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1. Introduction
In RAN #75 meeting, new Rel-15 work item of MTC enhancement was agreed [1]. According to the WID, the objective on power consumption reduction for physical channels for Rel-15 MTC is as follows:
	Improved power consumption:
· Power consumption reduction for physical channels [RAN1 lead, RAN2, RAN4]
· Study and, if found beneficial for idle mode paging and/or connected mode DRX, specify physical signal/channel that can be efficiently decoded or detected prior to decoding the physical downlink control/data channel.


Also, the agreements we have made in previous RAN1 meeting is as follows [2].
	Agreements:
· 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
· Reduced-bandwidth MPDCCH
· Dynamic USS periodicity


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 MPDCCH 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 MPDCCH transmission during the specific duration. On the other hand, the go-to-sleep operation could be used to indicate that there will be no MPDCCH 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 MPDCCH
· Can be used for additional purpose before MPDCCH monitoring (e.g. fast synchronization)
· Should be always guaranteed before actual MPDCCH transmission
· Go-to-sleep signal/channel
· Used to indicate that UE doesn’t need to monitor MPDCCH
· Can be skipped regardless whether desired MPDCCH will be transmitted or not
· Skipping may reduce the power saving efficiency
· Dynamic DRX control
· Used to adjusting MPDCCH detection period 
· Dynamic DRX control is possible without high layer signaling cost
· Beneficial only if the network can plan MPDCCH scheduling in a relatively long time. In other words, MPDCCH 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 MPDCCH search spaces
· Alt. 2) UE may keep sleeping and do not need to monitor its MPDCCH search spaces
· Alt. 3) UE should adjust its MPDCCH 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 MPDCCH monitoring, UE starts monitoring MPDCCH at MPDCCH 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 MPDCCH search space. In this special case, UE tries to detect both go-to-sleep signal/channel and MPDCCH in a MPDCCH 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 MPDCCH 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 MPDCCH occasions. 
· Alt.2) independently of MPDCCH 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 MPDCCH DCI case. Also, new physical signal can be designed to get downlink synchronization quickly when UE wake up after long time sleep. For example, synchronization signal design can be considered as a baseline for new physical signal. 
In case of new physical channel, DCI based transmission can be used like MPDCCH 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. synchronization signals) 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. 
To reduce the power consumption, the new physical signal/channel can be designed to fit into narrowband PRB(s). Especially, if the new physical signal/channel is designed to contain small size of information, it can be possible to reduce the bandwidth of it. For example, one PRB can be considered for the new physical signal/channel. In this case, a common design of the new physical signal/channel design both for NB-IoT and MTC can be considered. Power consumption efficiency evaluation results of the wake-up operation for NB-IoT can be found in our companion paper [3]. In appendix, we summarize the result in [3] for convenience.

3. 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 MPDCCH search spaces
· Alt. 2) UE may keep sleeping and do not need to monitor its MPDCCH search spaces
· Alt. 3) UE should adjust its MPDCCH 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 MPDCCH occasions. 
· Alt.2) independently of MPDCCH occasions.
Proposal 3	The pros and cons of using physical signal or physical channel should be considered carefully in terms of power consumption efficiency.

4. Reference
[1] [bookmark: _Ref478049383]RP-170732, “New WID on Even further enhanced MTC for LTE,” Ericsson, RAN#75
[2] Chairman’s Notes, RAN1#88bis
[3] R1-1707571, “UE power consumption reduction by new physical signal/channel in NB-IoT,” LG Electronics, RAN1#89


5. Appendix.
[bookmark: _Ref481656086]Table 1	Required repetition number for wake-up signal in NB-IoT
	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


Note 1: required repetition number for wake-up signal is defined as minimum required repetition numbers which satisfy 1% false alarm rate and has smaller missed detection ratio than 1%
Note 2: NPSS structure is assumed for wake-up signal
[bookmark: _Ref481659667]Table 2	Power consumption efficiency with wake-up signal in NB-IoT
	
	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%


Note: The power consumption efficiency metric is derived by  where PCANDIDATE and PREF are power consumption of the wake-up operation and power consumption of the legacy operation respectively
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