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Introduction
In RAN1#89bis, the following agreements were made on NB-IoT Wake Up Signal (WUS) functions 
Agreement
· 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

Agreement
· 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

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, which is endorsed and approved in R1-1719207)

It is FFS whether the UE needs to acquire (further) synchronization using NPSS/NSSS to decode the NPDCCH following the WUS. 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.
This contribution aims to further discuss need for pre-synchronization of UE for the WUS in idle paging and need for further synchronization following WUS detection to decode the NPDCCH.

Pre-synchronization of UE for WUS
TS 36.300 specifies that when extended DRX (eDRX) is used in idle mode, the following is applicable:
-	The DRX cycle is extended up to and beyond 10.24s in idle mode, with a maximum value of 2621.44 seconds (43.69 minutes); For NB-IoT, the maximum value of the DRX cycle is 10485.76 seconds (2.91 hours);
The time drift and frequency drift due to the crystal accuracy used for the oscillator in device clock can be very large if idle device is asleep and does not maintain synchronization during sleep. This can be up to several 10 ms or 100 ms and several 10 kHz in typical implementation. It is much larger than that experienced by connected device with eDRX cycle of 10.24s. 
Figure 1 illustrates the pre-synchronization and WUS detection operations. In a typical device implementation there is no synchronization during sleep to save power consumption. The device only does pre-synchronization before starting NPDCCH monitoring. In idle device with very large time drift and frequency drift experience, synchronization can be assumed to be lost. Full synchronization by searching legacy NPSS and NSSS to re-acquire synchronization timing and frequency parameters will be needed. The processing in device is similar to that in initial cell search with one difference being that the cell ID is assumed to be known. This allows faster processing as both the legacy NPSS and NSSS configurations are known and, hence, easier to detect. In case cell ID has changed since device was last awake, a typical implementation can 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 make the following observations
[bookmark: _Ref481671177]Observation 1:  The idle device waking up from long eDRX cycle to check paging can be assumed to have lost synchronization in a typical implementation and need to fully synchronize to estimate and correct timing and frequency offset. 
Observation 2: It is up to device implementation to use legacy NPSS and NSSS to fully synchronize with the assumption that the cell ID is known. Cell reselection is triggered if device is not in the same cell.

RAN1 made agreement that long Zaddoff Chu (ZC) sequence based signal is considered as the starting point for WUS signal. ZC sequences have very good auto-correlation and cross-correlation properties that make them well suited for detection with large time and frequency offset. The requirements for pre-synchronization using legacy NPSS and NSSS can be relaxed as it is only necessary to confirm device is in same cell and not necessary to achieve synchronization with relatively much smaller residual time and frequency offset for NPDCCH detection – i.e. typically in the order of a sample and 100 Hz. How much the pre-synchronization requirements using legacy NPSS and NSSS can be relaxed for detection of WUS depends on the WUS design. 
It is not desirable for idle device waking up from long eDRX cycle to check paging to proceed to WUS detection immediately without a pre-synchronizaton stage using legacy NPSS and NSSS. This complicates unnecessarily the requirements for WUS design – i.e. confirm cell ID, estimate and correct very large time and frequency offset, wake up a UE / group of UE to receive paging. It is also likely to significantly incur larger WUS overhead. 
Observation 3: To avoid complicating unnecessarily the requirements for WUS design and incurring a larger WUS overhead, it is not desirable for idle device waking up from long eDRX cycle to proceed to WUS detection immediately without a pre-synchronizaton stage using legacy NPSS and NSSS.  

Proposal 1: Pre-synchronization using legacy NPSS and NSSS is assumed to confirm device is in same cell and allows rough estimation and correction of timing and frequency offset for WUS detection.   

Synchronization of UE following WUS
In legacy procedures, the paging message can include up to 16 paging records [1]. Further, the NPDCCH during paging occasion may be repeated up to 2048 times depending on coverage class.  It is FFS in RAN1 if 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. There may be one WUS for a dedicated UE, or one WUS for a group of UEs, or several dedicated or group WUS before a paging occasion. In addition, depending on coverage class each WUS may need to be repeated many times. Following a WUS detection by a device, there may be a large duration of time spanning several 10 ms or 100 ms before the corresponding paging occasion. The device will need to maintain synchronization or re-acquire synchronization using legacy NPSS/NSSS/NRS if going to sleep after WUS detection and waking up again to detect NPDCCH in corresponding paging occasion. The device may also need to do fine synchronization after detecting WUS using legacy NRS. 
Observation 4: Following a WUS detection by a device, there may be a large duration of time spanning several 10 ms or 100 ms before the corresponding paging occasion depending on WUS configuration and coverage class.
Proposal 2: Following WUS detection, fine synchronization and maintaining / re-acquiring synchronization using legacy NPSS/NSSS/NRS is up to device implementation.   

Conclusion
In this contribution, we further discuss need for pre-synchronization of UE for the WUS in idle paging and need for further synchronization following WUS detection to decode the NPDCCH. The following observations and proposals were made.
Observation 1:  The idle device waking up from long eDRX cycle to check paging can be assumed to have lost synchronization in a typical implementation and need to fully synchronize to estimate and correct timing and frequency offset. 
Observation 2: It is up to device implementation to use legacy NPSS and NSSS to fully synchronize with the assumption that the cell ID is known. Cell reselection is triggered if device is not in the same cell.
Observation 3: To avoid complicating unnecessarily the requirements for WUS design and incurring a larger WUS overhead, it is not desirable for idle device waking up from long eDRX cycle to proceed to WUS detection immediately without a pre-synchronizaton stage using legacy NPSS and NSSS.  
Proposal 1: Pre-synchronization using legacy NPSS and NSSS is assumed to confirm device is in same cell and allows rough estimation and correction of timing and frequency offset for WUS detection.   
Observation 4: Following a WUS detection by a device, there may be a large duration of time spanning several 10 ms or 100 ms before the corresponding paging occasion depending on WUS configuration and coverage class.
Proposal 2: Following WUS detection, fine synchronization and maintaining / re-acquiring synchronization using legacy NPSS/NSSS/NRS is up to device implementation.   
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