
3GPP TSG RAN WG1 Meeting 91 

R1-1719999
Reno, USA, November 27th – December 1st, 2017
Source:
OPPO
Title:
On wake-up signal design
Agenda Item:
6.2.6.1.1.3
Document for:
Discussion and Decision

1. Introduction

During RAN1#90bis meeting, the following agreements were reached on the DL power consumption reduction technique for feNBIoT.
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 give our initial consideration on the design of wake-up signal for idle mode paging. This contribution is revision of R1-1718064.
2. Discussion  
In our companion contribution[1], we discussed the design requirement and the functionality of the wake-up signal. We propose that the wake-up signal shall be designed with  design requirements such as low detection complexity, coverage enhancement support, compatible design among MTC/NB-IoT, sufficient timing between the wake-up signal and the start time of the DRX cycle. Then we propose that the wake-up signal shall have the functionalities such as support  UE-group based wake up for paging, AGC adjustment and Time and frequency synchronization.

In order to support time and frequency synchronization to one cell, it has been agreed in RAN1#90bis meeting that WUS signal is at least cell-specific. Therefore, it is necessary for the WUS to carry the cell ID. Furthermore, in order to support UE-group based wake up for idle mode paging, the wake-up signal shall carry the paging group ID.

Observation 1: it is necessary for the WUS to carry the cell ID and the paging group ID.

To carry the cell ID, it is straightforward that the synchronization signal such as NBPSS/NBSSS is reused as the design basis.To carry the UE-group ID, it can be considered to use one sequence among an orthogonal sequence set to associate with one UE-group. Different UE-groups can be associated with different orthogonal sequences. Another possible method may be that using a scrambling sequence associated with one UE-group to scaramble the NBPSS/NBSSS sequence. 

Therefore, based on the above discussion, there may be the following design candidates that can be considered as wake-up signal for idle mode paging:
Candidate 1: NB-SSS and one additional sequence

Candidate 2: NB-PSS/NB-SSS and one additional sequence

Candidate 3: NB-SSS scrambled with one additional sequence

Candidate 4: NB-PSS/NB-SSS scrambled with one additional sequence

Among the above candidates, candidate 1 and candidate 3 can be used for the case the synchronization level to the cell is maintained at a good level, e.g., within the CP so that NB-SSS searching effort would not be large. For idle mode paging for NB-IoT, the paging cycle would be at least 1280ms, therefore the NB-IoT UE may lose synchroniztion to the network therefore candidate 1 and candidate 3 may not be appropriate. 
For  candidate 2 and candidate 4, the UE can use NBPSS/NBSSS to get time and frequency synchronization to the cell even if the UE has lose time and frequency synchronization to the network. By reusing NB-PSS/NB-SSS, the current cell searching module can be reused thus the effect on the UE implementation can be minor. Note that the PCI is known to the UE thus the searching effort for the wake-up signal is much smaller than that of initial access. In order to avoid the effect on the normal UE’s initial cell searching, if candidate 2 is adopted,  NB-PSS with different root sequence shall be used by the NB-PSS in the wake-up signal. 
Based on the above discussion, we propose that NB-PSS/NB-SSS and one additional sequence or NB-PSS/NB-SSS scrambled with an additional sequence are adopted as the wake-up signal for NB-IoT idle mode paging.

Proposal 1: NB-PSS/NB-SSS and an additional sequence or NB-PSS/NB-SSS srambled with an additional sequence are used as the wake-up signal for NB-IoT idle mode paging.
· One  additional sequence is associated with one paging UE-group

· NB-PSS with different root sequence shall be used by the wake-up NB-PSS
3. Conclusions
In this contribution, we discussd design of wake-up signal for idle mode paging. Based on the discussons,we have following  observation and proposal:

Observation 1: it is necessary for the WUS to carry the cell ID and the paging group ID.

Proposal 1: NB-PSS/NB-SSS and an additional sequence or NB-PSS/NB-SSS srambled with an additional sequence are used as the wake-up signal for NB-IoT idle mode paging.

· One  additional sequence is associated with one paging UE-group

· NB-PSS with different root sequence shall be used by the wake-up NB-PSS
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