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1. Introduction
In RAN#80 a new work item (WI) on Rel-16 enhancements for NB-IoT was agreed. One of the WI objectives is to improve DL transmission efficiency and/or UE power consumption [1]. In particular, specify support for UE-group wake-up signal (WUS). In this contribution, we express our views on the UE-group WUS for NB-IoT devices in Rel-16.

2. Configuration considerations
It’s proposed to enable/disable the UE-group WUS in a configuration provided by higher layer signaling. The cell-specific signaling (e.g., SIB1-NB or SIBx-NB with x>1) can be used for that purposes. The supported number of UE groups can be also configured by the higher layer signaling. In this case it can be the same or different as the number of UE groups for eMTC discussed in our companion contribution [2]. Considering the tradeoff between the UE power saving and the WUS multiplexing capability, it’s that the max number of UE groups is limited and equal to 2.

Proposal 1:
· The UE-group WUS is enabled by SIB1-NB or SIBx-NB (x>1).
· The number of UE groups is also configured by SIB.
· Max number of UE groups is 2.

3. Indication considerations
In this section, we would like to repeat our considerations on UE group indication for eMTC expressed in [2]. The indication of the groups can depend on one of the UE IDs. For NB-IoT devices, the IMSI is a good candidate to be used as the UE ID. Also it seems reasonable to support some common indication of WUS for all groups. This kind of common WUS can be used for SI updates and direct indication information.

Proposal 2:
· The indication of UE groups is based on the UE_IDs.
· A common WUS indication for all UE groups is supported.

4. Multiplexing considerations
In NB-IoT, the carrier bandwidth is equal to only one PRB. Therefore, it’s very hard to enable FDM of different UE groups’ WUS within the same NB-IoT carrier. In this case, the TDM is a viable solution for UE-group WUS multiplexing. Recall that in Rel-15, time domain resources for WUS is determined by the configurable maximum WUS duration and the configurable gap between the end of the maximum WUS duration to the start of the associated PO. For NB-IoT, the starting subframe of WUS transmission for a UE group can be the latest subframe such that there is a total of  NB-IoT DL subframes and subframes carrying SIB1-NB before the start of next WUS to be transmitted for another UE group associated to the same PO, and there are at least  subframes before the start of the associated PO, where  is the configured maximum WUS duration, and  is the configured gap between the end of maximum WUS duration to the start of associated PO for the UE. If it is the last WUS to be transmitted before the associated PO, the start of the WUS is the latest subframe such that there is a total of  NB-IoT DL subframes and subframes carrying SIB1-NB followed by  subframes before the start of the associated PO. In addition, the NB-IoT UE can assume there are at least 10 NB-IoT DL subframes between the end of WUS and first associated PO, as in Rel-15 design.
The multiplexing of WUS in time domain can be combined with CDM to increase the total number of supported UE groups. For example, two set of time resources can be configured for WUS of different UE groups associated to the same PO, and on top of it, 2 cyclic shifts can be used. With this method, WUS for two Rel-16 UE groups can be multiplexed via cyclic shifts in the first set of time domain resources, while the common WUS indication and WUS for Rel-15 UEs can be multiplexed in the 2nd set of time domain resources. For backward compatibility, the 2nd set of time domain resources are configured in the same way as in Rel-15 WUS time resource configuration, and cyclic shift of 0 is used for the WUS for Rel-15 UEs.
Note that with TDM, the gap between the WUS and the start of associated PO may be quite large, especially when the configured maximum WUS duration is large. This may impact the UE power saving gain. Thus, the TDM should be supported only when the maximum WUS duration is limited. Therefore, another useful option would be to consider multiple NB-IoT carriers for WUS multiplexing in the frequency domain. In this case, the NB-IoT DL carrier associated to the UE group can be configured by higher layer, e.g., as a part of the UE-group WUS configuration or chosen autonomously based on UE ID similar to the paging carrier.

Proposal 3:
· Support TDM and CDM to multiplex WUS for different UE groups.
· Support configuration of multiple NB-IoT DL carriers to multiplex WUS for different UE groups in the frequency domain.

5. Conclusions
In this contribution, we discussed considerations on UE-group WUS for NB-IoT devices in Rel-16. Our proposals are summarized as below:

Proposal 1:
· The UE-group WUS is enabled by SIB1-NB or SIBx-NB (x>1).
· The number of UE groups is also configured by SIB.
· Max number of UE groups is 2.
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Proposal 2:
· The indication of UE groups is based on the UE_IDs.
· A common WUS indication is supported.

Proposal 3:
· Support TDM and CDM to multiplex WUS for different UE groups.
· Support configuration of multiple NB-IoT DL carriers to multiplex WUS for different UE groups in the frequency domain.
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