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Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN #80 meeting, new WID RP-181451 on Rel 16 enhancements for NB-IoT was agreed as working agreement [1]. One of the objectives is to improve DL transmission efficiency and/or UE power consumption.
Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]
· [bookmark: _Hlk515907437]Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]
In this contribution, we discuss the UE-group wake-up signal for NB-IoT.
Discussion on UE-group wake-up signal 
In Rel-15, Wake-Up signal (WUS) is introduced. By detection of WUS, the UE can find out if there’s a need to go ahead for NPDCCH, therefore reduce the number of unnecessary NPDCCH detection. In Rel-15, the WUS signal is PO specific. The eNB will send out WUS if any UE associated with the PO is paged, therefore all these UE will have to conduct NPDCCH detection regardless the existence of paging. This will significantly reduce the effectiveness of UE power consumption reduction. In order to further reduce UE power consumption, the most straightforward design is that UEs for the same PO are grouped, with each group corresponds to one wake-up signal. The intention is to reduce the number of unnecessary detection times for NPDCCH. Ideally, the UEs which will be paged together should be assigned to one group on the paging instant, and the UEs which will not be paged should be assigned together, since this will achieve the best result of power consumption reduction. However, this is very difficult to achieve, if not impossible. Also, in the scenario of SI update information, UE-group WUS will increase overhead instead of reducing UE power consumption, compare with no WUS subgrouping.
Observation 1: For SI update information and grouping method, special consideration is needed for UE-group WUS. 
For UE-group WUS, grouping can be achieved via code division and/or time division. One example is shown as Figure 1 wherein UEs on PO are divided into two groups.


(a) CDM between different groups
      


(b) TDM betweent different groups
Figure 1 Illustration of UE-group WUS
For CDM, more codes are used to differentiate different groups, in order to meet the same detection requirement, the length the of WUS sequence has to be increased and corresponding the UE power consumption will increase. Considering the impact of code multiplexing to detection performance, more evaluations of detailed code multiplexing mechanism is needed.  Also, based on previous agreement, WUS actual transmission duration can be shorter than the configured maximum duration of WUS. If the actual duration of WUS corresponding to each sub-group is different, the cross correlation property of different WUS between different sub-group cannot be guaranteed. In addition, more codes will also increase inter-cell interference. 
For TDM, more time resource are used to differentiate different groups, the overhead with reduce the overall system efficiency. Note with the increase of system overhead, more collision between WUS and other DL signal will increase. Besides TDM and CDM,  combination like CDM+TDM can also be considered to reduce resource overhead.
For UE-group WUS, the number of groups should also be considered. One simple approach is the number of group is configured by higher layer signaling. As shown in figure 1, there will be two WUS before the PO because two groups are configured. However, for the scenario where all UEs need to be waked up, for example SI information update, only one WUS can wake up all the UE associated with the PO. Since two groups are configured, 2 WUS signal need to be sent and this will increase the resource overhead. 
Another issue is the maximum number of groups. With larger group number, fewer UEs are inside each group, this will reduce unnecessary wake up. However, more group number will require more resources. 
Proposal 1: For UE-group WUS, the number of groups, the maximum number of groups and the relationships between groups should be considered.

Conclusions
In this contribution, we have discussed the UE-group WUS for NB-IoT. We make the following observation and proposal:
Observation 1: For SI update information and grouping method, special consideration is needed for UE-group WUS. 
Proposal 1: For UE-group WUS, the number of groups, the maximum number of groups and the relationships between groups should be considered.
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