
3GPP TSG RAN WG1 Meeting #92bis

R1-1803996
Sanya, China, April 16th – April 20th, 2018

Source:
OPPO
Title:
On wake-up signal design
Agenda Item:
6.2.7.1.1.3
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
Furthermore, the following have been agreed during RAN1#91 meeting:

Agreement:

· WUS sequence is based on ZC-sequence

· When designing WUS sequence, negative impact on legacy NSSS detection should be avoided.
Working assumption
· WUS sequence is a sequence mapping within one subframe as a basic unit and repeated/extended for multiple subframes to support larger coverage.

· Prioritizie to minimize impact on UE synchronization performance.
· FFS: detailed design on time-varying of the WUS signal

The following have been agreed during RAN1#92 meeting:
Agreement
Confirm the working assumption that the WUS sequence is a sequence mapping within one subframe as a basic unit and repeated/extended for multiple subframes to support larger coverage.
Agreement
· WUS conveys the cell ID;
· FFS: UE group ID
· FFS how/whether to handle the case of false alarm resulting from detecting WUS corresponding to different POs/UE groups (if introduced)
Working assumption
on 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 give our consideration on the design of wake-up signal for idle mode paging. 
2. Discussion  
In order to support time and frequency synchronization to one cell and reduce the effect of inter-cell interference of the WUS from different cells , it has been agreed in RAN1#90bis meeting that WUS signal is at least cell-specific and futher agreed in RAN1#92 meeting that WUS conveys the cell ID. But it is still one remaining issue on whether the WUS convey the UE-group ID. If WUS doesn’t carry the UE-group ID, there would be false alert issue of WUS. In one paging occasion, once there is one UE is paged within one paging tracking area,  WUS needs to be send prior to the paging occasion, then all the other UEs sharing the same paging occasion would be waken up.This would decrease the power consumption saving of the WUS.  Therefore,  we propose the wake-up signal shall carry the paging group ID.

Proposal 1: WUS  shall convery the paging group ID.

The second issue is the support of the time and frequency synchronization functionality of the WUS. In our view, we propose to confirm the working assumption that WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles. This is necessary to get effctive power consumption of the wake up mechanism by avoiding the time and frequency synchronization operation based on legacy NPSS/NSSS and NRS before each paging DRX cycle by the UE. On the other hand, this require that WUS support time and frequency synchronization. For the parameter N, we propose N depends on the DRX cycle. For several small DRX cycle, the UE may has the capacity of maintaining time and frequency synchronization to the network. In this case, the value of N can be large. On the other hand, for large DRX cycles, the UE may lose time and frequency synchronization to the network. In this case, the value of N can be small.  Also, the value of N may depends on the UE’s capability. For UEs with stable oscillator, they can maintain time and frequency synchronization for relative longer time, then large value of N can be used.
Proposal 2: It is  proposed to confirm the working assumption that WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles.

· N depends on DRX cycle and UE’s capability.

For WUS coverage enhancement, it has been agreed that WUS sequence is a sequence mapping within one subframe as a basic unit and repeated/extended for multiple subframes to support larger coverage. For lager coverage case, direct repetition of WUS may result in time ambiguity for the UE when the UE needs to get the timing information based on WUS.So, it is proposed that WUS shall be time varying on the basis of the basic unit mapping within one subframe.
Proposal 3: It is  proposed WUS shall be time varying on the basis of the basic unit mapping within one subframe.
To carry the cell ID, it is straightforward that the synchronization signal such as NBPSS/NBSSS is reused as the design basis. Note that both NBPSS/NBSSS are ZC sequence s which can fulfill the requirements in RAN1#91 meeting. 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(cover code)
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 4: NB-PSS/NB-SSS and an additional sequence or NB-PSS/NB-SSS srambled with an additional sequence(cover code) 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:

Proposal 1: WUS  shall convery the paging group ID.
Proposal 2: It is  proposed to confirm the working assumption that WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles.

· N depends on DRX cycle and UE’s capability.

Proposal 3: It is  proposed WUS shall be time varying on the basis of the basic unit mapping within one subframe.
Proposal 4: NB-PSS/NB-SSS and an additional sequence or NB-PSS/NB-SSS srambled with an additional sequence(cover code) 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
