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Discussion and Decision
1 Introduction

In RAN1 #92, the following working assumption was made with respect to the NB-IoT wake-up signal [1]:
Working assumption
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

In this contribution, we provide our views on the functions of the wake-up signal (WUS) for further enhanced NB-IoT and make some proposals.
2 Discussion
The legacy UE behavior when it is configured with DRX is as follows. The receiver wakes up from sleep once every DRX cycle and it must reacquire synchronization to be able to monitor the NPDCCH during the paging occasion (PO) if the DRX cycle is long enough to cause significant time and frequency drifts. The UE is also required to perform RRM measurements when it wakes up during each DRX cycle. The UE may need to perform timing and frequency offset correction to achieve adequate measurement accuracy.
From the agreement noted above, it is seen that a UE using the WUS for power saving may relax RRM measurements to once every N DRX cycles, where the value(s) of N is(are) yet to be specified. Such a UE may then wake up once every N DRX cycles for making RRM measurements. Thus, the UE needs to synchronize to correct time/frequency offsets resulting from sleeping for N DRX cycles to achieve adequate measurement accuracy. From the agreement noted above, the WUS provides this synchronization. Thus, the WUS is expected to provide both paging indication and synchronization. This also suggests that the WUS itself can be detected without prior synchronization.
With WUS/DTX operation, the WUS is transmitted to provide paging indication and there is no transmission (DTX) otherwise. For the UE to be able to rely on the WUS for synchronization every time it needs to make a measurement, therefore, the signal must be available. Otherwise, the UE would have to use legacy synchronization signals (NPSS/NSSS) most of the time since a UE is expected to receive a paging indication very rarely. The preceding discussion suggests that the WUS should be designed to provide not only paging indication but also synchronization every time the UE wakes up from sleep. In other words, the WUS independently provides the synchronization function.
Proposal 1: The WUS also provides time/frequency synchronization for a UE waking up from sleep.
When a UE is configured for eDRX, it wakes up from deep sleep before the paging time window (PTW), monitors the PO once every DRX cycle during the PTW, and goes to light sleep between POs. In legacy operation, the UE is required to also make RRM measurements once every DRX cycle during the PTW. If RRM measurement relaxation is also adopted for eDRX, the UE makes RRM measurements once every N DRX cycles. This approach would still work even if the number of POs in the PTW is not an integer multiple of N if the measurements are made in the first DRX cycles and subsequently every N DRX cycles. As discussed in our companion contribution [2], the value of N can be UE-specifically configured depending on the eDRX parameters. Thus, measurement relaxation can be configured to ensure adequate measurement frequency. In cases where measurement relaxation would not be feasible, it need not be enabled. The WUS can be designed to provide synchronization for time/frequency offsets resulting from sleeping for N DRX cycles even for a UE in eDRX.

Proposal 2: The value of N for relaxed RRM measurements is UE-specific and configured by the higher layer depending on eDRX parameters.

Proposal 3: For a UE in eDRX, the WUS provides synchronization of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles during the PTW.
3 Conclusions

In this contribution, we provide our views on the functions of the wake-up signal for further enhanced NB-IoT. The following observations and proposals are made.
Proposal 1: The WUS also provides time/frequency synchronization for a UE waking up from sleep.
Proposal 2: The value of N for relaxed RRM measurements is UE-specific and configured by the higher layer depending on eDRX parameters.

Proposal 3: For a UE in eDRX, the WUS provides synchronization of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles during the PTW.
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