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To improve the DL channel power efficiency, a power saving signal that can be efficiently decoded or detected prior to decoding the physical downlink control/data channel was discussed in previous meetings. There was a working assumption made in RAN1#90bis for the down selection of the candidates [1].
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’ 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.

In this contribution, we discuss the power saving signal for idle mode paging and connected mode DRX respectively, in the aspects of the signal design and the resource configuration etc. 
For idle mode paging
Rel-13 discussed in detail whether to use or to remove MPDCCH for PDSCH carrying the paging message, and it was agreed to keep MPDCCH as the scheduling information for PDSCH or the direct indication. In Rel-15, we do not need to discuss again the necessity of MPDCCH for paging which can be used in the same way as in Rel-13. So the following discussion is for power saving signal prior to MPDCCH for paging.
[bookmark: _Ref481055071]The candidates of the power saving signal
Wake-up signal or DTX was agreed as working assumption for the power saving signal for idle mode paging. It transmits the signal only when there is UE’s MPDCCH of paging. As the paging probability is low, most of the time the signal is not transmitted and the resource can be left to other transmissions. The system overhead for wake-up signal or DTX is smaller than the wake-up signal with no DTX candidate. Therefore it is proposed to confirm the working assumption that wake-up signal or DTX is adopted as the power saving signal for idle mode paging.
Proposal 1: Confirm the working assumption that  ‘wake-up signal or DTX’ is used as the power saving signal for paging.
The remaining concern of the wake-up signal or DTX is whether it can support synchronization. When the UE is awake from long DRX or eDRX cycle, symbol timing and frequency synchronization would not be maintained because of UE’s clock drift during the sleeping time. There are two candidates agreed as the working assumption regarding the ways to get synchronized. 
· Candidate 1: ‘Wake-up signal or DTX’ with new periodic synchronization signal
Detecting PSS/SSS is the traditional way to get synchronized before detecting the wake-up signal prior to MPDCCH. To reduce the system acquisition time, it was proposed to design a new periodic synchronization signal for the resynchronization scenario. In this way, the UE can assume it is synchronized when attempting to detect the wake-up signal, hence there is little use of a wake-up signal supporting synchronization function. 
· Candidate 2: ‘Wake-up signal or DTX’ without new periodic synchronization signal
The wake-up signal can have the synchronization functionality for this candidate, so that the UE can detect the wake-up signal to get synchronized and no longer needs to detect PSS/SSS or the new synchronization signal.

To compare the two candidates, denote the time for a UE to receive the wake-up signal with and without the synchronization functionality as Tsignal_wsyn and Tsignal_wosyn respectively, the time for a UE to receive the synchronization signal as Tsync.. Even the synchronization signal can be the new enhanced periodic synchronization signal, it can be anticipated. As calculated in [2], more UE’s power consumption reduction can be gained and the paging reception latency is reduced by using the wake-up signal with synchronization functionality. Although the wake-up signal with synchronization functionality may consume a little larger resource overhead compared with the signal without synchronization functionality, it can be acceptable. Introducing the new periodic synchronization signal would cause other impacts, which is discussed in the companion contribution [3].
Proposal 2: The wake-up signal for paging is designed supporting synchronization functionality without new periodic synchronization signal.
The time and frequency location of the wake-up signal
As the wake-up signal is used to indicate whether the UE needs to decode MPDCCH of paging, it needs to be sent before the PO which it indicates. The time and frequency location of the wake-up signal relate to whether it can be applied to sub-group of UEs in a PO, and the number of POs it applies. In this section, the following issues will be discussed.
· Issue 1: The wake-up signal in a cell supports being applied to FFS between: 
· (a): All the UEs associated to a PO in the cell
· (b): A group of more than one of the UEs associated to a PO in the cell
· Both (a) and (b)
In option (a), the wake-up signal can be applied to the same group of UEs which monitor an MPDCCH of paging sent in a narrowband at a PO. In this case, even if the wake-up signal indicates there is an MPDCCH for paging, a given UE may find the paging message on PDSCH does not contain its IMSI information. Thus, it can be considered to support option (b) that a wake-up signal applies to a sub-group of UEs associated to a PO, which is a smaller group of UEs. It will be beneficial to further reduce the unnecessary decoding of MPDCCH/PDSCH for a UE.
However, for option (b), multiple wake-up signal resources (time, frequency, or sequence) are needed for all the UEs associated to a PO. A wake-up signal sent at a resource applies to a sub-group of UEs and different sub-groups have different resources. For option (a), all the UEs associated to a PO monitor the wake-up signal at only one resource. The number of wake-up signal resources for all the UEs associated to a PO is preferred to be configurable depending on the system overhead, the extent of coverage enhancement, the number of POs in a frame, etc.
In the last meeting, this issue had been discussed for the wake-up signal in FeNB-IoT. For FeNB-IoT, it was agreed that at least in a UE’s DRX cycle, wake-up signal supports at least being applied to all the UEs monitoring the signal associated to a PO in a NB-IoT carrier. A LS [4] had been sent to RAN2 asking for the feasibility of supporting wake-up signal being applied to sub-group of UEs associated to a PO for both FeNB-IoT and eFeMTC. If RAN2 think it is feasible, it should be configurable to support option (a) or (b) depending on the wake-up signal resource configuration.
Proposal 3: Depending on the wake-up signal resource configuration, a wake-up signal can be configured to apply to all the UEs or a sub-group of UEs associated to a PO, if RAN2 think it is feasible for the wake-up signal applying to sub-group of UEs associated to a PO.
· Issue 2: How many POs the wake-up signal applies to from UE perspective
This was discussed in FeNB-IoT in the last meeting achieving the agreement that at least in a UE’s DRX cycle, one wake-up signal informs UE whether to monitor the PO in a single DRX cycle. And RAN1 would like to ask RAN2 to provide input on the feasibility of wake-up signal applying to more than one PO in a PTW for eDRX case. For Rel-15 eFeMTC, the agreement can also be applied and the feasibility of wake-up signal applying to more than one PO in a PTW for eDRX depends on RAN2 confirmation.
· Issue 3: How many POs the wake-up signal applies to from the eNB perspective is FFS between 
· A single PO only 
· One or more than one PO (details are FFS)
Figure 1 illustrates the wake-up signal which applies to a single PO or multiple POs from the eNB perspective. 
[image: ]
[bookmark: _Ref493595361]Figure 1 Illustration of number of POs the wake-up signal applies to from eNB perspective (a) a single PO (b) multiple POs
When the wake-up signal applies to multiple POs from eNB perspective, the multiple POs would associate to different UEs. As shown in Figure 1b, for the multiple POs option, a wake-up signal indicates the existence of MPDCCH at one or more of the four POs for UE1~UE4. In this case, for example, if there is UE1’s MPDCCH at UE1’s PO, UE2~UE4 are also woken up to detect MPDCCH at their POs. It causes false alarm and is not benefit for the power consumption reduction for UE2~UE4.Taking into account the wake-up signal applied to multiple POs option from eNB perspective would cause UE’s false alarm, it is not preferred.
Proposal 4: At least in a UE’s DRX cycle for Rel-15 eFeMTC, one wake-up signal informs UE whether to monitor the PO in a single DRX cycle. 
· Issue 4: The frequency resource of a wake-up signal
Regarding the frequency resource of a wake-up signal, it was agreed in the simulation assumption [5] that the following bullet provides a common basis for simulation purposes, however the issue needs to be discussed:
The power saving signal applicable to a UE is sent on the same narrowband as the first subframe of the associated subsequent physical channel(s) for Paging
The wake-up signal in eFeMTC can be transmitted within a predefined narrowband. If the narrowband for the wake-up signal is associated with multiple MPDCCH narrowbands for paging, it results that UEs monitoring other narrowbands are false alarmed when there is UE’s paging in one narrowband. Alternatively, the narrowband for the wake-up signal can be determined adopting the Rel-13 PNB determination method, i.e. the set of narrowbands can be used for the wake-up signal in the system is determined by the cell ID, and UE calculates its narrowband in the set according to its UE_ID. In this way, the wake-up signal is sent on the same narrowband as the first subframe of the associated MPDCCH. 
Within the narrowband, the PRB(s) for the wake-up signal relates to the signal design. If eFeMTC uses the same sequence designed in FeNB-IoT for a compatible design, eNB can configure the number of PRBs used by the wake-up signal and the PRB(s) used are determined by UE_ID. Thus the resources of the wake-up signal applied to different sub-groups of UEs associated to a PO can be differentiated in frequency domain. If multiple PRBs are used for a wake-up signal, the sequence can be repeated in the multiple PRBs or other PRB/PRBs are blank to boost the power of the sequence in one PRB.  
Proposal 5: The wake-up signal is sent on the same narrowband as the first subframe of the associated MPDCCH. Within the narrowband, eNB can configure the number of PRBs used by the wake-up signal and the PRB(s) used can be determined by UE_ID, if eFeMTC uses the same sequence designed in FeNB-IoT for a compatible design of the wake-up signal.
The wake-up signal design
In FeNB-IoT, the wake-up signal to indicate the necessity to decode subsequent channels is also studied. Therefore, compatible design can be considered between eFeMTC and FeNB-IoT in order to reduce the specification work load and benefit the implementation. The wake-up signal sequence for NB-IoT is designed using only one PRB in the frequency domain. For eFeMTC, one possible way is to reuse the sequence designed in FeNB-IoT. 
Proposal 6: To reduce the specification work, the sequence designed for the wake-up signal in FeNB-IoT is reused in eFeMTC.
Similar as is agreed in FeNB-IoT, the wake-up signal in eFeMTC should be cell-specific to avoid inter-cell interference and false alarm caused by the signal in another cell.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]To support coverage enhancement, the repetition number needs to be configured by SIB for the sequence to repeat. Since the wake-up signal can be used for synchronization, the UE will search the starting time of the sequence. If all repetitions are exactly the same, UE may wrongly detect the sequence at the start of e.g. the second subframe of the wake-up signal which causes serious timing error. So some methods should be considered to make the repetitions different from each other to eliminate the false detection. The wake-up signal can be time varying having a scrambling sequence which is initialized based on the subframe index. 
It is also possible that the wake-up signal for other PO(s) are located in the timing search window of the signal for a PO of the UE. If the wake-up signal in a cell is not time-varying, the UE may experience false alarm by false detecting the wake-up signal for other POs, e.g. the WUS of an earlier PO or the subsequent one, when searching for its own wake-up signal. This will lead to error in time/frequency synchronization and wastage of power.
According to the discussion above, the wake-up signal should be both time-varying and cell specific.
Proposal 7: The wake-up signal in eFeMTC should be both time-varying and cell specific.
For connected mode DRX
Motivation and time/frequency location of the power saving signal/channel
[bookmark: OLE_LINK8][bookmark: OLE_LINK11][bookmark: OLE_LINK70][bookmark: OLE_LINK71]For UEs in RRC connected mode, a DRX cycle consists of an ‘On Duration’ state and ‘DRX’ state. During ‘On Duration’ state, a UE should monitor the MPDCCH to check if it receives scheduling information. If it does, the UE will start an ‘Inactivity Timer’. UE keeps monitoring the MPDCCH until the ‘Inactivity Timer’ expires or is stopped by a MAC command. Then UE will be in “DRX” state, and the UE can go into the sleep mode to save power. 
Since only a small percentage of MPDCCH decoding yields a DL/UL grant relevant to the UE, the legacy connected mode DRX design and typical parameter settings result in large percentage of power expended to decode MPDCCH without finding any grant during ‘On Duration’ state. To alleviate the power consumption on decoding MPDCCH, the eNB could provide a power saving signal/channel to the UE before the start of the ON duration. The power saving signal/channel indicates to the UE whether it should expect a grant for the upcoming ON duration. If no grant should be expected, the UE can optionally go back to sleep and skip the ON duration. 
For the benefit of the power saving signal/channel on UE’s power saving, it depends on the DRX parameter setting and traffic characteristics. If we set the ON duration timer equal to 1, then the power saving by using the signal/channel to skip the MPDCCH monitoring during ON duration without grant is not so significant but additional resources are required. For certain traffic characteristic, the power overhead of the power saving signal/channel decoding can even remove any potential savings that comes with it. As an extreme example, if there is a grant every DRX cycle, then the total power consumed on detecting the power saving signal/channel and decoding the MPDCCH will be more than only decoding the MPDCCH. 
Thus the most efficient way is the network can choose to configure or not to configure the transmission of the power saving signal/channel. 
Proposal 8: The network can UE-specifically configure the transmission of the power saving signal/channel prior to MPDCCH in RRC_CONNECTED state.
The narrowband of the power saving signal/channel can be RRC signaled in RRC connected mode.
Proposal 9: The power saving signal/channel prior to MPDCCH for a UE in RRC_CONNECTED state can be transmitted before the start of the ON duration in the RRC signaled narrowband.
Signal design of the power saving signal/channel
Unlike MPDCCH for paging, MPDCCH in connected mode is UE specific. If the power saving signal/channel prior to MPDCCH serves a group of N UEs, N UEs will wake up to detect MPDCCH when only one of them really needs to do. The wake up of N-1 UEs has the same effect as false alarm and the power saving benefit for these N-1 UEs will not be gained. The power saving benefit would be even less when the signal/channel indicates whether there is grant in the upcoming ON duration with the ON duration timer larger than 1. That is because even only one UE in the group has its grant in one or several subframes during the ON duration, all the UEs in the group would wake up to detect MPDCCH. Thus, it is considered that the power saving signal/channel in connected mode serves a specific UE. 
As the number of frequency domain sequences or the orthogonal sequences is limited, if they are used as the power saving signal to separate some UEs, more time or frequency resources will be necessary to further separate UEs to make the signal serve a specific UE. To reduce the system overhead from this point of view, we can carry the UE identity information in the power saving channel. For example, an additional very compact DCI, e.g. 1 bit DCI can be the power saving channel transmitted prior to MPDCCH carrying DCI format 6-x.
Proposal 10: The power saving channel prior to MPDCCH for a UE in RRC_CONNECTED state carries the UE identity information via an additional very compact DCI.
Conclusion
This contribution discusses the power saving signal/channel prior to the MPDCCH to reduce UEs’ power consumption. The proposals are as following:
Proposal 1: Confirm the working assumption that ‘wake-up signal or DTX’ is used as the power saving signal for paging.
Proposal 2: The wake-up signal for paging is designed supporting synchronization functionality without new periodic synchronization signal.
Proposal 3: Depending on the wake-up signal resource configuration, a wake-up signal can be configured to apply to all the UEs or a sub-group of UEs associated to a PO, if RAN2 think it is feasible for the wake-up signal applying to sub-group of UEs associated to a PO.
Proposal 4: At least in a UE’s DRX cycle for Rel-15 eFeMTC, one wake-up signal informs UE whether to monitor the PO in a single DRX cycle. 
Proposal 5: The wake-up signal is sent on the same narrowband as the first subframe of the associated MPDCCH. Within the narrowband, eNB can configure the number of PRBs used by the wake-up signal and the PRB(s) used can be determined by UE_ID, if eFeMTC uses the same sequence designed in FeNB-IoT for a compatible design of the wake-up signal.
Proposal 6: To reduce the specification work, the sequence designed for the wake-up signal in FeNB-IoT is reused in eFeMTC.
Proposal 7: The wake-up signal in eFeMTC should be both time-varying and cell specific.
Proposal 8: The network can UE-specifically configure the transmission of the power saving signal/channel prior to MPDCCH in RRC_CONNECTED state.
Proposal 9: The power saving signal/channel prior to MPDCCH for a UE in RRC_CONNECTED state can be transmitted before the start of the ON duration in the RRC signaled narrowband.
Proposal 10: The power saving channel prior to MPDCCH for a UE in RRC_CONNECTED state carries the UE identity information via an additional very compact DCI.
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