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In RAN#75, the work item on Further NB-IoT enhancements was approved [1]. One of the objectives is to achieve further power consumption reduction for physical channels:
· [bookmark: _Toc242573354]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] 
In this contribution, we discuss possibilities of achieving this objective along with additional considerations that need to be discussed. We use idle mode paging as an example; however many of the aspects discussed in this contribution applies to connected mode DRX as well.
Idle mode paging and UE power consumption
UE idle mode operation for monitoring paging is illustrated in Figure 1. In every paging cycle, the UE wakes up in its designated time window to check whether there is a paging message. A paging cycle may be configured as DRX or eDRX cycle. The maximum DRX and eDRX cycles are 10.24 seconds and two hours, 54 minutes and 46 seconds, respectively. A paging message is carried in NPDSCH and scheduled by DCI format N2 carried in NPDCCH. Multiplexing paging records for multiple UEs within one paging message is supported.
For UEs in extreme coverage limited situations, up to 2048 repetitions may be used for transmitting a DCI. Thus, a UE may need to receive as many as 2048 subframes to determine whether there is a paging message sent on the associated NPDSCH (starting 4 NB-IoT subframes from the end of last NPDCCH subframe). In most cases however, there may be no DCI format N2 sent at all during an (e)DRX cycle. Thus from power efficiency point of view, the UE may in many cases stay awake for unnecessarily long time attempting to decode DCI format N2.



Figure 1: UE idle mode operation for monitoring paging.
Potential solution for UE power consumption reduction
One possible solution for UE power consumption reduction is to indicate before the first subframe of the NPDCCH search space, whether there will be any paging record sent during an (e)DRX cycle.
There are two alternatives as discussed below.
Alternative 1: “go-to-sleep” signal. This signal is used to indicate that there will be no paging record sent during the (e)DRX cycle that follows. Upon receiving such a signal, the UE goes back to the sleep mode. However, if the “go-to-sleep” signal is not detected, the UE has to stay up to attempt to decode the DCI format N2 carried in NPDCCH.
Alternative 2: “wake-up” signal. This signal is used to indicate that there will be one or more paging records sent during the (e)DRX cycle that follows. Upon receiving such a signal, the UE needs to stay up to attempt to decode the DCI format N2 carried in NPDCCH. However, if the “wake-up” signal is not present, the UE can go back to sleep.
Both alternatives can be illustrated in Figure 2. Both alternatives can help reduce UE power consumption, especially for UEs in extreme coverage limited situations.



Figure 2: UE idle mode operation for monitoring paging.

Go-to-sleep signal versus wake-up signal
With the “go-to-sleep” signal approach, it is up to the eNB to determine whether it desires to provide such a signal to improve UE power efficiency, since the absence of such an indicator does not result in UE missing a paging message. Being able to skip such an indicator, from eNB scheduler flexibility perspective, may be advantageous. For example, if the subframe(s) before the start of the NPDCCH search space is already used for sending NPDCCH or NPDSCH to another UE, the eNB may want to skip such an indicator. On the other hand, if the subframe(s) before the start of the NPDCCH search space is available, eNB can signal such an indicator, when there will be no paging message in the (e)DRX cycle, to help the UE conserve energy. Furthermore, the “go-to-sleep” signal approach is more robust in the sense that if the UE fails to detect such an indicator, there is no risk of missing a paging message. One drawback though is that a maximum UE power saving can be achieved only when such an indicator is always sent whenever there is no paging message in the (e)DRX cycle, and this would increase system overhead (depending on the number of configured Paging Frames).
With the “wake-up” signal approach, the overhead required for maximizing the UE power saving is smaller as this signal only should be sent when there will be a paging message during the subsequent (e)DRX cycle. However, if indeed there will be a paging message during the subsequent (e)DRX cycle, the wake-up signal needs to be sent, otherwise the UE will miss the paging message. However, it is likely that the subframe(s) before the start of NPDCCH search space may be already used for sending NPDCCH or NPDSCH to another UE or SI messages. Thus, this solution will either have a very negative impact on scheduling flexibility or the “wake-up” signal cannot always be transmitted, resulted in missed paging. One possible solution is to indicate whether “wake-up” signal will be used or not using System Information (SI). This allows the eNB to toggle between on and off of such a feature. When the feature is turned off, the UE can skip checking the “wake-up” signal, but needs to always attempt to monitor the NPDCCH search space. This however requires a new UE SI monitoring behaviour, which may have a negative impact on UE power efficiency. Further, SI change is rather slow and this would not be dynamic enough to remove the scheduling restriction drawback.
In summary, the pros and cons of using “go-to-sleep” signal and “wake-up” signal need to be carefully analysed to assess their impacts on additional signalling overhead, scheduling flexibility, and achieved UE power efficiency improvement.

Proposal 1: The pros and cons of using a go-to-sleep” or “wake-up” signal need to be carefully analyzed to assess their impacts on additional signalling overhead, scheduling flexibility, and achieved UE power efficiency improvement.

The exact waveform for supporting either of such indicators needs to be discussed further. However, the waveform needs to be similar to other downlink channels so that the additional development efforts on the UE side for receiving such indicators can be minimized. It is strongly preferred that existing NB-IoT downlink OFDM modulation is used. The exact symbol or bit sequence patterns for mapping such indicators can be FFS.

Proposal 2: It is strongly preferred that existing NB-IoT downlink OFDM modulation is used for supporting a “go-to-sleep” or “wake-up” signal. However, the exact symbol or bit sequence patterns for mapping such indicators can be FFS.
Summary
In this contribution, we discuss possibilities of UE power efficiency improvement using either the “go-to-sleep” signal or “wake-up” signal. We also discussed the pros and cons of each of these approaches. 

Proposal 1: The pros and cons of using a “go-to-sleep” or “wake-up” signal need to be carefully analyzed to assess their impacts on additional signalling overhead, scheduling flexibility, and achieved UE power efficiency improvement.

Proposal 2: It is strongly preferred that existing NB-IoT downlink OFDM transmission is used for supporting a “go-to-sleep” or “wake-up” signal. However, the exact symbol or bit sequence patterns for mapping such indicators can be FFS.
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