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1 Introduction
At RAN#80, the Rel-16 work items on additional enhancements for NB-IoT and eMTC were approved [1], [2]. One of the objectives in this work item is to support group based Wake-up signal.
Improved DL transmission efficiency and/or UE power consumption:

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]
At RAN1#94, some agreements achieved are listed as following: 

	Agreements for both NB-IoT and eMTC:
UE-group WUSs are only multiplexed in the same carrier as associated PO

· FFS TDM/CDM for UE-group NWUS multiplexing

Rel-16 UE-group NWUS sequence should consider at least

· Fallback to legacy UE behavior

· Inter-cell interference randomization

· UE group ID for different UE-group NWUS

· Reuse of Rel-15 sequences is not precluded

· Effect of sequence detection on UE complexity

Study the RAN1 consequence of UE-grouping on the following basis:

· UE ID

· Coverage

· DRX/eDRX

· Gap configuration

· Services

Agreements for eMTC
· UE-group MWUS is supported based on eNB’s and UE’s capability.

· Whether the network supports UE-group MWUS is done by higher layer signalling.

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

· Note that the UE-group MWUS is UE optional




Wake-up signal (WUS) was introduced in Rel-15 NB-IoT and eMTC to reduce UE power consumption related to paging monitoring. In Rel-16, UE-group based WUS is introduced to further reduce UE power consumption. In this document, we discuss the UE-group based wake-up signal and give some observations and proposals. 
2 Discussion
2.1 Background
WUS has been introduced to reduce the power consumption of monitoring paging for IoT UEs. There are two ways to reduce the power consumption: one way is to reduce the monitoring period for each paging occasion, this was the focus of the work done in Rel-15. Another way is to reduce the false alarm probability, this is the objective of R16 UE-group based WUS design. 
As evaluated in [3], the fewer UEs sharing one WUS, the less influence they have on each other and the higher power saving can achieved especially for higher paging loads. Thus, UE grouping for WUS is beneficial in terms of reducing the false alarm probability.
Observation1: UE grouping for WUS is beneficial in terms of reducing the false alarm probability.
2.2 UE grouping
Since only R15 WUS is supported by R15 UEs, both R15 and R16 WUS should be supported by R16 UEs to guarantee backward compatibility. However, R15 WUS can be used by both R15 UEs and R16 UEs. In cases where all UEs need to be paged, e.g. in case of system information change notification, the R15 WUS can be used to wake up all UEs. 
Proposal 1a: A R16 WUS UE belongs at least to two groups, the common group and a UE-specific group. 
Proposal 1b: R15 WUS is used to wake up the UEs in the common group. 
The number of UE-groups should be larger than 1 and can be configured by system information, the possible values could be {2, 4, 8} which also depends on RAN1 design. 
Proposal 2: The number of WUS groups can be configured by system information and the possible values could be {2, 4, 8} which also depends on RAN1 design.
· UE_ID-based grouping

As listed in the RAN1 agreements, there are several ways to group UEs. A straightforward way is UE_ID-based grouping. In the paging procedure, the PO, PF, PH and paging carrier (paging narrowband for eMTC) for a UE are all determined according to the UE_ID. Similarly, the UEs associated to a PO can be further divided into groups according to the UE_ID. For example, assuming there are X sub groups, the sub-group ID can be calculated as:
UE sub-group ID=floor (UE_ID/(N*Ns)) mod X

Proposal 3: UE_ID based grouping can be considered as one candidate for UE-Group based WUS. 
· Services based grouping
There are some typical MT services in NB-IoT such as street light service. During a short time interval, hundreds of lights may be paged to turn on. To avoid the paging surge for other UEs, it is beneficial to group all street light like devices into a group. 
Proposal 4: Service based grouping can be considered as one candidate for UE-Group based WUS.

· Coverage based grouping
During the discussion on non-anchor carrier paging in Rel-14, coverage based paging was discussed. Eventually coverage based paging was not introduced due to the complexity and potential risk of paging missing. Similarly, for coverage based grouping for WUS, there are several problems. First of all, there is no concept of coverage level in WUS. In both NB-IoT and eMTC, the coverage level concept only exists in the RACH procedure. Second, the UE wake-up time for WUS is determined by the UE reported capability and the eNB configured timeoffset-eDRX-short and timeoffset-eDRX-long parameters, there is no relationship with coverage level. Third, the presence of NRS on non-anchor carrier even when there is no paging transmission will be introduced in rel-16 to allow early termination of WUS detection, which will reduce the power consumption required to monitor WUS for UEs in good coverage. 
Proposal 5: Coverage based grouping is not considered for UE-Group based WUS. 
· DRX/eDRX based grouping
The motivation of DRX/eDRX based grouping is that UEs in DRX can only be configured with 1 to 1 mapping between WUS and POs while UEs in eDRX can be configured with 1 to N mapping. To support these two different WUS mappings, the eNB pages the UEs in eDRX in any of the associated N POs while it should page the UEs in DRX in the associated PO. The two types of UEs do not impact each other on power consumption.
Proposal 6: The benefit of DRX/eDRX based grouping needs to be identified. 
· Gap based grouping 
UEs using different gaps before WUS wake up at different time and already monitor different WUS. They do not impact each other on power consumption. However, if UEs with different WUS gaps are grouped together, the eNB might have to transmit multiple WUS when paging UEs belonging to the same UE group but with different WUS gaps, which is inefficient in terms of network resource overhead, thus gap based grouping is beneficial for the network. 
Proposal 7: RAN2 to discuss pros and cons of gap based grouping. 
3 Conclusion
In this document, we have discussed the UE-group based Wake-up signal and made the following observations and proposal:
Observation1: UE grouping for WUS is beneficial in terms of reducing the false alarm probability.
Proposal 1a: A R16 WUS UE belongs at least to two groups, the common group and a UE-specific group. 
Proposal 1b: R15 WUS is used to wake up the UEs in the common group. 
Proposal 2: The number of WUS groups can be configured by system information and the possible values could be {2, 4, 8} which also depends on RAN1 design.
Proposal 3: UE_ID based grouping can be considered as one candidate for UE-Group based WUS. 

Proposal 4: Service based grouping can be considered as one candidate for UE-Group based WUS.

Proposal 5: Coverage based grouping is not considered for UE-Group based WUS. 
Proposal 6: The benefit of DRX/eDRX based grouping needs to be identified. 
Proposal 7: RAN2 to discuss pros and cons of gap based grouping. 
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