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Discussion and Decision
1 Introduction

In RAN1 #90bis, the following working assumption and agreement were made with respect to the study of techniques for power consumption reduction in idle mode paging [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

· Send LS to request RAN2 input on feasibility of UE groups for WUS. (Xiaolei, HiSilicon, prepare draft LS in R1-1719102)

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 

· Include in the LS to RAN2, to request input on the feasibility of WUS applying to more than one PO in a PTW for eDRX case 
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:

· FFS: whether the sequence can span over multiple subframes

· FFS: whether accumulated multiplication is applied between sub-sequences from the long ZC sequence to reduce the impact of frequency error;

· FFS: Support transmit diversity for NB-IoT WUS 

· FFS: NSSS like signal is used as the wake-up signal

In this contribution, we provide our views on the considerations for the design of the wake-up signal (WUS) for further enhanced NB-IoT and make some proposals.
2 Design considerations
In RAN1 #90bis, there was a working assumption to adopt WUS/DTX for the power saving signal for idle-mode paging. Our view is that this is the correct design approach.

Proposal 1: Support the working assumption to adopt WUS/DTX for the power saving signal for idle-mode paging.

As discussed in our companion contribution [2], the UE must perform RRM measurements once every DRX cycle when it wakes up from sleep in DRX or eDRX cycles. A legacy UE can use reference signals that it receives when it is monitoring paging to perform these measurements. Given the long sleep durations of an eDRX cycle, however, the potentially large drift of the oscillators during the sleep period can affect RRM measurement accuracy and cause NPDDCH decoding errors. Therefore, the UE may need to use legacy synchronization signals to correct these errors.
According to the agreement in RAN1 #90bis, the WUS may be decoded with or without prior synchronization. Furthermore, it is agreed that the WUS design is based on a long ZC sequence. Such a sequence may be detectable without prior synchronization, or at least with only partial synchronization, and the sequence can be used for timing and frequency error correction. In the case of DTX, however, the UE will not have the WUS for correction of timing and frequency errors. Although the UE is not required to monitor NPDCCH for paging, it is still required to perform RRM measurements. Therefore, following long sleep periods in eDRX, the UE would have to rely on legacy synchronization signals for correction of timing and frequency errors before RRM measurement. This means that UEs in cells where the paging rate is low will rely on legacy synchronization signals most of the time.
Observation 1: The WUS can assist in timing and frequency error correction.
Observation 2: UEs configured with long eDRX cycles may use signals other than WUS most of the time for timing and frequency error correction prior to RRM measurements.
For UEs requiring enhanced coverage, many repetitions of the WUS would be required for detection. Therefore, the WUS could span multiple subframes. This means that the repetitions of the WUS associated with one PO can overlap with the subframe that would be used for the WUS associated with a subsequent PO. Then a UE monitoring the WUS associated with the latter PO may receive the WUS associated with the former PO. This is illustrated in Figure 1. To page UE 1 in PO 1, a WUS is transmitted at the wake-up occasion (WO) 1. UE 2 monitors WO 2 associated with PO 2. It is seen that UE 2 also receives a part of the WUS, starting at WO 2, and will attempt to detect it. If it is successful in detecting the WUS, then UE 2 will also attempt to monitor the NPDCCH at PO 2.
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Figure 1. False detection of WUS associated with a different WO due to no distinction between sequences.
Thus, if there is no distinction between the WUS repetitions that are transmitted at two different WOs, a UE may falsely detect the WUS and erroneously determine that it needs to monitor NPDCCH at its own PO. This behavior is undesirable. If the WUS transmitted at each WO is different, however (e.g., it could be scrambled using a sequence that depends on the starting time of the WUS or the PO), then a UE will not be able to detect a WUS that corresponds to another WO. This is illustrated in Figure 2, where UEs monitoring different WOs expect to receive different WUSs and hence will not erroneously detect the WUS from another WO.
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Figure 2. Use of distinct signals for different WOs.
Proposal 2: To prevent false detection, the WUS is scrambled based on timing of WO or PO.  
If the receiver misses detecting the WUS, it will fail to monitor the NPDCCH. The UE will then not decode the NPDCCH when it is paged and hence misses the paging message, resulting in increased latency. Therefore, missed detection impacts the performance. To minimize the chance of this occurring, the probability of missed detection must be sufficiently small.

A false detection occurs if the wake-up receiver incorrectly determines that the wake-up signal has been transmitted when it is not actually transmitted. This may occur in low SINR conditions. When false detection occurs, the receiver unnecessarily monitors the NPDCCH. There is no impact on the receiver performance, but more power is consumed because the receiver is unnecessarily activated to perform the normal operations. Therefore, keeping the probability of false detection low helps with minimizing wastage of power.
Proposal 3: Consider probability of missed detection and probability of false detection in the design criteria for the WUS.

It has been agreed that the starting point for the design of the WUS is a long ZC sequence. It is also possible to consider a design in which the WUS sequence carries 1 or 2 bits of information. No CRC check would be required, however, since the WUS is a sequence. An example of the type of information that can be carried by the WUS is whether the UE should monitor the NPDCCH for paging DCI or it can directly skip to receiving the paging NPDSCH based on predetermined scheduling information. UE power consumption is not expected to be adversely affected by this approach.
3 Conclusions

In this contribution, we provide our views on the considerations for the design of the wake-up signal for further enhanced NB-IoT. The following observations and conclusions are made.
Observation 1: The WUS can assist in timing and frequency error correction.

Observation 2: UEs configured with long eDRX cycles may use signals other than WUS most of the time for timing and frequency error correction prior to RRM measurements.

Proposal 1: Support the working assumption to adopt WUS/DTX for the power saving signal for idle-mode paging.

Proposal 2: To prevent false detection, the WUS is scrambled based on timing of WO or PO.  

Proposal 3: Consider probability of missed detection and probability of false detection in the design criteria for the WUS.
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