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1. Introduction

In the last RAN1 meeting, working assumption and agreements were made as follows [1]:
	Agreements:

· Working assumption: WUS/DTX is adopted for the power saving  signal for IDLE mode paging;

· The UE is configured with a transmission duration of WUS by higher layers

· The WUS signal may be decoded with or without relying on prior synchronization

· Whether the UE needs to acquire (further) synchronization using NPSS/NSSS to decode the NPDCCH following the WUS is FFS
· The power saving of using existing synchronization signal to achieve sync and using WUS for synchronization should be compared.
· For RAN#78 timeline, RAN4 can assume the UE is synchronized prior to the WUS
· After RAN#78, RAN1 and RAN4 will conduct additional work to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 144 dB MCL; and will study to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 154, 164 dB MCL
· Status of work on ‘Relaxed monitoring for cell reselection’ in RAN2/4 should be considered
Agreements:

· RAN1 assumes that introduction of WUS does not alter PO/PF definition

· At least in a UE’s DRX cycle:

· WUS supports at least being applied to all the UEs monitoring WUS associated to a PO in a NB-IoT carrier;

· FFS: eNB can configure WUS being applied to a group of more than one of the UEs associated to a PO in a NB-IoT carrier

Working assumption:

· At least in a UE’s DRX cycle, how the UE knows the WUS time location, is:

· A WUS has a time location which is configurable with respect to the associated PO(s) location(s)

Agreements: 

· At least in a UE’s DRX cycle, one WUS informs UE whether to monitor the PO in a single DRX cycle 

Agreements:

· WUS signal is at least cell-specific;

· FFS scrambling of WUS including time varying scrambling

Long ZC sequence based signal is considered as the starting point for WUS signal:
Agreement
· The [maximum] duration of WUS is configured per NB-IoT carrier 
· FFS: WUS actual transmission duration can be shorter than the configured maximum duration of WUS.
· Alt 1: The actual WUS duration is transmitted aligning to the start of the configured maximum duration of WUS.
· Alt 2: The actual WUS duration is transmitted aligning to the end of the configured maximum duration of WUS.
· There is a non-zero gap from the end of configured [maximum] WUS duration to the associated PO
· FFS: exact value of non-zero-gap
· FFS if it is fixed in spec or configurable explicitly, or known implicitly from other configured parameters
Agreement
· The network can enable or disable use of the WUS 
· How UE acquires information on WUS enabling/disabling is up to RAN2 decision
Agreement
· UE can assume all the REs for transmission of WUS in a given subframe use the same antenna port.
· The UE shall not assume the transmission of WUS in more than X consecutive subframes use same antenna port.

· FFS: value of X

Agreement
WUS sequence is based on ZC-sequence
· When designing WUS sequence, negative impact on legacy NSSS detection should be avoided.
Working assumption
· WUS sequence is a sequence mapping within one subframe as a basic unit and repeated/extended for multiple subframes to support larger coverage.

· Prioritizie to minimize impact on UE synchronization performance.
· FFS: detailed design on time-varying of the WUS signal


In this contribution, we discuss and provide our view on the wake up signal configurations and procedures for NB-IoT.
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. According to the working assumption in a previous meeting, wake up signal occasion can be configured with respect to the associated PO(s) location(s). Likewise scheduling delay definition in FDD NB-IoT, wake up signal occasion can be configured with offset from PO based on NB-IoT DL subframe which is configured after the UE has obtained SIB1-NB. 

For wake up signal occasion configuration, we can consider two possible methods:
- Alt. 1) Starting subframe of monitoring wake up signal is subframe n0, which is located on k0 NB-IoT DL subframe(s) before subsequent PO.
- Alt. 2) Ending subframe of monitoring wake up signal is subframe n0, which is located on k0 NB-IoT DL subframe(s) before subsequent PO.
Figure 1 shows examples of two alternatives for wake up signal occasion configuration. In case of alternative 1, UE can expect its wake up signal will starts at n0 subframe and it will be transmitted in N consecutive NB-IoT subframe(s) where N represent the number of required subframes(s) for the wake up signal duration. It is obvious that the offset value k0 should be designed to avoid a collision between the wake up signal and subsequent PO. Thus, the offset value k0 should have capability to support various value of wake up signal durations, which may depends on target MCL. Moreover, flexibility of gap configuration between the wake up signal and subsequent PO can be restricted because it depends on both offset value k0 and the wake up signal duration. On the other hand, in case of alternative 2, offset value k0 is not affected by the wake up signal duration. Also, gap between the wake up signal and subsequent PO can be guaranteed because offset value k0 can be interpreted as gap. 
Proposal 1: Ending subframe of monitoring wake up signal is located on k0 NB-IoT DL subframe(s) before subsequent PO.
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Figure 1 Wake up occasion configuration using 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. In the last meeting, it was agreed that the duration of wake up signal is configured in SIB per NB-IoT carrier as one value from a list. According to the agreement, eNB can have scheduling flexibility for wake up signal duration. In general, eNB can configure long duration to support enhanced coverage level or configure short duration to reduce the overhead due to the wake up signaling. It is obvious that scheduling flexibility for the wake up signal duration can be increased as level of granularity of the duration is increased. However, signaling overhead can be increased to support large range of wake up signal duration with configuration flexibility.
In another point of view, we can consider the relationship between the wake up signal and its corresponding paging NPDCCH. If wake up signal is enabled, UE with wake up signal capability should monitor both wake up signal and paging NPDCCH. If the configured wake up signal duration cannot meet the target coverage level for the paging NPDCCH, some UE could not achieve the paging message and paging reliability would be affected. Meanwhile, resource overhead would be wasted if the wake up signal duration is configured to support larger coverage level than the paging NPDCCH. Thus, it makes sense that the wake up signal duration should be configured to support similar MCL target as paging NPDCCH. 
To enhance the configuration flexibility of the wake up signal with reduced system overhead, it would be beneficial determining the wake up signal duration depending on the duration of the paging NPDCCH. For example, the wake up signal duration can be determined by scaling Rmax value for paging NPDCCH and the scaling factor can be configured by the network by SIB signaling. In other way, wake up signal duration can be selected directly from multiple pre-defined lists. In this case, UE can select appropriate list depending on Rmax for paging NPDCCH, and exact value of the wake up signal duration can be configured by parameter in SIB signaling. In both examples, wake up signal can guarantee similar MCL target as paging NPDCCH and the network can have flexibility of configuration with reduced system overhead. 
Proposal 2: UE can determine its wake up signal duration based on Rmax for paging NPDCCH and parameter in SIB signaling. 
2.3. Wake up signal window and actual transmission duration

In the last meeting, there was some discussion on actual transmission duration of the wake up signal. Key feature of the actual transmission duration is to control wake up signal duration in UE specific manner. In this method, maximum duration of the wake up signal can be configured in carrier specific manner, while actual duration of wake up signal could be adjusted if coverage levels of some UEs are guaranteed. For example, last reported UE coverage level which is served by MME could be used to determine the actual transmission duration for specific UE. If the feature of the actual transmission duration is adopted, eNB can save the resource overhead due to the wake up signal. 
However, actual transmission duration may cause negative influence on paging performance. For example, coverage level of mobile UE could be worse than last reported coverage level. If the UE expect its wake up signal duration based on its last reported coverage level, it may lead to higher miss detection rate. Consequently, paging reliability and latency could be worse and it is not desirable in paging procedure. Moreover, overriding target of wake up signal is saving power consumption of the UE. Although actual transmission duration could have benefits in terms of network overhead, power saving efficiency should be prioritized more.
Moreover, improper setting or misalignment between eNB and UE on the actual transmission duration will cause negative impact to the UE power saving or paging detection performance. Even though several methods (e.g., RRC configuration, referring to Rmax in connected mode or idle mode, timer-based adjustment, limited actual transmission granularity, etc.) may be considered to solve this potential problem, it is questionable if the benefits of flexible transmission duration on top of the configured duration overwhelms such a complexity.
2.4. PTW in eDRX case
According to the agreement in a previous meeting, relationship between the wake up signal and PO(s) in a PTW for eDRX case could be further considered. In RAN1 point of view, scheduling flexibility and power saving gain should be considered carefully according to this issue. Moreover, feasibility of this wake up signal applying to multiple PO(s) in a PTW should be considered carefully as described in the agreement in a previous meeting. Regarding to this issue, major intention of the PTW configuration should be considered first; reducing missing probability and latency of paging. 
According to this issue, we can consider the case that one wake up signal occasion is configured for PO(s) in a PTW. In this approach, eNB can transmit wake up signal only once per a PTW, hence the overhead for the wake up signal can be reduced in eNB perspective. Also, if a UE succeeds in detection of the wake up signal can monitor multiple PO(s) without additional power consumption due to the wake up signal. However, if UE fails to detect the wake up signal then UE cannot monitor any PO(s). This may increase the missing probability and latency of paging, hence this approach contradict purpose of PTW configuration. Also it may not be guaranteed that network will always make paging decision before a PTW and eNB always has enough time to decide to page a UE within a PTW before that PTW.
Proposal 3: Wake up signal occasions are configured for every POs in a PTW respectively for eDRX case. 

2.5. 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 occurs at the wake up signal occasion. This method is just following legacy NB-IoT procedure. Thus, UE can monitor PO without additional overhead or delay. 
Proposal 4: To handle the collision between wake up signal and other legacy signals/channels, UE assumes that paging DCI can be transmitted without corresponding wake up signal when the wake up signal collide with other legacy signals/channels.

2.6. Enable or disable use of wake up signal

According to the agreement in the last meeting, eNB can enable or disable use of wake up signal. Simply, wake up signal enabling or disabling could be configured with cell specific parameter. However, benefit from the wake up signal could be different among different NB-IoT carriers and some carriers may not suitable to support wake up signal in some cases. For example, some NB-IoT carriers cannot afford to transmit wake up signal without scheduling restriction due to the resource overhead from other signals or channels. Specifically, anchor carrier should convey NPSS/NSSS/NPBCH/NB-SIB1 periodically. Also, search spaces for paging and RACH of Rel-13 NB-IoT UEs should be configured on anchor carrier. Moreover, channel condition due to the different power boosting level and interference from other cell could impact on the detection performance of the wake up signal. In this point of view, allowing enable or disable use of wake up signal per carrier may have benefits. Simply, designated higher layer signaling could be configured per carrier. Alternatively, one value from the list of wake up signal duration could be used to indicate disabling use of wake up signal. 
Proposal 5: The network can enable or disable use of wake up signal per NB-IoT carrier.

To reduce the resource overhead for the wake up signal, disabling of wake up signal in UE specific manner could be considered also. More specifically, disabling use of wake up signal for UEs in particular cover level could be considered. For example, UEs in extreme coverage level may require long wake up signal duration which may induce large amount of network overhead and degrade power consumption efficiency of UEs in normal coverage level. In this case, eNB can configure affordable wake up signal duration and restrict UEs in large coverage level to use of wake up signal. In another point of view, it could be considered that not using wake up signal for UEs in good coverage level. As we discussed in previous meetings, power consumption efficiency from wake up signal may be very small when UE locate on good coverage level. Thus it could be more beneficial not to support wake up signal for UEs in good coverage level in terms of resource overhead efficiency. However, as we mentioned in section 2.2, UE mobility should be considered carefully. Also, disabling of wake up signal may restrict the power saving efficiency of UE, which is not desired in power saving purpose. 
3. Conclusion
In this contribution, we discuss and provide our view on the wake up signal configurations and procedures for NB-IoT. The proposals of this contribution are summarized as follows.
Proposal 1: Ending subframe of monitoring wake up signal is located on k0 NB-IoT DL subframe(s) before subsequent PO.

Proposal 2: UE can determine its wake up signal duration based on Rmax for paging DCI and parameter in SIB signaling. 

Proposal 3: Wake up signal occasions are configured for every POs in a PTW respectively for eDRX case. 

Proposal 4: To handle the collision between wake up signal and other legacy signals/channels, UE assumes that paging DCI can be transmitted without corresponding wake up signal when the wake up signal collide with other legacy signals/channels.

Proposal 5: The network can enable or disable use of wake up signal per NB-IoT carrier.
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