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Discussion and Decision
1 Introduction

In RAN1 #92, the following agreement was made with respect to the study of techniques for power consumption reduction in idle mode paging [1]:

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)
The following agreements were also made in RAN1 #92bis [2]:
Agreement
· WUS can be time-varying from subframe to subframe.
· Besides information on cell ID, WUS signal is designed based on the following information: 
· UE group ID (if introduced)

· time information of the starting subframe of the WUS or PO (Paging Occasion)

· FFS: (part of) the SFN information

Agreement
WUS signal in a subframe is as follows,
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where LZC = 131 for inband mode (FFS for SA and GB modes)

· FFS RE-level cover codes/RE-level scrambling sequence c(m) using 
· Hadamard codes

· Gold sequences

· M sequences

· FFS phase shift

· FFS detailed design for time-varying 

· 11 symbols for inband mode and 14 symbols for SA and GB modes

· Strive toward as much as possible commonality between SA/GB and inband
In this contribution, we provide our views on the considerations for the design of the wake-up signal (WUS) for further enhanced NB-IoT and make some proposals.
2 Design considerations
In RAN1 #92bis it was agreed that time information relating to the starting subframe of the WUS or the paging occasion (PO) is provided in the WUS. The purpose of this is to distinguish between WUSs associated with different POs to avoid confusion at the UE. Such confusion may arise, for example, if the WUS associated with a PO overlaps with the WUS transmission duration for a later PO. It has already been agreed that the WUS will use a ZC sequence whose length depends on the NB-IoT deployment mode. The signal will span 11 symbols in the in-band mode and 14 symbols in the standalone and guard-band modes. Since the WUS also conveys the cell ID and the UE group ID (if support for grouping is introduced) according to other agreements, these IDs could be provided by the RE-level cover code or scrambling sequence through an appropriate choice of the initialization seed.

Proposal 1: The cell ID and the UE group ID (if introduced) are conveyed by the RE-level cover code or scrambling sequence.

In addition, the scrambling sequence can also be made a function of the starting time of the WUS or the PO. The start time of the WUS is obtained from the PO by advancing the time by an amount equal to the sum of the maximum WUS duration length and the configured gap between the end of the maximum WUS duration and the PO. However, it is to be noted that WUS is postponed at least in subframes that are not NB-IoT DL subframes and is not transmitted (it is FFS whether the WUS is dropped/postponed) in the subframes that carries SIs other than SIB1. Therefore, the WUS start time is further advanced to account for subframes in which the WUS cannot be transmitted, as illustrated in Figure 1. The occurrence of such subframes may advance the start time of the WUS associated with the earlier PO more than that of the WUS associated with the later PO (such subframes occurring in the overlapping WUS durations advance the start times of both WUSs equally). On the other hand, subframes that are not NB-IoT downlink subframes appearing in the gap do not have any effect on the start time of the WUS since it has been agreed that the configured gap is an absolute number of subframes. Therefore, the start times for the WUSs associated with different POs will be different, which means that the scrambling sequence initialization can incorporate the starting subframe of the WUS, which must anyway be determined. 
[image: image2.emf] 


Figure 1. Effect of postponement of WUS transmission on start time.
For UEs configured with long eDRX cycles, the timing drift when waking up from sleep may be on the order of multiple radio frames. Therefore, the timing uncertainty extends beyond the subframe within a radio frame. Therefore, if the WUS provides only the starting subframe within a radio frame, the UE may detect a WUS starting in the same subframe of a different radio frame. To resolve the SFN uncertainty, the UE would have to detect the NPBCH prior to WUS detection (but after synchronization using legacy signals), which would consume a lot of power. To avoid this, SFN information can also be incorporated into the scrambling sequence initialization.
Proposal 2: The SFN and the starting subframe of the WUS are conveyed by the RE-level cover code or scrambling sequence.

3 Conclusions

In this contribution, we provide our views on the considerations for the design of the wake-up signal for further enhanced NB-IoT. The following observations and conclusions are made.
Proposal 1: The cell ID and the UE group ID (if introduced) are conveyed by the RE-level cover code or scrambling sequence.
Proposal 2: The SFN and the starting subframe of the WUS are conveyed by the RE-level cover code or scrambling sequence.
4 References

[1] Final Report of 3GPP TSG RAN WG1 #92 v1.0.0.
[2] Draft Report of 3GPP TSG RAN WG1 #92bis v0.1.0.
