle (1.28s), there are on average about 2 paging demands (1.36 *1.28 ) per DRX cycle. Considering there are 32 PO(s) within one DRX cycle, then for a given PO in the DRX cycle, the probability that there is no paging arrival at the PO is about
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Table 6: Probability of each scenario

	
	Scenario 1
	Scenario 2&3
	Scenario 4

	Probability
	0.909
	0.062
	0.029


4.2.3 Evaluation results
The evaluation results for the power consumption reduction are shown in Table 7. And the detailed tables for intermediate results are shown in Appendix B.

Table 7: Power efficiency for Stand-alone
	PCANDIDATE/PREF 
	Alternative 1 (20 PPM, 50 us)
	Alternative 1 (4 PPM, 8 us)
	Alternative 2

	144dB MCL
	13.1%
	13.1%
	22.1%

	164dB MCL
	51.9%
	31.4%
	76.1%


According to Table 6 REF _Ref481513909 \h 
 \* MERGEFORMAT , the wake-up signal is present with the probability of 0.091 (scenario 2&3&4). Supposing the ratio of UEs with coverage level 144dB and 164dB in a network are 0.8 and 0.2 respectively.  Then the overhead of wake-up signal in Alternative 2 under standalone operation is about
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. The summary of the resource overhead is included in Table 8.

Table 8: System overhead for Stand-alone
	
	Alternative 1 (20 PPM, 50 us)
	Alternative 1 (4 PPM, 8 us)
	Alternative 2

	Overhead due to power saving signal
	1.80%
	1.00%
	0.11%


According to the results in Table 7 and Table 8, it can be found that the Alternative 1 leads larger benefit for the UE power consumption but needs more system resource than Alternative 2. 

Proposal 9: Use WUS/DTX as the power saving signal for paging.

Proposal 10: Support the synchronization function for power saving signal, and FFS the scenarios when it should be used.
5 Conclusions
In this paper, some considerations on the power saving signal are provided, including the target scope of the power saving signal, the resource configuration and the signal design. Some evaluations are also provided. The following observations and proposals are made.
Observation 1: Candidate 2 (go-to-sleep signal or DTX) scatters the downlink resource, and may cause overlap between NPDCCH and go-to-sleep signal for the following PO(s) in a DRX cycle.

Observation 2: Using a new paging DCI has serious impact on the scheduling flexibility of the NPDSCH for paging, and has much less benefit than other candidates.
Observation 3: Supporting synchronization function is better for power reduction of UE but needs higher resource overhead than not supporting synchronization function.
Proposal 1: Consider wake-up signal with DTX (candidate 1) for the design of the power saving signal for idle mode paging.
Proposal 2: The resource of the power saving signal is cell specific and configured based on the DRX cycle.

Proposal 3: The resource of a power saving signal, denoted by wake-up occasion (WO), is located before the PO which it indicates.

Proposal 4: It should be supported that one power saving signal indicates a sub-group of UEs belong to one PO.
Proposal 5: The power saving signal is transmitted on the carriers which support paging, and a WO is located on the same carrier with the PO it indicates.
Proposal 6: If multiple NB-IoT carriers in a cell support power saving signal, then they all have a common time-domain resource configuration for WO.
Proposal 7: The power saving signal of “wake up signal with DTX” should be transmitted in valid DL subframes.
Proposal 8: Introduce a physical signal to indicate whether there is any actual scheduling within certain duration, e.g. a DRX cycle for USS/SC-MTCH or a contention-resolution window for RACH.
Proposal 9: Use WUS/DTX as the power saving signal for paging.
Proposal 10: Support the synchronization function for power saving signal, and FFS the scenarios when it should be used.
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Appendix A: Illustration of sequence generation of WUS and general receiver processing (Figure 3 and Figure 4)
Figure 3: Signal generation process for stand-alone operation
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Figure 4: General receiver processing for UE

Appendix B: Intermediate results for evaluation in section 4.2
Table 9: Power efficiency for Alternative 1 with initial error (20 PPM, 50 us) in Stand-alone
	Power efficiency (standalone 164MCL)

	　
	Scenarios 1
	Scenarios 2&3
	Scenarios 4

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up
	750
	750
	750
	750
	750
	750

	Synchronization
	46000
	0
	46000
	0
	46000
	0

	Detect WUS
	0
	31200
	0
	31200
	0
	31200

	Monitor Type1-CSS
	19200
	0
	19200
	19200
	19200
	0

	Decode paging message
	0
	0
	19200
	19200
	0
	0

	Ramp down
	750
	750
	750
	750
	750
	750

	Light sleep in the DRX cycle
	598
	478
	406
	94
	598
	478

	Total (units*ms)
	67298
	33178
	86306
	71194
	67298
	33178

	PCANDIDATE/PREF
	49.30%
	82.49%
	49.30%


	Power efficiency (standalone 144MCL)

	　
	Scenarios 1
	Scenarios 2&3
	Scenarios 4

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up
	750
	750
	750
	750
	750
	750

	Synchronization
	2000
	0
	2000
	0
	2000
	0

	Detect WUS
	0
	100
	0
	100
	0
	100

	Monitor Type1-CSS
	19200
	0
	800
	800
	800
	0

	Decode paging message
	0
	0
	800
	800
	0
	0

	Ramp down
	750
	750
	750
	750
	750
	750

	Light sleep in the DRX cycle
	1222
	1229
	1214
	1213
	1222
	1229

	Total (units*ms)
	23922
	2829
	6314
	4413
	5522
	2829

	PCANDIDATE/PREF
	11.83%
	69.89%
	51.23%


Table 10: Power efficiency for Alternative 1 with initial error (4 PPM, 8 us) in Stand-alone
	Power efficiency (standalone 164MCL)

	　
	Scenarios 1
	Scenarios 2&3
	Scenarios 4

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up
	750
	750
	750
	750
	750
	750

	Synchronization
	46000
	0
	46000
	0
	46000
	0

	Detect WUS
	0
	17000
	0
	17000
	0
	17000

	Monitor Type1-CSS
	19200
	0
	19200
	19200
	19200
	0

	Decode paging message
	0
	0
	19200
	19200
	0
	0

	Ramp down
	750
	750
	750
	750
	750
	750

	Light sleep in the DRX cycle
	598
	620
	406
	236
	598
	620

	Total (units*ms)
	67298
	19120
	86306
	57136
	67298
	19120

	PCANDIDATE/PREF
	28.41%
	66.20%
	28.41%


	Power efficiency (standalone 144MCL)

	　
	Scenarios 1
	Scenarios 2&3
	Scenarios 4

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up
	750
	750
	750
	750
	750
	750

	Synchronization
	2000
	0
	2000
	0
	2000
	0

	Detect WUS
	0
	100
	0
	100
	0
	100

	Monitor Type1-CSS
	19200
	0
	800
	800
	800
	0

	Decode paging message
	0
	0
	800
	800
	0
	0

	Ramp down
	750
	750
	750
	750
	750
	750

	Light sleep in the DRX cycle
	1222
	1229
	1214
	1213
	1222
	1229

	Total (units*ms)
	23922
	2829
	6314
	4413
	5522
	2829

	PCANDIDATE/PREF
	11.83%
	69.89%
	51.23%


Table 11: Power efficiency for Alternative 2 in Stand-alone
	Power efficiency (standalone 164MCL)

	　
	Scenarios 1
	Scenarios 2&3
	Scenarios 4

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up
	750
	750
	750
	750
	750
	750

	Synchronization
	46000
	46000
	46000
	46000
	46000
	46000

	Detect WUS
	0
	1600
	0
	1600
	0
	1600

	Monitor Type1-CSS
	19200
	0
	19200
	19200
	19200
	0

	Decode paging message
	0
	0
	19200
	19200
	0
	0

	Ramp down
	750
	750
	750
	750
	750
	750

	Light sleep in the DRX cycle
	598
	620
	406
	236
	598
	620

	Total (units*ms)
	67298
	49720
	86306
	87736
	67298
	49720

	PCANDIDATE/PREF
	73.88%
	101.66%
	73.88%


	Power efficiency (standalone 144MCL)

	　
	Scenarios 1
	Scenarios 2&3
	Scenarios 4

	　
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS
	Not using WUS
	Using WUS

	Ramp up
	750
	750
	750
	750
	750
	750

	Synchronization
	2000
	2000
	2000
	2000
	2000
	2000

	Detect WUS
	0
	100
	0
	100
	0
	100

	Monitor Type1-CSS
	19200
	0
	800
	800
	800
	0

	Decode paging message
	0
	0
	800
	800
	0
	0

	Ramp down
	750
	750
	750
	750
	750
	750

	Light sleep in the DRX cycle
	1222
	1229
	1214
	1213
	1222
	1229

	Total (units*ms)
	23922
	4829
	6314
	6413
	5522
	4829

	PCANDIDATE/PREF
	20.19%
	101.57%
	87.45%
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