3GPP TSG RAN WG1 Meeting #89	 				R1-1707571
Hangzhou, P.R. China 15th – 19th May 2017

Agenda Item:	6.2.7.1.1
[bookmark: _GoBack]Source: 	LG Electronics
Title: 	UE power consumption reduction by new physical signal/channel in NB-IoT
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
1. Introduction
In RAN #75 meeting, new Rel-15 work item of NB-IoT enhancement was agreed [1]. According to the WID, the objective on power consumption reduction for physical channels for Rel-15 feNB-IoT is as follows:
	Further latency and power consumption reduction
· Power consumption reduction for physical channels
· Study and, if found beneficial, specify for idle mode paging and/or connected mode DRX, physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. [RAN1, RAN2, RAN4]


Also, the agreements we have made in previous RAN1 meeting is as follows [2].
	Agreement:
· Techniques to be evaluated:
· Wake-up signal/channel (either relying or not relying on DL synchronization)
· Go-to-sleep signal/channel (either relying or not relying on DL synchronization)
· Compact DCI
· Dynamic USS periodicity
The use of the technique can be semi-statically enabled/disabled by the network


In this paper, we discuss and provide our view on new physical signal/channel for UE power consumption reduction. Also, we show evaluation results based on simulation assumption in [3]. 
2. Discussion
2.1. Usage of the new physical signal/channel
To reduce the power consumption, new physical signal/channel could be considered which could be used for indicating necessity of blind decoding on NPDCCH search spaces. We can consider three approaches for new physical signal/channel; “wake-up”, “go-to-sleep”, and “dynamic DRX control”. The wake-up operation can be used to indicate that there will be NPDCCH transmission during the specific duration. On the other hand, the go-to-sleep operation could be used to indicate that there will be no NPDCCH transmission during the specific duration. Additionally, new physical signal/channel can be used for dynamic DRX control. In this approach, UE could adjust its detection period when the new physical signal/channel indication is detected. For example, adjusted detection period could be determined with its original detection period; multiple of original detection period. Characteristic and their pros and cons are as follows:
· Wake-up signal/channel
· Used to indicate UE to start monitoring NPDCCH
· Can be used for additional purpose before NPDCCH monitoring (e.g. fast synchronization)
· Should be always guaranteed before actual NPDCCH transmission
· Go-to-sleep signal/channel
· Used to indicate that UE doesn’t need to monitor NPDCCH
· Can be skipped regardless whether desired NPDCCH will be transmitted or not
· Skipping may reduce the power saving efficiency
· Dynamic DRX control
· Used to adjusting NPDCCH detection period 
· Dynamic DRX control is possible without high layer signaling cost
· Beneficial only if the network can plan NPDCCH scheduling in a relatively long time. In other words, NPDCCH scheduling flexibility of network may be restricted during adjusted DRX duration

Proposal 1	The new physical signal or channel could be used to indicate that 
· Alt. 1) UE should wake-up and monitor its NPDCCH search spaces
· Alt. 2) UE may keep sleeping and do not need to monitor its NPDCCH search spaces
· Alt. 3) UE should adjust its NPDCCH detection period

2.2. New physical signal/channel configuration 
Figure 1 shows an example of power consumption reduction method using wake-up signal/channel. In this example, UE monitors wake-up signal/channel at wake-up signal/channel occasion. If UE detects the desired wake-up signal/channel which indicates NPDCCH monitoring, UE starts monitoring NPDCCH at NPDCCH occasion within the monitoring window. Likewise, similar approach could be used for go-to-sleep operation and dynamic DRX control operation. In case of go-to-sleep operation, sleeping window can be applied instead of monitoring window in wake-up operation. For the dynamic DRX control, this window can be used to indicate time interval where adjusted detection period is applied.


[bookmark: _Ref478062584]Figure 1 Example of power consumption reduction method using wake up signal
To ensure the monitoring new physical signal/channel, new physical signal/channel should occur within the predetermined occasions. We consider two possible methods for new physical signal/channel occasion.
· Alt. 1) New physical signal/channel occasions can be determined with offset value from the desired search spaces. For example, new physical signal/channel occasion for paging can be configured before k0 downlink subframes from paging occasion. In case of go-to-sleep, offset value zero can be also considered, where new physical signal/channel can share the same occasion with NPDCCH search space. In this special case, UE tries to detect both go-to-sleep signal/channel and NPDCCH in a NPDCCH occasion unless it knows it does not need to do it based on the previously detected go-to-sleep signal/channel.
· Alt. 2) New physical signal/channel occasion can be determined independently regardless of NPDCCH occasion. For example, bitmap representation or some parameters in SIB can be used to indicate starting subframe where occasions of the new physical signal/channel can be configured. In this case, more than one search space can be indicated by one physical signal/channel. 
Proposal 2	The new physical signal or channel occasions can be configured 
· Alt. 1) based on offset k0 downlink subframes before the desired NPDCCH occasions. 
· Alt.2) independently of NPDCCH occasions. 

2.3. Physical signal and channel
To design the power consumption reduction operation, we can consider two candidates; physical signal and physical channel. For the new physical signal, a certain known sequence can be used such as Zadoff-Chu sequence or M-sequence. In general, physical signal design may support small information size, to reduce the required repetition level significantly compare to the normal NPDCCH DCI case. Also, new physical signal can be designed to get downlink synchronization quickly when UE wake up after long time sleep. For example, NPSS or NSSS design can be considered as a baseline for new physical signal. 
In case of new physical channel, DCI based transmission can be used like NPDCCH design. In this case, relatively larger information could be contained than physical signal method. Larger information might have advantage to control UE in detail to optimize the power consumption reduction. However, larger information size may require larger repetition level, which is not desirable in power consumption perspective. 
As we mentioned above, there are pros and cons in both candidates. Moreover, power consumption efficiency can be different for the detail design of them. Thus further study is needed in terms of the power consumption with more details of new physical signal and physical channel.
Proposal 3	The pros and cons of using physical signal or physical channel should be considered carefully in terms of power consumption efficiency.

2.4. Additional Issues
For the new physical signal/channel design, some additional criteria should be considered as follows. 
As we discussed in previous section, downlink synchronization can be obtained if new physical signal is introduced for power consumption reduction. In this case, UE could reduce the power consumption for the downlink synchronization since it can skip monitoring any other synchronization signals. However, it should be considered that monitoring new physical signal without additional synchronization process could increase the complexity of the UE and could impact on detection probability. 
Also, new physical signal/channel should be designed in backward compatible manner. In this point of view, embedding additional bits into legacy DCI should be avoided if new physical channel is introduced for power consumption reduction. Also, impact on the detection of legacy signals (e.g. NPSS and NSSS) should be considered carefully if new physical signal is designed for power consumption reduction. 
Finally, embedded information size and its contents in new physical signal/channel should be determined carefully. To enhance the power consumption reduction efficiency, information of the target UE or UE group could be contained in the new physical signal/channel. Additionally, information on wake-up (and/or sleeping, DRX) configuration, such as timing information (e.g. window, duration and/or scheduling delay), could be considered as a candidate information. However, larger information size may induce the larger repetition level, which may reduce the power consumption efficiency. Moreover, detection reliability and its complexity could be affected by the size of information. Thus, it is important to consider suitable size of information and its contents in terms of power consumption efficiency. 
3. Power consumption efficiency 
In this section, we analyze the power consumption efficiency with new physical signal/channel. In our contribution, sequence based wake-up operation is considered for power consumption efficiency analysis. As a base line, wake-up signal is generated with NPSS design, which is well known in NB-IoT that has good correlation property and can be detected with low complexity receiver. It should be noted that, in reality, NPSS cannot be reused as the new signal for wake-up operation without modification since the new signal should be distinguished from legacy NPSS and the new signal may require multiple distinguishable sequences.
We consider power consumption model which is described in [3], to evaluate the power consumption efficiency. The details of the power consumption model are shown in Table 1. In this model, we assume that power consumption unit per 1ms for wake-up signal is same as other physical channel for simple analysis. However, it should be noted that additional techniques can be applied to wake-up signal process which can enhance power consumption efficiency at the receiver. Moreover, we assume that a wake-up signal carries one bit information which indicates whether NPDCCH will be transmitted or not. 
[bookmark: _Ref481605324]Table 1	UE power consumption model
	Operating mode
	Power [units/ms]
	Latencies
	Value (ms)

	Receive
	100
	Synchronization
	40 (128≤Rep<512)
80 (512≤Rep.)

	Light sleep
	1
	DRX
	1280

	Idle, deep sleep
	0.015
	
	


To evaluate a false alarm and miss detection rate, we assume that NPSS signal is transmitted on continuous subframes. The details of simulation assumptions are described in Appendix. Table 2 shows the evaluation results of wake-up signal miss detection rates at the given wake-up signal false alarm rates and the given wake-up signal repetition numbers. It is observed that required repetition levels for the wake-up signal are significantly lower than the required repetition level for the current NPDCCHs. For example, when MCL is 164dB with 9 dB noise figure, maximum 2048 number of repetition is required for NPDCCH while wake-up signal can achieve 1% false alarm rate and 1% miss detection rate with 256 repetitions. 
[bookmark: _Ref481606547]Table 2	Missed detection rate of the wake-up signal
	∙ MCL 164dB / NF 9dB (required repetition level for the NPDCCH is 2048) 

	False Alarm 
	Repetition number

	
	32
	64
	128
	256
	512
	1024

	1%
	11.52%
	7.16%
	2.84%
	0.80%
	0.12%
	0.00%

	10%
	6.24%
	3.22%
	1.12%
	0.32%
	0.00%
	0.00%

	15%
	5.16%
	2.58%
	0.96%
	0.22%
	0.00%
	0.00%

	20%
	4.42%
	2.10%
	0.80%
	0.18%
	0.00%
	0.00%

	



∙ MCL 164dB / NF 5dB (required repetition level for the NPDCCH is 1024)

	False Alarm
	Repetition number

	
	32
	64
	128
	256
	512
	1024

	1%
	3.68%
	1.84%
	0.48%
	0.04%
	0.00%
	0.00%

	10%
	1.62%
	0.86%
	0.26%
	0.00%
	0.00%
	0.00%

	15%
	1.18%
	0.74%
	0.22%
	0.00%
	0.00%
	0.00%

	20%
	1.00%
	0.48%
	0.20%
	0.00%
	0.00%
	0.00%

	∙ MCL 154dB / NF 9dB (required repetition level for the NPDCCH is 256)

	False Alarm
	Repetition number

	
	4
	8
	16
	32
	64
	128

	1%
	3.48%
	1.90%
	0.92%
	0.42%
	0.18%
	0.00%

	10%
	1.56%
	0.82%
	0.38%
	0.20%
	0.08%
	0.00%

	15%
	1.22%
	0.66%
	0.30%
	0.20%
	0.08%
	0.00%

	20%
	0.98%
	0.40%
	0.26%
	0.18%
	0.06%
	0.00%

	∙ MCL 154dB / NF 5dB (required repetition level for the NPDCCH is 128)

	False Alarm
	Repetition number

	
	4
	8
	16
	32
	64
	128

	1%
	0.94%
	0.46%
	0.22%
	0.10%
	0.02%
	0.00%

	10%
	0.44%
	0.12%
	0.10%
	0.00%
	0.00%
	0.00%

	15%
	0.32%
	0.08%
	0.06%
	0.00%
	0.00%
	0.00%

	20%
	0.22%
	0.04%
	0.02%
	0.00%
	0.00%
	0.00%



Observation 1	Required repetition level for one bit wake-up signal is much lower than required repetition level for NPDCCH.
Based on the evaluation results above, we consider required repetition level for the wake-up signal as following Table 3. Note that these repetition numbers are defined as minimum required repetition numbers which satisfy 1% false alarm rate and has smaller missed detection ratio than 1%. 
[bookmark: _Ref481656086]Table 3	Required repetition number for wake-up signal
	Number of Rep.
	MCL 164dB
& NF 9dB
	MCL 164dB
& NF 5dB
	MCL 154dB
& NF 9dB
	MCL 154dB
& NF 5dB

	Wake-up signal
	256
	128
	16
	4

	NPDCCH
	2048
	1024
	256
	128

	NPDSCH
	2048
	1024
	256
	128



Table 4 shows the evaluation results of power consumption efficiency of the wake-up signal. The power consumption efficiency metric is derived by following equation, where PCANDIDATE and PREF are power consumption of the wake-up operation and power consumption of the legacy operation respectively.

In our simulation, we consider single DRX period and single NPDCCH occasion candidates. Also, we consider both cases which consider power consumption for the synchronization procedure with legacy NPSS/NSSS signals and do not. Anyhow, in case where wake-up signal can be used for fast downlink synchronization, UE may not need to monitor additional synchronization signals. As shown in Table 4, synchronization procedure with NPSS/NSSS signals may require additional power consumption. However, it should be noted that monitoring wake-up signal without synchronization may degrade detection probability of the wake-up signal and/or may increase detection complexity. Also, it is observed that power consumption efficiency of the wake-up signal is larger as larger repetition level is required for NPDCCH. 
[bookmark: _Ref481659667]Table 4	Power consumption efficiency with wake-up signal
	
	MCL 164dB
& NF 9dB
	MCL 164dB
& NF 5dB
	MCL 154dB
& NF 9dB
	MCL 154dB
& NF 5dB

	Without synch
	14.45%
	15.38%
	14.84%
	18.62%

	With synch
	17.63%
	21.39%
	25.52%
	35.68%



Observation 2	Wake-up signal operation can save power consumption of the UE.
Observation 3	The UE in enhanced coverage can have more benefit than the UE in normal coverage with wake-up signal.
Observation 4	Synchronization with NPSS/NSSS signals degrades power consumption efficiency with wake-up signal.
In idle mode case, paging for another UE should be considered for power consumption efficiency evaluation. If there are paging message for another UE which shares same paging occasion, UE should decode NPDCCH and NPDSCH even a UE that do not need to wake up. Table 5 and Table 6 shows the evaluation results power consumption efficiency when another UE paging is considered. In this evaluation, we assume the case when MCL is 164dB with 9 dB noise figure. As shown in following tables, paging for anther UE decrease the power consumption efficiency of the wake-up operation. In these tables, “X” denotes a probability of existence of paging for another UE. It is observed that larger X leads smaller power consumption efficiency. Also, following tables shows that the power consumption efficiency is affected by the size of NPDSCH. Accordingly further enhancement of the new signal/channel may have to be considered to identify the UEs to wake-up or go-to-sleep more precisely.
[bookmark: _Ref481661154]Table 5	Power consumption efficiency of wake-up signal with X% paging for another UE
(Without monitoring synchronization signals)
	X (%)
	Number of NPDSCH subframes

	
	1
	2
	3
	4
	5
	6
	8
	10

	5%
	23.15%
	26.61%
	29.77%
	32.67%
	35.34%
	37.80%
	42.21%
	46.03%

	10%
	31.06%
	36.75%
	41.58%
	45.72%
	49.31%
	52.46%
	57.71%
	61.91%

	15%
	38.29%
	45.35%
	50.96%
	55.53%
	59.32%
	62.51%
	67.60%
	71.47%

	20%
	44.93%
	52.73%
	58.60%
	63.17%
	66.83%
	69.83%
	74.46%
	77.85%


[bookmark: _Ref481661160]Table 6	Power consumption efficiency of wake-up signal with X% paging for another UE
(With monitoring synchronization signals)
	X (%)
	Number of NPDSCH subframes

	
	1
	2
	3
	4
	5
	6
	8
	10

	5%
	25.88%
	29.10%
	32.05%
	34.77%
	37.28%
	39.60%
	43.77%
	47.39%

	10%
	33.40%
	38.73%
	43.27%
	47.18%
	50.59%
	53.58%
	58.60%
	62.64%

	15%
	40.30%
	46.93%
	52.24%
	56.58%
	60.20%
	63.26%
	68.16%
	71.90%

	20%
	46.65%
	54.01%
	59.58%
	63.95%
	67.47%
	70.36%
	74.83%
	78.13%



Observation 5	Paging for another UE can cause undesired UE power consumption.
Although we do not evaluate power consumption efficiency of the go-to-sleep operation, we can roughly expect effect of the go-to-sleep operation by using Table 2. For the go-to-sleep signal, missing NPDCCH transmission arises when false alarm of the go-to-sleep signal is occurred. Thus, the false alarm rate of the go-to-sleep signal should be compared with the missed detection rate of the wake-up signal while the missed detection ratio of the go-to sleep signal should be compared with the false alarm rate of the wake-up signal. For example, in case of MCL=164dB and NF=9dB, wake-up signal requires 128 repetitions for the 10% false alarm rate and roughly 1% missed detection rate, while go-to-sleep signal requires 32~64 repetitions for the 1% false alarm rate and roughly 10% missed detection rate. 
Proposal 4	Study further compare the power consumption efficiency and benefits of different power saving algorithms with the new physical signals/channels.


4. Conclusion
In this paper, we discuss and provide our view on new physical signal/channel for UE power consumption reduction.  The proposals and observations are summarized as flows.
Proposal 1	The new physical signal or channel could be used to indicate that 
· Alt. 1) UE should wake-up and monitor its NPDCCH search spaces
· Alt. 2) UE may keep sleeping and do not need to monitor its NPDCCH search spaces
· Alt. 3) UE should adjust its NPDCCH detection period
Proposal 2	The new physical signal or channel occasions can be configured 
· Alt. 1) based on offset k0 downlink subframes before the desired NPDCCH occasions. 
· Alt.2) independently of NPDCCH occasions.
Proposal 3	The pros and cons of using physical signal or physical channel should be considered carefully in terms of power consumption efficiency.
Proposal 4	Study further compare the power consumption efficiency and benefits of different power saving algorithms with the new physical signals/channels.
Observation 1	Required repetition level for one bit wake-up signal is much lower than required repetition level for NPDCCH.
Observation 2	Wake-up signal operation can save power consumption of the UE.
Observation 3	The UE in enhanced coverage can have more benefit than the UE in normal coverage with wake-up signal.
Observation 4	Synchronization with NPSS/NSSS signals degrades power consumption efficiency with wake-up signal.
Observation 5	Paging for another UE can cause undesired UE power consumption.
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6. Appendix.

	Parameter
	Value

	Operation Mode
	In-band mode

	Antenna Configuration
	2Tx in BS, 1Rx in UE

	BS Power
	35 dBm

	System BW
	180 kHz

	Operating SNR
	{-16.6, -12.6, -6.6, -2.6} dB

	Couple Loss
	{164, 154} dBm

	Noise Figure
	{5, 9} dB

	Carrier Frequency
	900 MHz

	Channel Model
	TU

	Doppler Spread
	1 Hz

	Frequency Error
	±50 Hz

	False-alarm Probability
	{1, 10, 15, 20} %

	Repetition Number
	{4, 8, 16, 32, 64, 128, 256, 512, 1024}

	CRS
	On

	NRS
	On
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