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1. Introduction

In previous RAN1 meetings, working assumption and agreements were made as follows [1]:

	RAN1#90bis Working assumptions:

· WUS/DTX is adopted for the power saving signal for IDLE mode paging
· 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)

RAN1#90bis agreements:
· The network can enable or disable use of the WUS 
· How UE acquires information on WUS enabling/disabling is up to RAN2 decision
· WUS sequence is based on ZC-sequence
· When designing WUS sequence, negative impact on legacy NSSS detection should be avoided.
RAN1#92 agreements:
· The maximum duration of WUS is configured in SIB per NB-IoT carrier as one value from a list. 
· WUS actual transmission duration can be shorter than the configured maximum duration of WUS.
· The list used for configuring maximum duration of WUS at least depends on Rmax associated type 1 CSS, and FFS the number and exact values of the scaling factors between maximum duration of WUS and Rmax associated type 1 CSS
· 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
· The maximum duration of WUS is configured in SIB per NB-IoT carrier as one value from a list. FFS if the list:

· depends on Rmax and if so the number of lists specified

· is a single list for all Rmax

Note: the Rmax refers to the one configured for paging

· The non-zero gap from the end of the configured maximum WUS duration to the associated PO is configurable

· FFS the minimum duration

· FFS the configuration is explicit or implicitly derived

· In eDRX, from the UE perspective, the default UE configuration is a one-to-one mapping between WUS and PO.

· In eDRX, from the UE perspective, an optional UE configuration is a 1-to-N mapping between WUS and PO.

Note: The WUS design and configuration for eDRX must allow the network to reach a UE within a PTW.

· Confirm the working assumption that the WUS sequence is a sequence mapping within one subframe as a basic unit and repeated/extended for multiple subframes to support larger coverage.

· WUS conveys the cell ID;
· FFS: UE group ID
· FFS how/whether to handle the case of false alarm resulting from detecting WUS corresponding to different POs/UE groups (if introduced)
RAN1#92 Working assumptions, confirmation depending on RAN4 feedback:

on NB-IoT WUS:

· For UE operating WUS, UE is allowed to relax RRM measurements, at least for low mobility UEs, to once every N DRX cycles, where N is FFS

· The RRM measurement relaxation is enabled/disabled by the network.

· WUS can still be enabled by the network when the RRM measurement relaxation is disabled.

· Note: This does not imply any change in the random access procedure / power control / CE level selection, nor relaxations in the requirements related to the random access procedure.

· WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles

· FFS for eDRX case

· FFS whether N depends on the length of PTW.

· For 164dB MCL, there is a WUS configuration that enables sync for at least a value of N>1 for at least the smallest DRX cycle.

· FFS for other DRX cycles and values of N

· FFS whether N is fixed, configurable, or depends on the DRX cycle

RAN1#92 Working assumptions:

· WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.

Note: the above applies to at least the case where the gap is large enough for scheduling UE

Note: the above does not imply that subgroup of UEs is introduced and that subgroup is TDM


In this contribution, we discuss and provide our view on the wake up signal configurations and procedures for NB-IoT.
2. Discussions
2.1. UE Sub-grouping 

According to the current specification, PO (paging occasion) of the UE is determined based on its UE ID and some configured parameters. In this method, group of UEs can share same PO. Thus some UEs might waste the power due to the other UE paging. Likewise, if the wake up signal has a time location with respect to the associated PO, it can be expected that group of UEs which share same PO can share same wake up signal location. To prevent unnecessary power consumption due to the other UE paging, UE sub-grouping of the wake up signal can be considered. For example, different sequences can be used in a wake up signal occasion to convey UE sub-group information.

On the other hand, multiple UEs which share same wake up signal occasion need to be wake up at once in some cases. For example, paging DCI can be used to inform the system information update message and every UE within a PO should be waked up. In this point of view, common wake up sequence could be used in addition to the UE sub-group specific wake up sequence. In this case, UE may require detecting more than one sequence candidates within the wake up signal window.

As we described in our companion paper, NSSS like sequence design can be considered for the wake up signal. In NB-IoT, NSSS sequence is used to convey cell ID information using 126 root indices of ZC sequence and 4 binary orthogonal sequences. Also, cyclic shift values for the NSSS sequence can convey more information in current NSSS design. Thus, it can be seen that wake up signal can be design to convey UE sub-group information on top of the cell ID information when reusing NSSS sequence design criteria. Detail design of NSSS like wake up signal is discussed in our companion paper [2].
Observation 1: If sub-grouping is introduced, at least sub-group common indication should be supported.
2.2. 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
2.3. Configuration of wake up signal duration

Configuration of maximum duration

In the last meeting, it was agreed that maximum duration of wake up signal can be configured per NB-IoT carrier using a list of scaling factors and it depends on Rmax associated type 1 CSS. 
As we discussed in previous meetings, achieving synchronization using the wake up signal could be considered if the maximum duration of wake up signal is long enough to support it. If it is possible to monitor wake up signal without achieving prior synchronization, power saving efficiency of the UE can be enhanced. However it may not be feasible to configure long enough duration for wake up signal without prior synchronization due to the overhead. In general, different NB-IoT carrier may have different DL overhead. Especially, anchor carrier has to convey synchronization signals and system information blocks. Also, paging load among the NB-IoT carriers could be different. In this point of view, it would be advantageous to configure scaling factor independently for each NB-IoT carriers.
Proposal 2: Scaling factor for maximum duration of wake up signal is configured per NB-IoT carrier.

Configuration of actual transmission duration
According to the wake up signal duration, it was agreed that maximum duration could be configured in SIB per NB-IoT carrier as one value from a list. Also, actual transmission duration of wake up signal can be shorter than the configured maximum duration. In general, actual duration can help to reduce network overhead due to the wake up signal; the network can handle duration of wake up signal transmission within the maximum duration based on the UE coverage level. 
From UE perspective, it does not need to know actual transmission duration if wake up signal transmission is aligned to the start of the configured maximum duration. UE can start blind detection of wake up signal from the starting subframe, and can stop monitoring when it detects wake up signal within a wake up signal window. In this case, network can decide actual transmission duration and it is beneficial in terms of overhead control. Likewise paging NPDCCH transmission, it can start wake up signal transmission with small repetition number, and repetition number can be gradually increased at next attempts. 
However, large number of blind detection attempts could increase UE power consumption and complexity, and might degrade detection performance. For example, if actual transmission duration of the wake up signal can be fully flexible by subframe level, UE may need to try blind detection at every subframe within maximum duration window. Thus it would be beneficial from UE perspective to restrict actual transmission duration candidates. To restrict the actual transmission candidates while guaranteeing flexibility of wake up signal scheduling, basic transmission unit of wake up signal could be considered. Simply, a set of subframes (e.g. X subframes) could be considered as a basic transmission unit, and the actual transmission of wake up signal can be composed with repetition of the basic transmission unit.
Proposal 3: Restrict candidates of actual transmission duration of wake up signal.
· A set of subframes (e.g., X subframes) compose a basic transmission unit of wake up signal and actual transmission of wake up signal is composed with repetition of a basic transmission unit.
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Figure 2  Actual transmission duration candidates
2.4. PO without wake up signal
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. Also, unexpected traffic burst can be occurred sporadically, which make it difficult to transmit both wake up signal and paging message consecutively. 

To avoid impacts on legacy UEs, transmission of other signals and channels could take precedence over the wake up signal transmission. In a simple way, wake up signal can be delayed to the next wake up signal occasion. However, scheduling latency can be increased especially when long DRX cycle is used. Instead, allowing UE to monitor paging DCI directly without monitoring wake up signal may more beneficial. There are two possible methods as follows:
Alt.1) UE can monitor PO directly when collision occurs within the wake up signal duration
Alt.2) Configure WUS-less PO periodically that can be monitored without wake up signal
In case of the alternative 1, expected collision between wake up signal and other signals/channel could be handled. Also, latency of the paging message is not increased from legacy paging procedure. On the other hand, alternative 2 can handle unexpected scheduling restriction case. Also, network can predict latency and required overhead of upcoming POs, so it can handle scheduling to reduce the network overhead. To avoid latency increment and scheduling flexibility, both methods could be considered. 
Proposal 4: UE can assume that paging DCI can be transmitted without wake up signal 

· When collision occurs between wake up signal and other signal/channel within wake up signal duration
· At WUS-less PO which is configured periodically 

2.5. 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. 
Observation 2: Disabling wake up signal for the static UE in good coverage level would be beneficial in terms of resource overhead and power saving efficiency. 

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.
Observation 1: If sub-grouping is introduced, at least sub-group common indication should be supported.
Observation 2: Disabling wake up signal for the static UE in good coverage level would be beneficial in terms of resource overhead and power saving efficiency. 

Proposal 1: Ending subframe of monitoring wake up signal is located on k0 NB-IoT DL subframe(s) before subsequent PO.

Proposal 2: Scaling factor for maximum duration of wake up signal is configured per NB-IoT carrier.

Proposal 3: Restrict candidates of actual transmission duration of wake up signal.

· A set of subframes (e.g., X subframes) compose a basic transmission unit of wake up signal and actual transmission of wake up signal is composed with repetition of a basic transmission unit.

Proposal 4: UE can assume that paging DCI can be transmitted without wake up signal 

· When collision occurs between wake up signal and other signal/channel within wake up signal duration

· At WUS-less PO which is configured periodically 

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