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Introduction
In RAN1#89bis, tt was that whether the UE needs to acquire (further) synchronization using NPSS/NSSS to decode the NPDCCH following the WUS is FFS. WUS design will assume UE is synchronized prior to receiving WUS up to RAN#78 timeline, with assumption of UE not synchronized further discussed after RAN#78.the following agreements and working assumption were made on NB-IoT Wake Up Signal (WUS) design 

This contribution aims to discuss WUS functions.

Pre-synchronization aspects for WUS
Figure 1 illustrates the pre-synchronization and WUS detection operations. Legacy NPSS and NSSS can be used to do pre-synchronization and confirm device is in same cell for idle paging UE. In case cell ID has changed since device last awake, a typical implementation will determine device is not in the same cell during the NPSS and NSSS detection stage and cell re-selection will be triggered. 
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Figure 1. Pre-synchronization and WUS detection operations

We consider two cases for WUS detection
· Case 1 is for UE waking up with a Rel-13 eDRX cycle of up to 2.91 hours. The time drift assuming a typical implementation can lead to a timing offset in the order of 10 ms and a frequency offset of several kHz. Without pre-synchronization using legacy NPSS and NSSS, WUS detection window will need to be in the order of 10 ms. 
· Case 2 is for UE waking up with rel-8 DRX cycle of up to 2.56s.  The time drift assuming a typical implementation can lead to a timing offset in the order of 10 us and a frequency offset of several 100 Hz. WUS detection window will need to be in the order of 10 us. 

Without pre-synchronization using legacy NPSS and NSSS, WUS will need to be scheduled with 100s of repetitions to allow one-shot synchronization, cell ID confirmation, and reliable detection for both cases for UEs in extreme coverage with MCL=164 dB. It is more efficient to use legacy NPSS and NSSS for pre-synchronization, and schedule UE-specific WUS with relatively much smaller number of repetitions to allow reliable detection. It was shown in [1] that 32 repetitions at MCL=164 dB is sufficient to achieve less than 1% missed WUS detection probability assuming NB-IoT is pre-synchronized using NPSS and NSSS. Not using pre-synchronization will likely increase WUS resource overhead by an order of magnitude.
Observation 1: WUS without pre-synchronization using legacy NPSS and NSSS has high impact on resource efficiency.

Further, without pre-synchronization using legacy NPSS and NSSS the WUS detection window will need to be several 10s of  ms for Case 1, and several 10s of us for Case 2. The reduction in power consumption is not likely to be significant. A typical synchronization implementation will use a similar detection window for NPSS and NSSS. Though one-shot synchronization with NPSS and NSSS for UE in extreme coverage at MCL=164 is not possible the UE may rapidly converge to an approximate timing early based on first few NPSS and NSSS transmissions and centre the detection window on expected timing for further NPSS and NSSS transmissions to achieve synchronization target.  
[bookmark: _Ref481671177]Observation 2: The reduction in power consumption reduction is not likely to be significant without pre-synchronization using legacy NPSS and NSSS  before WUS detection.

Based on the observations above, we make the following proposal
Proposal 1: Pre-synchronization using legacy NPSS and NSSS is assumed to confirm device is in same cell and allow rough estimation and correction of timing and frequency offset for WUS detection.   

Cell Identity link with WUS



The legacy NRS is linked to the cell ID in the specifications, where the cell-specific frequency shift is given by . The legacy NSSS is also linked to cell ID in the specifications, where the binary sequence  and 
The NSSS and NRS can be used to confirm cell ID. It is up to the UE how it uses the NSSS and NRS for cell ID confirmation. If sufficiently synchronized, a typical implementation may only use NRS for ell ID confirmation to save power consumption.
Assuming the WUS design is linked to the cell ID, it is up to UE how it uses the NSSS, NRS, and WUS for cell ID confirmation. It is not clear if the benefit of only using WUS to confirm cell ID will have significant impact on power consumption reduction. Cell ID confirmation only based on WUS if only possible when WUS is transmitted by the eNB  and detected at the UE. In case WUS is not detected, the UE will need to confirm cell ID to check it is still in the same cell. Assuming a paging rate of 10%, the WUS will be transmitted only 10% of the time. The UE will need to confirm cell ID at least using NRS for 90% of the time. 
Observation 3: Assuming the WUS design is linked to the cell ID, it is up to UE how it uses the NSSS, NRS, and WUS for cell ID confirmation. 
Observation 4: Assuming paging rate of 10%, the impact of the WUS design linked to the cell ID can be marginal with UE needing to use at least NRS for cell ID confirmation 90% of the time.

WUS design linked to cell ID should be shown at least (i) not to add to WUS overhead; (ii) not complicate WUS configuration; (iii) not increase inter-cell interference for WUS. 
Proposal 2: WUS design linked to cell ID is FFS.



Conclusion
In this contribution, we discussed function n aspects for the WUS.
Observation 1: WUS without pre-synchronization using legacy NPSS and NSSS has high impact on resource efficiency.
[bookmark: _GoBack]Observation 2: The reduction in power consumption reduction is not likely to be significant without pre-synchronization using legacy NPSS and NSSS before WUS detection.
Proposal 1: Pre-synchronization using legacy NPSS and NSSS is assumed to confirm device is in same cell and allow rough estimation and correction of timing and frequency offset for WUS detection.   
Observation 3: Assuming the WUS design is linked to the cell ID, it is up to UE how it uses the NSSS, NRS, and WUS for cell ID confirmation. 
Observation 4: Assuming paging rate of 10%, the impact of the WUS design linked to the cell ID can be marginal with UE needing to use at least NRS for cell ID confirmation 90% of the time.
Proposal 2: WUS design linked to cell ID is FFS.
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