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1. Introduction

 In the last RAN1 meeting, working assumption and agreements were made as follows [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
· Wake-up signal with no DTX
· FFS:

· Information conveyed by the physical signal

· Design of the physical signal




In this contribution, we discuss and provide our view on the wake up signal the power saving DCI issues.
2. Function of the wake up signal/channel
2.1. Idle mod paging
2.1.1. Wake up signal with or without DTX
According to the agreements in 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 the WUS-DTX method, transmission of the wake up signal can indicate UE to decode subsequent physical channel(s), while DTX indicates that UE does not need to wake up to monitor subsequent channel(s). On the other hand, WUS-noDTX method could use more than one sequence to represent both wake-up operation and go-to-sleep operation separately. 
There are several aspects that should be considered to decide wake-up signal function between WUS-DTX and WUS-noDTX. One major point is synchronization functionality. As we described in the next section, wake-up signal could be designed to have capability of DL synchronization. If the wake-up signal could be used to achieve the DL synchronization, WUS-noDTX can serve DL synchronization at every wake up signal occasions. However, WUS-DTX method cannot guarantee DL synchronization at every wake up signal occasion due to the DTX case. Thus, WUS-noDTX can serve more stable DL synchronization performance than WUS-DTX if the wake up signal is designed to can be used for achieving DL synchronization. 
Also, impact of the resource overhead by the wake up signal should be considered. In case of WUS-noDTX, either wake-up signal or go-to-sleep signal should be transmitted in every wake up signal occasion, while WUS-DTX does not occupy any resource in case of go-to-sleep operation. Thus, it is obvious that WUS-noDTX requires more resource overhead than WUS-DTX. This can make negative impact on the legacy UE in a several aspects. First, the number of possible valid subframes is reduced, which affects the latency and scheduling restriction. Also, measurement and cross subframe channel estimation performance can be degraded due to the impossibility of using CRS within the wake up signal occasions. In this point of views, using WUS-DTX is preferable than WUS-noDTX. 
Proposal 1: Use wake-up signal with DTX to indicate whether the UE needs to decode subsequent physical channel(s) 
2.1.2. Synchronization function of the wake up signal
If wake up signal can be used to achieve DL synchronization, UE may not require monitoring external existing synchronization signals (e.g. PSS and SSS) before the wake up signal. Thus wake up signal with synchronization capability can save the energy by skipping legacy synchronization procedure. However, required transmission duration of wake up signal with synchronization capability will be longer to serve both the wake up information and the DL synchronization to UE.
On the other hand, if the wake up signal without synchronization capability is introduced, UE should monitor external existing synchronization signals before the wake up signal occasions. Thus power consumption efficiency can be bounded due to the cost of default power consumption of DL synchronization procedure. However, required signal duration of wake up signal might be much shorter than paging DCI if  smaller information is conveyed by the wake up signal. Especially, signal duration of the wake up signal without synchronization capability can be shorter than one with synchronization capability. So, power saving gain can be achieved by reducing monitoring duration when there is no paging message. 
According to the evaluation results in our companion contribution for NB-IoT agenda item [2], power consumption efficiency of these candidates can be different by the scenario and synchronization assumptions. In general, power consumption efficiency of wake up signal with synchronization capability is better than one without synchronization capability. Also, if configured signal duration of wake up signal with synchronization is not enough for achieving DL synchronization, UE can decide to monitor external existing synchronization signals beforehand to satisfy target missed detection and false alarm rate. Thus, synchronization function of the wake up signal has benefits in terms of power consumption efficiency.
However, wake up signal with synchronization capability may not suitable to convey further information than simple wake-up or not. As we described in the next section, several information candidates can be considered to enhance the power consumption efficiency of the wake up signal. Synchronization procedure may require higher complexity and longer signal duration if it conveys additional information on top of the wake up indication. Meanwhile, detecting complexity of the wake up signal without synchronization capability can be much lower than the one with synchronization capability even if it conveys some additional information. In this point of view, wake up signal without synchronization capability can be beneficial to convey information.
Considering the aspects discussed above, wake up signal design discussed in our companion paper for NB-IoT [2] can be also applied to the wake up signal design for MTC.
2.1.3. Information on wake up signal

When using wake up signal, further information can be carried on the wake up signal to enhance the UE’s power consumption efficiency. In this section, we consider three possible candidates that can be conveyed by the wake up signal.
Neighbor cell differentiation
To distinguish the wake up signal of the serving cell from the one of the neighbor cell, it is desired to convey cell ID information by the wake up signal. Major purpose of the cell ID information is to reduce the false alarm rate; prevent the undesired wake up due to the wake up signal from the neighbor cell. 
However, necessity of the cell ID information can depends on the assumption of the tracking area. If cells in the same tracking area have same paging occasion, wake up signal occasion and its configuration can also be same. If time/frequency resource configuration of the wake up single for specific UE ID is same among the cells in a tracking area, cell ID information may not be required to be conveyed by wake up signal. However, there are several limitations on this assumption. For example, configuration of narrow band and its operation between different cell might not be same to each other. In this perspective, wake up signal may have to be differentiated between neighbor cells depending on the deployment of neighbor cells.
Although the neighbor cell differentiation can have benefits in terms of power saving efficiency, the number of possible sequences for the cell ID representation should be considered carefully. It is obvious that increasing number of sequence candidate can reduce the performance of the signal detection. Also, false alarm rate due to the wake up signal from the neighbor cell may not induce the significant problem. Thus level of neighbor cell differentiation is not required to be equal as the number of cell IDs.
UE or UE group ID

For the paging message, group of UE shares same paging occasion. If paging DCI is transmitted, all the UEs in a same group decode MPDSCH scheduled by paging DCI even if the UE is not included in the actual paging message. Thus, some UE might waste the power due to the other UE paging. If single wake up signal is configured without UE differentiation, all the UEs which shares same wake up signal occasion will wake up by the wake up signal. To prevent unnecessary power consumption due to the other UE paging, it is desired to convey UE ID or UE group ID information on the wake up signal. For example, different sequence can be used to indicate different UE (group) ID. In this case, UE detects the wake up signal based on the sequence which is generated by its UE ID. As shown in our evaluation results in our companion’s paper, UE ID information can enhance the power consumption efficiency.
In some scenario, multiple UEs which share same wake up signal occasion need to be wake up at once. However, scheduling restriction problem can occur if different UEs expect different wake up sequence at the same wake up signal occasion. In this situation, some UEs may lose the chance to be scheduled on the wake up signal occasion. To prevent scheduling restriction problem, common wake up sequence can be used in addition to the UE (group) specific wake up signal. In this case, UE may require detecting more than one sequence candidates for the single wake up signal occasion which can lead performance degradation of the wake up signal. 
As we described above, power consumption efficiency can be enhanced by conveying cell ID and/or UE (group) ID information by the wake up signal. In addition, other information can be considered to be conveyed for power consumption efficiency, such as paging occasion configuration, DRX duration and so on. However, tradeoff between the benefits and drawback from the conveyed information should be considered carefully. For example, receiver complexity for the signal detection and false alarm/missed detection rate can be increased by multiple signal candidates to be detected. Especially, if the wake up signal does not rely on external existing synchronization signals, the impact of the number of conveyed information to the synchronization performance and the UE receiver complexity can be significant. Also, sequence length of the wake up signal should be considered together. In general, longer sequence can convey larger information than shorter one. In this point of view, the wake up signal without synchronization capability design may be more suitable to convey further information for the power consumption efficiency enhancements. 
Proposal 2: The wake up signal should be able to differentiate neighbor cells.

Observation 1: If large number of wake up signal sequences is necessary for neighbor cell identification and additional information, wake up signal design without synchronization capability is more appropriate. 

2.1.4. DCI based power saving operation 

According to the agreements in the previous meeting, power saving mechanism using the wake up signal can be semi-statically enabled and disabled by the network. If the wake up signal operation is disabled by the network, UE will not expect any wake up signal and power consumption reduction cannot be achieved. On the other hand, even if the wake up signal operation is enabled by the network, additional technique could be considered to enhance the power saving efficiency. 
In this point of view, introducing new physical channel for the power consumption efficiency can be considered together on top of the wake up signal method. For this purpose, the power saving DCI which shares same search space and has same format size with subsequent target MPDCCH can be considered. For example, in case of paging, the power saving DCI format can have same information bit size and CRC length with paging DCI. Also, the power saving DCI can share same search space without increasing blind decoding complexity, by using different RNTI (e.g. WU-RNTI). Thus it does not require additional reserved resource. With this design, UE monitors same search space as legacy procedure and it can check two different RNTI values. If UE succeeds in MPDCCH decoding with RNTI value for the power saving DCI, than UE will interpret the contents of DCI as indicating power consumption reduction mechanism. Thus it is possible to control power consumption reduction mechanism dynamically by the network.  
The power saving DCI can be used without the wake up signal when the power saving signal is disabled by the network. In this case, power saving procedure can be configured directly without increasing UE complexity. Moreover, the power saving DCI can be used together with the wake up signal when the wake up signal operation is enabled by the network. In this case, UE can monitor power saving DCI in a paging search space after detecting the wake up signal without additional complexity. Using the information conveyed by the power saving DCI, multiple paging occasions can be controlled by the power saving DCI. 
In general, it is obvious that DCI based solution can contain larger information than signal based solution. In case of the power saving DCI, same information bit with paging DCI can be conveyed by the power saving DCI. For example, X bit information can indicate X paging occasions whether to be monitored or not. This feature makes it possible that UE needs not monitor multiple paging occasion with single DCI decoding. Also, power consumption reduction of the power saving DCI can be increased as the number of information bits for indicating multiple paging occasions is increased. In another way, the power saving DCI can contain information for the DRX cycle. Currently, DRX cycle should be controlled by RRC signaling. However, if the power saving DCI contains information of the DRX cycle, it can control DRX cycle dynamically and can reduce the power consumption of the UE. Figure 1 shows an example of indicating multiple paging occasions with the power saving DCI. As shown in this example, UE monitors part of configured search space only base on the information on the power saving DCI.
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Figure 1 Indicating multiple search spaces using the power saving DCI
Also, the power saving DCI can control multiple UE group individually by grouping UE IDs. For example, in case of paging, group of UEs monitor same paging occasion at the same time. In the legacy system, UE has to decode PDSCH when it detects DCI format at its paging occasion, even if the paging message does not aim to the UE in the end. In case of the power saving DCI is used to control paging occasions to be monitored, 15+[x] bits are available and it can be divided multiple region to indicate multiple group of UE separately. For example, three UE group can be configured and 5 bits allocated to each UE group. Figure 2 shows on example of dividing DCI field for multiple UE group.
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Figure 2 Example of the power saving DCI field division for UE grouping
Additionally, missing the power saving DCI does not impact on a missing probability of the paging message. If the UE miss the power saving DCI, UE will monitor its search space continuously without skipping search spaces. In this case, although power consumption reduction cannot be achieved, UE can work same operation as Rel-14 UE. Moreover, missing probability of the power saving DCI is same as the paging DCI, which is already achieved the target performance for the paging DCI. Also, false alarm rate of the proposed new physical channel is very low because its false alarm depends on CRC length of it. It is well known that the false alarm rate of the channel which contains length L CRC is 2-L.
Observation 2: The new DCI with same format size with desired MPDCCH and different RNTI value does not require additional resource reservation and configuration for the power reduction. 

Observation 3: Missing new DCI for power consumption reduction does not impact on a missing probability of desired MPDCCH.

Observation 4: False alarm rate of the proposed new DCI depends on CRC length.
Proposal 3: Introduce power saving DCI format for power saving operation which shares same search space and same Format size with paging DCI.
Proposal 4: The power saving DCI format has following characteristics.

· The power saving DCI enables/disables monitoring of paging occasions configured to a UE
· The power saving DCI can be distinguished from paging DCI by applying different RNTI value. 
· The power saving DCI can control multiple groups of UE separately.
2.2. Connected mode DRX

In case of Idle mode paging, the wake up signal can bring the benefits in several aspects. On the other hand, connected mode DRX has different characteristic from the idle mode, and it may not be suitable for using the wake up signal. In case of the wake-up signal, power consumption of UE could be increased when the MPDCCH is transmitted frequently. If UE have to monitor and decode both wake-up signal and MPDCCH frequently, the power consumption efficiency can be decreased. In the worst case, UE which monitors wake-up signal could spend more power than the UE which does not support wake-up signal operation. 
However, the power saving DCI which has explained in the previous section does not spend more power than the legacy UE operation. In the worst case where even MPDCCH skipping does not occur during the connected mode DRX, power consumption of the UE which monitors power saving DCI is same as the one of the UE with legacy operation. Thus, using the power saving DCI method in connected mode DRX is preferable.
Proposal 5: In case of connected mode DRX, the power saving DCI which shares same search space and same Format size with target DCI is used for power consumption efficiency
· The power saving DCI enables/disables monitoring of USS configured to a UE
· The power saving DCI can be distinguished from paging DCI by applying different RNTI value. 
3. Configurations and procedures of the wake up signal/channel
3.1. Wake up signal occasion
By the definition, the wake up signal indicates whether the UE need to decode subsequent physical channel(s), especially MPDCCH. 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 MPDCCH 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 6: 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.
3.2. 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 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 7: The wake up signal duration is configured by SIB.
3.3. Number of UEs and POs
In legacy LTE, 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 above, 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 8: If wake up signal without synchronization capability is introduced, UE sub-group information can be indicted by the sequence. 

Proposal 9: The number of POs that is indicated by a wake up signal is configured by SIB.

3.4. 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 eMTC procedure. Thus, UE can monitor PO without additional overhead or delay. 

Proposal 10: To handle the collision between wake up signal and other legacy 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.
4. Conclusion
In this contribution, we discuss and provide our view on the wake up signal and power saving DCI for UE power consumption reduction. The proposals and observations are summarized as flows
Proposal 1: Use wake-up signal with DTX to indicate whether the UE needs to decode subsequent physical channel(s) 

Proposal 2: The wake up signal should be able to differentiate neighbor cells.

Observation 1: If large number of wake up signal sequences is necessary for neighbor cell identification and additional information, wake up signal design without synchronization capability is more appropriate. 

Observation 2: The new DCI with same format size with desired MPDCCH and different RNTI value does not require additional resource reservation and configuration for the power reduction. 

Observation 3: Missing new DCI for power consumption reduction does not impact on a missing probability of desired MPDCCH.

Observation 4: False alarm rate of the proposed new DCI depends on CRC length.
Proposal 3: Introduce power saving DCI format for power saving operation which shares same search space and same Format size with paging DCI.
Proposal 4: The power saving DCI format has following characteristics.

· The power saving DCI enables/disables monitoring of paging occasions configured to a UE
· The power saving DCI can be distinguished from paging DCI by applying different RNTI value. 
The power saving DCI can control multiple groups of UE separately.

Proposal 5: In case of connected mode DRX, the power saving DCI which shares same search space and same Format size with target DCI is used for power consumption efficiency

· The power saving DCI enables/disables monitoring of USS configured to a UE
· The power saving DCI can be distinguished from paging DCI by applying different RNTI value.
Proposal 6: 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 7: The wake up signal duration is configured by SIB.
Proposal 8: If wake up signal without synchronization capability is introduced, UE sub-group information can be indicted by the sequence. 

Proposal 9: The number of POs that is indicated by a wake up signal is configured by SIB.

Proposal 10: To handle the collision between wake up signal and other legacy 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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