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1. Introduction

 According to the working assumption of the last meeting, two candidates could be considered for power saving physical signal; one is wake-up signal or DTX (WUS-DTX) and the other is wake-up signal with no DTX (WUS-noDTX). In this paper, we consider WUS-DTX case. Detail comparison between WUS-DTX and WUS-noDTX can be found in our companion’s paper [1].
2. Discussions
2.1. Wake up signal occasion
By the definition, the wake up signal indicates whether the UE need to decode subsequent physical channel(s), especially NPDCCH. To ensure the UE’s monitoring of the wake up signal, the wake up signal should occur within the predetermined occasions. We can consider two possible methods for new physical signal occasion.

- Alt. 1) Wake up signal occasions can be determined with offset value from the desired search spaces. For example, wake up signal occasion for paging can be configured before k0 downlink subframes from paging occasion. 

- Alt. 2) Wake up signal occasion can be determined independently regardless of NPDCCH occasion. For example, bitmap representation or some parameters in SIB can be used to indicate starting subframes where occasions of the wake up signal can be configured. 

In case of Alternative 2, the wake up signal can be configured at the predefined occasion, and this occasion can be configured by the cell common manner. Thus it may have benefit if the new physical signal is used for indicating multiple POs and UE groups at once. However, combining multiple PO and UE groups can reduce the power consumption efficiency; unnecessary PO monitoring due to another UE paging can be increased due to the combining multiple UE groups. Also, gap between the wake up signal and the PO cannot be controlled dynamically. Thus, wake up time of the UE can be increased if the gap between the wake up signal occasion and PO is increased.
Compare to the alternative 2, alternative 1 has several benefits. First, gap between the ending subframe of the wake up signal and the starting subframe of the PO can be constant in alternative 1 method. It means that delay by the gap between the wake up signal and the PO can be controlled dynamically. Also signaling overhead for alternative 1 can be significant lower than alternative 2. In simple example, k0 value for indicating starting subframe of the wake up signal (or gap between the wake up signal and PO) might be required for alternative 1. Meanwhile, alternative 2 may require starting subframe index, period of the wake of signal, and/or the relationship between the PO and the wake up signal should be provided. Figure 1 shows the example of alternative 1 method. 
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Figure 1 Wake up occasion configuration using offset value
Proposal 1: The wake up signal starts at (n-k0)-th subframes where n is the starting subframe index of the paging occasion and the k0 is the offset value.
2.2. Wake up signal duration
To support the wake up signal, duration of the wake up signal should be provided to UEs. According to the simulation results, the wake up signal requires less number of subframes than the paging DCI, and the value of the signal duration depends on the synchronization capability, conveyed information, coverage level and so on. Simply, the duration of the wake up signal can be the function of the Rmax value to support same coverage level with paging. In this case, signal duration can be calculated by the product of the Rmax and predefined constant value. This method has benefit in terms of the signaling overhead; no additional overhead is required for this method. 
In other way, signal duration of the wake of signal can be configured by the network separately. For example SIB can be used for informing the wake up signal duration value to the UEs. Especially, this method can bring more benefits in case that the wake up signal can be used for the DL synchronization. For example, the network can configure the short signal duration even if it is not enough to achieve DL synchronization for some UEs in the extreme coverage level. In this case, UEs in the extreme coverage can monitor external existing DL synchronization signals (e.g. NPSS and NSSS) before the wake up signal occasion. The main reason to control the wake up signal duration separately is to have scheduling flexibility. If the wake up signal duration is determined by the maximum coverage level, signal duration becomes long. In this case, resource overhead of the wake up signal can be significantly large, and the possible occasion for scheduling the wake up signal can be restricted. Thus it is preferable to control the signal duration dynamically by the network. 
Proposal 2: The wake up signal duration is configured by SIB.
2.3. Number of UEs and POs
In legacy NB-IoT, a group of UEs monitors same PO. Likewise, the wake up signal occasion can be shared by a group of UEs. All the UEs which share same wake up signal occasion starts to monitor PO when it detect the wake up signal at the configured wake up signal occasion. In this case, UE which is not intended to be waked up will waste power due to another UE paging. To reduce the unnecessary power consumption, multiple sequences can be used to inform the UE sub-group in a wake up signal occasion. In this method, UE tries to detect the wake up signal based on the sequence which is determined by its UE ID. 
Although UE sub-grouping can reduce the probability of the unnecessary wake up, it should be considered carefully in several aspects. Most of all, it is obvious that the synchronization capability and the detection performance can be degraded as the number of information conveyed increases. If the number of sequences that UE has to detect is increased, false alarm and missed detection rate can be increased due to the correlation among the different sequences. Also, receiver complexity can be increased to compare multiple sequences at once with stable performance. Moreover, sequence length should be long enough to convey the various information with single sequence. As we described in our companion’s paper [1], various information candidates can be considered to enhance the power consumption efficiency. So, to support the sufficient number of information and to satisfy the detection performance, long sequence is preferable than shorter one. 

In this point of views, the wake up signal without DL synchronization capability is preferable to convey the information of the UE sub-group information. After achieving DL synchronization, it is possible to detect the sequence in a frequency domain, which can be designed longer and can have lower complexity receiver algorithm compare to the time domain sequence design.
In another point of view, multiple PO can be controlled by one wake up signal. The main motivation of this might be a resource overhead problem. If every PO has its wake up signal occasion individually, required number of transmissions of the wake up signal can be large. Also, multiple PO indication by one wake up signal can reduce the number of wake up signals to be monitored, which can help reducing UE power consumption when paging rate is low and expected. 

If multiple PO indication is introduced, it is preferable that the number of POs which is indicated by a wake up signal is informed as  semi-static information. As we described above, number of information conveyed by the wake up signal can impact on a wake up signal reception performance and receiver complexity. In other way, number of POs can be fixed or the function of other parameters. For example, the number of POs indicated by a wake up signal can be same with the number of PO within the PTW region in case of the eDRX case.
Proposal 3: If wake up signal without synchronization capability is introduced, UE sub-group information can be indicted by the sequence. 

Proposal 4: The number of POs that is indicated by a wake up signal is configured by SIB.

2.4. Collison handling
Likewise the other existing signals and channels, collision handling between the wake up signal and other legacy signals/channels should be considered. For example, search space for other purpose (e.g. RACH and SC-PtM) can collide with the wake up signal occasion. To support the backward compatibility, the wake up signal should be deprioritized than existing signals and channels. To avoid the collision, several approaches can be considered. One possible method is delaying the wake up signal to the next wake up signal occasion. However, scheduling latency can be increased especially when long DRX cycle is used. Also, there is no guarantee that the next wake up signal occasion is valid for the transmission. In another way, the wake up signal can be postponed after the collided signals/channels. However, if the gap between the wake up signal and the PO is not enough for the wake up signal duration, it is still impossible to support the transmission. Alternatively, UE can assume that paging DCI can be transmitted without wake up signal when collision is occurred at the wake up signal occasion. This method is just following legacy NB-IoT procedure. Thus, UE can monitor PO additional overhead or delay. 
Proposal 5: To handle the collision between wake up signal and other legacy signals/channels, it can be considered that UE assumes that paging DCI can be transmitted without corresponding wake up signal when the wake up signal collide with other legacy signals/channels.

3. Conclusion
In this contribution, we discussed wake-up signal configurations and procedures especially for the wake-up signal or DTX case. The proposals of this contribution are summarized as follows.
Proposal 1: The wake up signal starts at (n-k0)-th subframes where n is the starting subframe index of the paging occasion and the k0 is the offset value.
Proposal 2: The wake up signal duration is configured by SIB.
Proposal 3: If wake up signal without synchronization capability is introduced, UE sub-group information can be indicted by the sequence. 

Proposal 4: The number of POs that is indicated by a wake up signal is configured by SIB.

Proposal 5: To handle the collision between wake up signal and other legacy signals/channels, it can be considered that UE assumes that paging DCI can be transmitted without corresponding wake up signal when the wake up signal collide with other legacy signals/channels.
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