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Discussion and decision
1 Introduction
In RAN1#94Bis meeting, there are following agreements on UE-group WUS for NB-IOT [1]: 
Agreement 

UE-group NWUS is supported based on eNB’s and UE’s capability.

Whether the network supports UE-group NWUS is done by higher layer signaling.

FFS: The number of UE groups is configured by SIB.

Note that the UE-group NWUS is UE optional
Agreement

From a RAN1, perspective, UE grouping is based on at least UE ID or some function of UE ID.
Agreement 

The legacy UE should not be prevented from using legacy WUS even in the case of Rel-16 group WUS is enabled

· Performance impact on legacy WUS should be carefully considered

Agreement

Group WUS is based on at least legacy WUS and UE-group ID.

Agreement

Configuration of group WUS is at least signaled in SI

Agreement

A Rel-16 group WUS capable UE shall also be capable of Rel-15 legacy WUS

Agreement

Rel-16 UE-groups WUS with same DRX/eDRX gap configuration are multiplexed with TDM and/or single sequence CDM

· FFS: Whether single sequence CDM can include legacy WUS

· FFS: Multiplexing between Rel-15 and Rel-16 UE groups

· Note: Single sequence CDM is where different sequences share the same resource and only one sequence is transmitted at a given time
In this contribution, support for UE-group WUS is discussed, including multiplexing scheme and configuration of UE-group WUS. 
2 Discussion

In Rel-15, WUS was introduced to reduce UE power consumption. WUS is transmitted before the associated PO if NPDCCH for paging is transmitted. WUS and its associated PO are in the same NB-IoT carrier same as transmitting paging message. Different from eMTC, WUS for NB-IoT occupied full PRB in a NB-IoT carrier. 

2.1 Multiplexing Scheme
In the last meeting, multiplexing scheme was agreed as TDM and/or single sequence CDM. For single sequence CDM, different sequences share the same resource and only one sequence is transmitted at a given time. If using single sequence CDM, one problem is how to wake up simultaneously more than one UE group. If the functionality is not supported, multiple UE groups can only be waked up in different POs. Thus, additional paging latency will be caused. To support the functionality, group-common WUS sequence is required, which is used to wake up more than one UE-group. Moreover, whether group-common WUS sequence is used to wake up all UE-groups or wake up different number larger than one UE-group, can be further discussed. For the former, only one group-common WUS sequence is required. For the later, multiple group-common WUS sequences are required. Assuming 4 UE-groups, a total of 10 group-common WUS sequences are required to support 2~4 UE groups with all combinations of UE-groups. To limit the total number of CDMed WUS sequences to guarantee robustness, the later should not be considered, and only one group-common WUS sequence is supported.
Proposal #1: Group-common WUS should be considered if single sequence CDM is used.

Multiplexing between Rel-15 WUS and Rel-16 UE-group WUS is one FFS, and another FFS is whether single sequence CDM can include legacy WUS. If single sequence CDM includes legacy WUS, there are some restrictions for wake-up mechanism. If Rel-16 UE-group WUS capable UE doesn’t monitor legacy WUS, Rel-16 UE-group WUS capable UE and Rel-15 WUS capable UE cannot be simultaneously waked up. Thus, paging latency will be caused. If Rel-16 UE-group WUS capable UE need monitor legacy WUS, legacy WUS can take the role of above group-common WUS to wake up all UE-groups. Thus, false alarm of waking up Rel-16 UE-group WUS capable UE may happen if one Rel-15 WUS capable UE is paged. If the number of Rel-15 WUS capable UEs is not small in the practical network, UE power consumption improvement of Rel-16 UE-group WUS capable UE is very limited. Considering above restriction, single sequence CDM should not include legacy WUS, and TDM is preferred for multiplexing Rel-16 UE-group WUS and Rel-15 WUS.
Proposal #2: TDM is preferred for multiplexing between Rel-16 UE-group WUS and Rel-15 WUS.

2.2 Configuration of UE-group WUS

Similar to Rel-15 WUS, configuration of Rel-16 UE-group WUS should be broadcasted in system information, which has been agreed as “Configuration of group WUS is at least signaled in SI” in the last meeting. However, the detail configuration is not clear, e.g., FFS the number of UE groups is configured by SIB.
Regarding to the number of UE-groups, the exact value may be related to the multiplexing scheme used by Rel-16 UE-group WUS and the multiplexing scheme between Rel-16 UE-group WUS and Rel-15 WUS. More UE-groups can provide lower probability of wake-up false alarm and save more UE power consumption. But, more physical resources are required. A reasonable value should consider a good trade-off between signaling overhead and UE power consumption. We think maximum 4 UE-groups is enough. To support the flexibility of providing different level of trade-off, the number of UE-groups should be configurable, e.g., it is configured by SIB. 
Proposal #3: Maximum number of UE-groups is not larger than 4, and the number of UE-groups is configurable.
In Rel-15, WUS can be transparently partitioned into maximum 3 UE-groups based on three types of gap configuration, i.e., corresponding to Gap-DRX, Gap-eDRX-short and Gap-eDRX-long respectively. Among the three types of gap configuration, one is for DRX UE and the other two are for eDRX UE with different capability of gap. This means, UE-grouping based on DRX/eDRX and gap configuration have been transparently supported for Rel-15 WUS. The transparent UE-grouping basis in Rel-15 WUS, i.e., three types of gap configuration, can be reused for Rel-16 UE-group WUS. Further UE-grouping based on the three types of gap configuration can be considered, i.e., each type of gap configuration corresponds to multiple UE-group WUSs. Assuming maximum 4 UE-groups for each type of gap configuration, there are a total of 12 UE-groups for Rel-16 WUS.  The combination of Rel-15 transparent UE-grouping and Rel-16 explicit UE-grouping can provide enough number of UE-groups to reduce the probability of unnecessary wake-up. Therefore, Rel-15 gap configuration should be reused for Rel-16 group WUS. In addition, whether to support separate configuration of number of UE-groups per gap can be further studied, i.e., the number of UE-groups may be different for different types of gap.

Proposal #4: Rel-15 gap configuration is reused for Rel-16 UE-group WUS, and FFS whether to support separate configuration of number of UE-groups per gap.

3 Conclusions
In this contribution, UE-group WUS was discussed, including multiplexing scheme and configuration of UE-group WUS. Based on the discussion and analysis, following proposals were made:
Proposal #1: Group-common WUS should be considered if single sequence CDM is used.

Proposal #2: TDM is preferred for multiplexing between Rel-16 UE-group WUS and Rel-15 WUS.

Proposal #3: Maximum number of UE-groups is not larger than 4, and the number of UE-groups is configurable.
Proposal #4: Rel-15 gap configuration is reused for Rel-16 UE-group WUS, and FFS whether to support separate configuration of number of UE-groups per gap.
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