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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 for GWUS until RAN2-107 with list of agreements reduced to the discussion in this paper.

RAN2#103bis agreements:
· The aim of UE grouping for WUS is reducing the false alarm probability.

· At least UE_ID based grouping is supported for UE-Group based WUS. This doesn’t exclude other options.

RAN2#104 agreements:
· RAN2 will decide on the UE to WUS group mapping.

RAN2#106 agreements:
· WUS grouping based on paging probability is beneficial for improving false wake-up probability for UEs which are not frequently paged, but may increase false wake-up probability for UEs which are frequently paged.
· Send an LS to SA2, cc RAN3, CT1, to ask about the feasibility and impact for the MME to provide information on UE paging probability.

RAN2#107 agreements:
· Paging probability information is negotiated between the UE and MME via NAS signalling.
· This paging probability information needs to be provided by S1 paging.

· eNB configures, via broadcast, the relation between this paging probability information and WUS group on Uu interface.

Following are the key RAN1 agreements related to GWUS sequence and resource configuration for NB-IoT.

· Maximum number of GWUS sequence per WUS resource is 8.

· A UE is required to monitor WUS(s) in only one WUS (T/F) resource location
· Group WUS location in relation to legacy WUS may be configured such that:

· If one group WUS resource is configured, that group WUS resource may be configured to coincide with the legacy WUS resource or to occur immediately before the legacy WUS resource, and,

· If two group WUS resources are configured, the first group WUS resource coincides with the legacy WUS resource and the second group WUS resource occurs immediately before the first group WUS resource.

In this discussion paper we further analyze the Rel-16 WUS configuration for GWUS resource assignments and mapping of resources for group based WUS considering both UE-ID based paging probability based grouping.
2 Discussion

Rel-15 NB-IoT supports single WUS to indicate the wake-up associated with all the UE mapped to single or multiple paging occasions. The WUS configuration parameters of Rel-15 WUS is listed in the below table.
	Parameter Name
	Description

	Max-Duration-Factor
	WUS length in terms of number of repetitions as ratio corresponds to maximum repetition of paging search space

	Number of PO
	Number of PO mapped to single WUS

	Number of DRX Cycle Relaxed
	Minimum number of DRX cycles for which single serving cell measurements are required.

	Time offset (DRX, short eDRX, long eDRX)
	The time offset from the first paging occasion where the WUS to be transmitted for different DRX configurations.


Rel-16 WUS signal supports wake up of selected sub-group of UE mapped to the paging occasions. For this purpose, set of additional WUS sequences needs to be defined. The sequence selected for WUS transmission depends on the sub-group of UE for which the paging is scheduled. But the key parameters associated with WUS configuration such as maximum duration, number of PO and relaxed measurements can be same as Rel-15 WUS. Hence the Rel-15 WUS configuration parameters can be considered as common parameter for Rel-16 WUS also unless otherwise explicitly configured. Rel-16 WUS specific configurations such as list of WUS sequences and their mapping to UE specific information should be defined as new parameter in system information.

Proposal 1: Rel-15 WUS configuration is also applicable for Rel-16 WUS as common parameters for GWUS.
Proposal 2: New parameter for Rel-16-WUS configuration is defined containing the GWUS specific information.
Whether all the Rel-15 WUS parameters can be reused for GWUS depends on RAN1 features associated with GWUS. For example, if the cross-detection performance of different GWUS sequences is very good, Rel-16 GWUS configuration can also have same maximum duration factor as Rel-15. Otherwise the Rel-16 GWUS needs to be configured with different maximum duration.Number of PO mapping and relaxed monitoring configuration should be same as Rel-15 WUS to minimize the additional information included in Rel-16 GWUS configuration. Need for having different attributes of WUS configuration for Rel-16 GWUS should be discussed and concluded in RAN2. GWUS can be optionaly supported for DRX and eDRX scenarios. In this GWUS specific configuration should also include parameter to indicate whether it is supported for DRX and eDRX cases.
Proposal 3: RAN2 further discuss on whether GWUS should have dedicated configuration for some of the common parameters defined for Rel-15 WUS.

According to RAN1 agreements for NB-IoT, On given WUS resources upto 8 WUS sequences can be configured. It is possible to define upto 2 TDM WUS resources. Overall 16 WUS sequences are possible for Group based WUS. The WUS sequence and the associated group-Id to be used for generation of the WUS sequence can be configured as separate parameter within Rel-16 GWUS configuration. The number of WUS resources and in case of single resources whether its location with respect to first PO is same as Rel-15 WUS is also part of the GWUS Resource information.
Proposal 4: GWUS Resource information along with group-Id to be used for generation of the GWUS sequence should be separate configuration parameter within Rel-16 WUS configuration.
As per RAN2 agreements, UE-ID based grouping and paging probability-based grouping are possible for Group based WUS. For UE capable of Rel-16 GWUS, UE-ID based grouping is enabled by default and does not require additional configuration from MME. In case of paging probability-based grouping, MME assigns the assistance information regarding paging probability, which should be used to identify the Group information if the RAN supports paging probability based GWUS.

In case if ENB support the paging probability based grouping for GWUS along with UE-ID based grouping following options are possible for GWUS resource mapping.
· GWUS resources for UE-ID based grouping is assigned via separate configuration. On the remaining resources further subgrouping is done based on paging probability information. Within each subgroup of resources, UE-ID based grouping can be used to select GWUS for the UE to monitor.
· GWUS resources are divided into multiple sub-groups. The paging probability information is used to identify the sub-group. Within sub-group, UE-ID based grouping is used to select GWUS resource. For the UE which only support UE-ID based grouping, one of the subgroups can be assigned. In this case, UE supporting UE-ID based grouping and also UE belongs to one of the paging probability-based group share the same resources. There could be increase in false-wake-up among these UE.

The WUS resource sub-grouping and mapping to different group information is illustrated in the below diagram.
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Figure 1: Exemplary GWUS configuration for Two level group mapping
Proposal 5: Subgrouping of GWUS resources should be supported to allow two level sub-grouping based on paging probability information and UE-ID.
When the UE supports Rel-16 WUS, the UE can be configured to monitor specific WUS sequence based on the group-Id assigned UE based on UE-ID and paging probability information. If the GWUS is configured, the UE may also need to monitor common WUS which will be required for the situation when more than one group of UE are paged on the paging occasion. This common WUS reception is also required to receive paging related to system information change and other common notification.
Proposal 6: UE capable of Rel-16 GWUS should support monitoring common WUS in addition to the group based WUS reception.
The common WUS sequence to be monitored by Rel-16 UE supporting group based WUS can be Rel-15 WUS sequence. It should be also possible to configure separate WUS sequence other than Rel-15 WUS as common WUS for Rel-16 UE. This configuration reduces the false wake-up of Rel-16 GWUS capable UE for paging towards Rel-15 UE.
Proposal 7: Rel-16 GWUS configuration support additional configuration for common WUS configuration. Common WUS configuration at sub-group level also should be supported. If common WUS is not configured, Rel-15 WUS should be considered as common WUS.
If the common WUS for Rel-16 GWUS capable UE is different from Rel-15 WUS, in case of system information modification to be informed via paging to all the UE, network may need to schedule both Rel-16 common WUS and Rel-15 WUS prior to paging occasion. If the common WUS and GWUS shares the same WUS resources, it will lead to increased delay in system information modification procedure as the network needs to schedule both these WUS in TDM manner and also the paging transmission also needs to be scheduled twice across two DRX cycles within the modification period.
Observation 1: If common WUS and Rel-15 WUS sequences are mapped to same WUS resources, the system information modification indication to idle mode UE in DRX configuration will require more time and resources than system configured single WUS as common WUS for Rel-15 and Rel-16 UE.
3 Summary

RRC Configuration for GWUS resources and mapping of these resources to UE sub-group information are analyzed in this document. Following are the observations and proposals based on the analysis.
Proposal 1: Rel-15 WUS configuration is also applicable for Rel-16 WUS as common parameters for GWUS.
Proposal 2: New parameter for Rel-16-WUS configuration is defined containing the GWUS specific information.

Proposal 3: RAN2 further discuss on whether GWUS should have dedicated configuration for some of the common parameters defined for Rel-15 WUS.

Proposal 4: GWUS Resource information along with group-Id to be used for generation of the GWUS sequence should be separate configuration parameter within Rel-16 WUS configuration.
Proposal 5: Subgrouping of GWUS resources should be supported to allow two level sub-grouping based on paging probability information and UE-ID.

Proposal 6: UE capable of Rel-16 GWUS should support monitoring common WUS in addition to the group based WUS reception.
Proposal 7: Rel-16 GWUS configuration support additional configuration for common WUS. Common WUS configuration at sub-group level also should be supported. If common WUS is not configured, Rel-15 WUS should be considered as common WUS.
Observation 1: If common WUS and Rel-15 WUS sequences are mapped to same WUS resources, the system information modification indication to idle mode UE in DRX configuration will require more time and resources than system configured single WUS as common WUS for Rel-15 and Rel-16 UE.
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