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1 Introduction
In RAN #75, a new WID on even further enhanced MTC for LTE was agreed [1]. One of the aims in the WID is to reduce the power consumption for physical channels. The potential mechanisms include introducing a so-called wake-up signal/channel for idle mode paging and/or connected mode DRX.
· 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.

In this contribution, we discuss the benefit and the design of a wake-up signal/channel for idle mode paging and connected mode DRX.
2 Wake-up signal/channel for idle mode paging
The basic usage of a paging message in idle mode is to wake a UE. A paging message includes paging record list. One paging record includes one paging UE ID, and the paging UE ID may be IMSI or S-TMSI. To receive the paging message, the UE needs to decode both MPDCCH and PDSCH (carrying the paging message) to see whether the UE ID in the paging record matches the UE ID of its own. Most of the time, the paging message is not addressing the UE so that it will be a waste of UE’s power to decode MPDCCH and PDSCH, especially when they are transmitted with repetitions in coverage enhancement.
Another usage of paging in idle mode is to indicate a system information update, CMAS notification, ETWS notification and EAB parameters modification. For BL/CE UEs, DCI format 6-2 can carry such direct indication information when the flag for paging/direct indication differentiation equals 0. As for example the system information may not be updated very often, the UE may attempt to decode MPDCCH for multiple DRX cycles but find there is no such direct indication information. The UE’s power is wasted for these MPDCCH decoding attempts.
To reduce UE’s power consumption, it will be beneficial to transmit a wake-up signal/channel before the MPDCCH with CRC scrambled by the P-RNTI. And the wake-up signal/channel should be easier to decode or detect than MPDCCH. As the UE using DRX in idle mode needs only to monitor one PO per DRX cycle, one wake-up signal/channel can also be monitored by the UE per DRX cycle. The P-RNTI scrambled MPDCCH or the paging message is usually addressing a group of UEs. Similarly, a single wake-up signal/channel for paging would serve a group of UEs. If a UE detects the wake-up signal/channel for the UE group it belongs to, it will further detect the P-RNTI scrambled MPDCCH. Otherwise, it will continue to sleep. The number of UEs per group needs to balance the wake-up signal/channel resources and the power savings.
Proposal 1: The wake-up signal/channel serving a group of UEs is transmitted in the DRX cycle prior to the transmission of MPDCCH scrambled by the P-RNTI.
3 Wake-up signal/channel for connected mode DRX
For UEs in RRC connected mode, the DRX operation is shown in Figure 1. A DRX cycle consists of an ‘On Duration’ and ‘DRX period’. 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 timer ‘Inactivity Timer’ expires or is stopped by a MAC command. Then UE will be in “DRX” period, and the UE can go into the sleep mode to save power. Two DRX cycles, short and long, are used to balance the power saving and low latency requirement.
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Figure 1 LTE DRX operation example

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 wake-up signal/channel to the UE shortly before the start of the ON duration. The wake-up 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. If the energy expended to receive the wake-up signal is substantially lower than the energy to get through the ON duration, the overall power consumption can be reduced [2]. An example of the power consumption for wake up signal operation is shown in Figure 2.
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Figure 2 Wake up signal operation example
Nevertheless, the benefit of wake up signal/channel on UE’s power saving 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 wake up signal/channel to skip the MPDCCH monitoring during on duration without grant is not so significant but additional resources are required. The on-duration timer setting should balance the power saving and latency requirement, as the short on-duration timer would put a limitation to the responsiveness of the UE when a new DL packet arrives/the UE has new UL packet to send and thus potentially increase the latency. 
For certain parameter setting and traffic characteristic, the power overhead of wake up 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 wake up signal/channel and decoding the MPDCCH will be more than only decoding the MPDCCH. 

The gain of the wake up signal/channel cannot always be obtained, thus it is envisioned that the network can choose to configure or not to configure the transmission of wake up signal/channel.
Proposal 2: The wake up signal/channel for a UE in RCC_CONNECTED state can be transmitted shortly before the start of the ON duration when there is scheduling information in the ON duration time.
Proposal 3: The network can UE-specifically configure the transmission of wake up signal/channel.

4 Wake-up signal/channel design principles and options
The wake-up signal/channel needs to be designed to have a very low missed detection rate since the penalty for a missed detection of the wake-up signal/channel is significantly increased latency in delivering the data. At the same time, having a false alarm rate that is too high is also not desirable since it limits the potential for power saving. 
The design should also consider the number of UEs that can be awoken by a single transmission of the wake-up signal/channel. Less wake-up signal/channel resources are needed if a large number is chosen, but it will decrease the benefit of power consumption. The design should take into consideration the balance of wake-up signal/channel resources and UE’s power consumption. As the amount of power reduction depends on many factors (e.g., DRX parameter setting, traffic characteristic, the specific design), companies are encouraged to declare how they have estimated the power saving for their design. Some other design guidelines can also be considered. For example, the repetition number of the wake-up signal/channel for idle mode paging should cover all UEs in a cell and be configurable by SIB2. For connected mode DRX, it seems clear that the wake-up signal/channel should support CE modes A and B. The wake-up signal/channel needs to be defined always decodable by a BL UE with maximum 1.4 MHz DL bandwidth. To define extensions of the basic signal which are optimized for larger bandwidth BL UEs can be a second priority. It also seems clear that the decoding effort of the wake-up signal should be less than required to blind decode MPDCCH in an equivalent MCL.
Proposal 4: The wake-up signal/channel in RRC connected mode supports CE modes A and B, and should not have higher decoding complexity than MPDCCH in the same MCL.
Proposal 5: The wake-up signal/channel is always decodable by a BL UE with maximum 1.4 MHz DL bandwidth. Other bandwidths for the wake-up signal/channel can be considered with lower priority.
As the starting point, the following options can be considered for wake-up signal/channel:

· Frequency domain orthogonal sequences (e.g. Zadoff-Chu like sequences) 

· Simplified MPDCCH (can be robustly decoded with relaxed channel estimation, time/frequency tracking requirement)

Proposal 6: As the starting point, the design of the wake-up signal/channel can consider frequency domain orthogonal sequences and simplified MPDCCH.
5 Conclusion
This contribution analyzes the benefit of wake-up signal/channel and gives the candidate options. The proposals are as following:
Proposal 1: The wake-up signal/channel serving a group of UEs is transmitted in the DRX cycle prior to the transmission of MPDCCH scrambled by the P-RNTI.

Proposal 2: The wake up signal/channel for a UE in RCC_CONNECTED state can be transmitted shortly before the start of the ON duration when there is scheduling information in the ON duration time.
Proposal 3: The network can UE-specifically configure the transmission of wake up signal/channel.

Proposal 4: The wake-up signal/channel in RRC connected mode supports CE modes A and B, and should not have higher decoding complexity than MPDCCH in the same MCL.

Proposal 5: The wake-up signal/channel is always decodable by a BL UE with maximum 1.4 MHz DL bandwidth. Other bandwidths for the wake-up signal/channel can be considered with lower priority.
Proposal 6: As the starting point, the design of the wake-up signal/channel can consider frequency domain orthogonal sequences and simplified MPDCCH.
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