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1 Introduction
The WID of Rel-16 enhancements for NB-IoT and the WID of Rel-16 MTC enhancements for LTE were approved in RAN#80. The WIDs have been revised and the lasted ones are approved in RAN#83 [1][2]. In which, the following objective is included:

	Improved DL transmission efficiency and/or UE power consumption:

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]


Following are the RAN2 agreements and FFS for GWUS related RRC signaling from RAN2-107bis.
· Rel-16 WUS can be configured without Rel-15 WUS.
· If both R15 and R16 WUS are configured, then maximum duration, time offset for different gap types, and transmit power for WUS sequence need to be configured with the same values for both R15 and R16.

· FFS: numPOs
· The time locations of R16 WUS resources need to be known by the UE. Signalling details can be discussed as part of stage 3 CR.

· FFS: A WUS group cannot be mapped to both UEs using UE-ID based only and UEs using UE-ID + paging probability based grouping.

· If both Release 15 WUS and Release 16 WUS are configured then values configured for parameters in Release 15 WUS also apply to Release 16 WUS.

· If only Release 16 WUS is configured then values for the following parameters shall be configured: MaxDurationFactor, numPOs, FrequencyLocation (eMTC only), timeOffsetDRX, timeOffset-eDRX-short, timeOffset-eDRX-Long, numDRX-CyclesRelaxed.

· FFS: A different number of WUS resources can be configured for each gap type (DRX, eDRX short, eDRX long).

· FFS: When one or more R16 WUS resources are configured, the WUS Paging probability mapping to WUS group can be provided separately for each gap type (i.e. timeoffset-DRX, timeoffset-eDRX-short, timeoffset-eDRX-long).
· Same or different number of WUS groups can be configured for each R16 WUS resource.

· UE WUS group hopping between WUS resources is configured per cell.

· FFS how to configure the following agreed cases:

· When R15 WUS is configured then all R16 WUS resources are adjacent to R15 WUS in the time domain (for eMTC and NB-IoT) and in the frequency domain (for eMTC only).

· When only R16 WUS resources are configured, frequency location provided for the first R16 resource (i.e. FrequencyLocation). (for eMTC only).
· When only R16 WUS resources are configured, location in time provided for the first R16 resource for each gap type (i.e. timeOffset-DRX, timeOffset-eDRX-short, timeoffset-eDRX-Long). (for eMTC and NB-IoT).
· RAN2 assumes one or more UEs may not be configured at NAS with paging probability.

· If R16 WUS is configured, at least one WUS group will be assigned to UEs that are not configured with paging probability.
· FFS Mapping of paging probabilities to WUS group.
· R16 WUS can be supported on all or subset of the paging carriers/paging narrowbands.
In this discussion paper we further analyses the remaining issues related to configuration of GWUS resources and also mapping of UE specific group related information to the WUS groups and WUS resources.
2 Discussion

In Rel-15, when extended DRX is used for UE, the WUS is mapped to more than one paging occasions within PTW. In this case if WUS is detected the UE need to monitor all the PO mapped to this WUS until paging message for the UE is received. With this mapping in case of false wake-up the UE need to monitor all the PO mapped to the WUS, so the number of PO configured WUS also depends on the number of UE mapped to same PTW. In case of GWUS configuration it is possible to reduce the false wake-up with use of UE specific group information. So the number of PO mapped to UE configured with GWUS can be configured with higher number of PO per WUS. With higher number of PO mapping per WUS avoids UE waking up multiple time for WUS monitoring within PTW. Thus better energy efficiency is possible for GWUS if system allows the number of PO per WUS is different for Rel-16 WUS than Rel-15.

Proposal 1: RAN2 support different value for number of paging occasions per WUS (numPOs) for Rel-15 and Rel-16 WUS.
Rel-16 WUS configuration is meant to support the group specific WUS configuration. So we suggest to use the name GWUS for Rel-16 WUS related configurations.

Proposal 2: Rel-16 WUS configuration is referred as GWUS Configuration to reflect the objective of the WUS configuration.

GWUS Configuration scenarios 
Scenario 1: UE-ID based Grouping only supported
The basic GWUS configuration scenario corresponds to system which only support UE-ID based grouping for GWUS. For this configuration, the WUS Group and WUS resource to be monitored by the UE is derived based on UE-ID. In this case, if the number of WUS groups for each WUS resource is configured as part of Rel-16 WUS configuration, no additional configuration will be required for UE-ID based grouping. The UE-ID based grouping function uses the sum of WUS groups across all the resources as maximum number of WUS-Groups. The Group-Id deduced from the UE-ID based grouping function is further used to map to the WUS Group and WUS resources. The second level mapping of Group-ID to WUS resource and WUS group can be fixed configuration without explicit signaling.
Observation 1: When UE-ID based Grouping only configured, no additional configuration related to mapping of UE-ID to WUS Group is required.
Scenario 2: Paging probability-based Grouping supported along with UE-ID based grouping

A cell may also support grouping based on paging probability information along with UE-ID based grouping. This grouping is only applicable for UE which is configured with paging probability information from CN. For this configuration as first step, mapping of range of paging probability values to paging-group-Id should be defined. Each paging group-Id needs to be further mapped to set of WUS Groups within WUS resources. Within the set of WUS Groups assigned for paging group Id, the UE-ID based grouping can be used to further identify the WUS group the UE should monitor based on UE-ID. These steps are illustrated in the following Figure.
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For paging probability-based grouping, network should support two additional tables within Rel-16 GWUS configuration.
Proposal 3: To support paging probability-based grouping following information are included in Rel-16 WUS configuration

· Mapping table of paging probability information to paging-probability-group-Id.

· WUS Group set configuration consists of set of WUS group/WUS Resources for each paging-probability-group-Id.

In case if the system supports paging probability based grouping, the UE which is not configured with paging probability information can be assigned to one of the paging-probability-group-Id. To support configuration where the UE-ID based grouping and paging probability based grouping not sharing same set of resources, the mapping table may contain one entry which maps the “No-paging-probability-Info” to paging group-Id.
Proposal 4 : The paging probability mapping table should include entry for mapping the UE without paging probability information. 
As per RAN1 agreements, when the UE is monitoring for WUS group within WUS resource it should also monitor common WUS on the WUS resource. If the WUS resources is not shared with Rel-15 WUS resource, then Rel-15 WUS sequence is used as common WUS. On the WUS Resource which is shared with Rel-15, it should be possible to configure separate common WUS. With regard to common WUS configuration, only one parameter is needed to identify the common WUS Group on the Rel-15 WUS resources.

Proposal 5: GWUS configuration includes parameter to indicate whether common WUS configured on the WUS resource shared with Rel-15 WUS is different from Rel-15 WUS or not. 
According to RAN2-107bis agreements, Rel-16 WUS configuration should be supported for all gap-types. Whether number of WUS resources for Rel-16 WUS configuration can be same across all the gap-types was marked as FFS. As the configuration parameters required to support UE-ID based and paging probability-based grouping across all UE requires significant changes in system information. To limit the complexity associated with Rel-16 WUS configuration we propose to simplify the WUS resource configuration for each gap type to be same. This allows single configuration of WUS resources for all UE.
Proposal 6: Number of WUS Resources resources is configured as common parameter for all gap types.
In case of system wide paging scenarios such as system information modification or ETWS/CMAS indication, the common WUS needs to be scheduled in all the WUS resources for every paging occasion within DRX cycle. In case the common WUS for Rel-16 UE is different from Rel-15 WUS on the WUS resource, the WUS scheduling on the common WUS resource needs to be done in TDM manner across DRX cycles of modification period to wake-up both Rel-15 and Rel-16 WUS capable UE. This may lead to additional delay in UE acquiring the system information change or ETWS/CMAS indication.

Observation 2: If both Rel-16 common WUS and Rel-15 WUS are configured in the same WUS resource for DRX configuration, the time taken to provide the paging indication for system information changes or ETWS/CMAS indication to all UE will be more compared to Rel-15 system.
3 Summary

In this discussion paper, GWUS Resource configuration and mapping of these resources for different types of grouping is analyzed. Following are the proposals and observations made based on the analysis.
Proposal 1: RAN2 support different value for number of paging occasions per WUS (numPOs) for Rel-15 and Rel-16 WUS.

Proposal 2: Rel-16 WUS configuration is referred as GWUS Configuration to reflect the objective of Rel-16 WUS functionality.
Observation 1: When UE-ID based Grouping only configured, no additional configuration related to mapping of UE-ID to WUS Group is required.
Proposal 3: To support paging probability-based grouping following information are included in Rel-16 WUS configuration

· Mapping table of paging probability information to paging-probability-group-Id.

· WUS Group set configuration consists of set of WUS group/WUS Resources for each paging-probability-group-Id.

Proposal 4 : The paging probability mapping table shall include entry for mapping the UE without paging probability information. 

Proposal 5: GWUS configuration includes parameter to indicate whether common WUS configured on the WUS resource shared with Rel-15 WUS is different from Rel-15 WUS or not. 

Proposal 6: Number of WUS Resources is configured as common parameter for all gap types.
Observation 2: If both Rel-16 common WUS and Rel-15 WUS are configured in the same WUS resource for DRX configuration, the time taken to provide the paging indication for system information changes or ETWS/CMAS indication to all UE will be more compared to Rel-15 system.
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