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1. Introduction

During RAN1#89 meeting, the following agreements were reached on the DL power consumption reduction technique for efeMTC.
Agreement:
· 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
Further, in RAN1#90 meeting, the following working assumption was reached for idle mode paging:

Working assumption:

· 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

· Wake-up signal with no DTX

· FFS:

· Information conveyed by the physical signal

· Design of the physical signal

· Resources which can be used for the physical signal, considering scheduling flexibility, overhead, etc.

Based on the above agreement, it has been agreed that a power saving physical signal indicating whether the UE needs to decode subsequent physical channel(s) is introduced for idle paging while it is still FFS for connected mode DRX.In the following, we mainly discuss the design requirements and functions of power saving physical signal.

2. Discussion  
2.1 Design requirement 
Low detection complexity

Firstly, the power-saving signal shall be designed with low detection complexity, e.g., it can be easily detected without blind detection or with very limited hypothesises. And it would be better if it can be detected with simple correlation computation instead of with complex channel estimation and equalization operation. Furthermore, the power-saving signal shall be designed with short enough transmission duration to reduce the power consumption for processing  it. 
Coverage enhancement support

For MTC UEs in enhanced coverage, MPDCCH and MPDSCH may need large number of repetitions thus there would be much power consumption saving for UEs in enhanced coverage if MPDCCH monitoring and/or MPDSCH decoding can be skipped by utilizing the power-saving signals to indicate the UEs that does not need to wake up when there is no traffic or paging for them.  

For MTC UEs in enhanced coverage, repetition transmission may be needed for the power-saving signal itself. In order to guarantee the power consumption saving gain, the transmission duration of the power-saving signal shall be as short as possible as long as the coverage is fulfilled.Therefore, schemes to improve the receiving SINR of the power-saving signal for UEs in poor coverage needs to be considered.

Compatible design among efeMTC/FeNB-IoT and NR
It is noted that similar power consumption optimization scheme are also being studied in the feNB-IoT WI[1], and such kind of schemes can also be further reused in NR if the gain would also be verified for NR.Therefore, compatible design can be considered among efeMTC/FeNB-IoT and NR UEs in order to reduce the specification work load and benefit the implementation. One possible option that can be considered is that both MTC and NB-IoT UEs utilize the same indication sigal, e.g., the power-saving signal is designed using only one PRB in the frequency domain. Another option may be that the signal for NB-IoT UEs served as the baseline signal elment, on the basis of which the power-saving signals for MTC UEs can be generated.
Timing between the power-saving signal and the start time of the DRX cycle

By detecting the power-saving signal, one MTC UE can determine whether it needs to wake up to monitor MPDCCH during the DRX On duration. However, MTC UE often needs to wake up a little earlier prior to the start time of DRX on duration to get AGC adjustment, time and frequency synchronization using siganls such as PSS/SSS/CRS etc.. For UEs working in enhanced coverage mode, time required for those operations would be even longer in order to accumulate enough reference signal samples. Therefore, sufficient time shall be reserved between the DRX power-saving signal and its correspoding DRX cycle while considering UEs with different coverage enhancement levels. On the other hand, if the power-saving signal itself is used as the reference signal for the UEs to get AGC adjustment, time and frequency synchronization as discussed below, the needed time would be much less. Therefore, the timing between the power-saving signal and the start time of the DRX cycle shall be defined considering the time for AGC, synchroniztion acquision and the specific functionality of the power-saving signal. 

Proposal 1:The following design requirements shall be considered  for the power-saving physical signal:
· Low detection complexity
· Coverage enhancement support 

· Compatible design among MTC/NB-IoT 

· Sufficient timing between the power saving signal and the start time of the DRX cycle

2.2 Functionality of the power-saving signal
Considering the functionality of the power saving signal, one of the most important is the waking up function. In addition, the following fuctions shall be considered.
Support UE-specific and UE-group based wake up
For paging and RRC connected DRX, it may be beneficial to support UE-specific or at least UE-group based power-saving indication in order to achieve much finer power consumption control. The eNB only send power-saving signals to those UEs that would be scheduled in the DRX On-duration or paging occasion thus for UEs without traffic or paging no power-saving signal will be detected and they remain in the sleeping state. 

Support AGC and time and frequency synchronization 
The power-saving signal can be considered to be also served as the reference signal for AGC adjustment, time and frequency synchronization and RRM measurement thus no additional signals such as PSS/SSS/CRS are needed for those operations. Therefore, the UEs need to wake up during the DRX cycle can perform AGC adjustment, time and frequency synchronization using only the power-saving signal thus receiving and processing of legacy PSS/SSS/CRS is not needed,  which is benefial to save the UE’s power. 

Based on the above discussions, we propose that the following aspects can be considered when designing the DRX power-saving signal.

Proposal 2: The following functionalities shall be supported by the power saving physical signal:
· Support UE-specific and UE-group based indication.
· AGC adjustment. 
· Time and frequency synchronization.

2.3 Power-saving scheme for idle mode paging
Generally, paging transmission for one MTC UE is very sparse, for example, it would be paged usually once in  every several hours or even  several days. If there would be paging message for the UE, wake-up signal can be send before the paging occasion.Otherwise,when there is no paging message, wake-up signal shall be DTX in order to save the resource overhead and reduce the interference of wake-up signal to neighboring cell’s transmission. In addition, for the wake-up signal with no DTX, it shall be designed to support two states: wake-up state or remaining sleep state while for for the wake-up signal with DTX, the presence or absence of the wake-up signal can represent the two state. Thus,the design of wake-up signal with DTX would be simpler.  Based on the above discussion, for the wake-up signal for idle mode paging we prefer the option of Wake-up signal or DTX.
Proposal 3:the option of Wake-up signal or DTX is used for idle mode paging.
2.4 Power-saving scheme for connected mode DRX
For connected mode DRX,  when the traffic is dense for one UE, there may be no power saving gain or even an increase of the UE’s power consumption when wake-up signal is used because the UE usually needs to detect both the wake-up signal and MPDCCH within each DRX cycle.  But when the traffic is low, similar to ilde mode paging, using wake-up signal would be beneficial. Therefore, for connected mode DRX, the power-saving signal can be activated or deactived based on the traffilc load by the manner of RRC signaling or dynamic signaling.

Proposal4: For connected mode DRX, the power-saving signal can be activated or deactived by the manner of RRC signaling or dynamic signaling.

3. Conclusions
In this contribution, we discussd the design requirements and functions of the physical power-saving signal/channel to achieve power consumption reduction for idle mode paging and connected DRX. Based on the discussons,we have following  proposal: 
Proposal 1: The following design requirements shall be considered  for the power-saving physical signal:
· Low detection complexity
· Coverage enhancement support 

· Compatible design among MTC/NB-IoT 

· Sufficient timing between the power saving signal and the start time of the DRX cycle
Proposal 2: The following functionalities shall be supported by the power saving physical signal:
· Support UE-specific and UE-group based indication.
· AGC adjustment. 
· Time and frequency synchronization.

Proposal 3:the option of Wake-up signal or DTX is used for idle mode paging.
Proposal4: For connected mode DRX, the power-saving signal can be activated or deactived by the manner of RRC signaling or dynamic signaling.
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