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1
Introduction
New WI in Rel-16 to support further enhancements to NB-IoT was approved in RAN#80. One of the objective of the WI is improve the UE power consumption with introduction of group based WUS. 
Following are the RAN1-103bis Agreements for GWUS functionality.

· 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.

· Further discuss whether the following are supported:

· Service based grouping 

· DRX/eDRX based grouping 

· Gap based grouping. 

· Coverage based grouping

Following are the agreements made in RAN2#104 related to UE Group Wake Up Signal functionality.

· Further discuss the benefit and feasibility of using service based parameters for grouping in addition to UE-ID.

· Can discuss group distribution further, including Rel-15/16 mechanism interaction, once we know more about number of groups and more about the grouping solution (e.g. service based parameters).

· RAN2 will decide on the UE to WUS group mapping.
2
Traffic model and Scenarios for Service Based GWUS
With Rel-15 WUS signal the false wake-up of UE on the paging occasion without any paging message scheduled is avoided. With this enhancement the energy efficiency associated with paging reception is improved significantly and the false-wake up impact will only depends on the actual paging load within the cell. So it is important to define reference paging load scenario for which the additional energy efficiency with the help of GWUS to be analysed as first step. For instance whether the paging scenario where more than one UE are paged for the same paging occasion is more probable scenario or not can be decided based on this scenario. This will enable RAN2 to prioritise the solution relevant for the most probable scenarios.
Proposal 1: Reference traffic model for network-initiated commands and associated paging load should be defined as basis for analysis of benefits of GWUS.
The reference traffic model assumptions in TR 45.820 for capacity calculation assumes only 20% of the idle mode IoT devices needs to handle the network command and all remaining devices are expected to only generate MAR reports in uplink. It is still not clear from this assumption that whether 80% of the devices are assumed as PSM device which will not even listen to paging for any incoming command without uplink transmission. Alternatively, these devices can also be assumed that will still listen to the paging occasions for any paging related to network initiated software download or other commands which are less frequent compared to periodic network command towards the device.

In order to analyse the paging efficiency corresponds to the maximum paging load towards IoT device, we propose to consider all the IoT devices supports network command as starting point. For these devices the traffic model for network command if follows the same distribution of UE across different rates, approximately 6-7 paging per second paging load is estimated per cell. To analyse the benefits with simple calculations, the DRX/eDRX cycle associated with all the devices with network command is assumed to be same.
The estimated paging load for idle mode devices with mix of stationary and mobile devices is calculated in the below table. For the estimation all these devices are configured with same DRX cycle length of 5.12 seconds.
	Description
	Value

	Paging Load for Network command (All Idle mode devices)
	7 Paging messages /sec

	Ratio of stationary and Mobility devices
	50:50

	Increased paging load due to 20% paging retransmission for mobility devices from 10 neighbour cells. 

(200% additional number of paging for mobility devices)
	7 Paging message /sec

	Total Paging load including retransmission from neighbouring cells.
	14

	Number of paging message per DRX cycle (5.12 seconds)
	72

	Number of paging messages per Paging Occasion (Note Number of paging occasions = 1 PO for every radio frame)


	0.15

	Number of paging messages per Paging occasion ( With Rmax =128 ; To avoid overlap across NPDCCH ,1 PO for every 15 radio frames considering invalid SF for control channels)
	Approximately 2 Pages /PO


As per the above estimation of paging messages for every PO, average of 2 paging messages per paging occasion possible. For the above reference paging load, the GWUS signal should be able to convey two wake-up for two sub-groups together. 
When eDRX cycle is configured for the UE, the UE are distributed across larger window of DRX cycle, so the number of UE mapped to paging occasion will be reduced considerable. In these cases the GWUS design can assume paging for single UE as the primary use case.

Observation 1: Maximum of 2 paging messages per Paging occasion can be considered for design of sub-group mapping to GWUS sequence for the devices configured with DRX cycle.
Observation 2 : With eDRX configuration the paging load is distributed across more number of paging occasions thus the chances of receiving more than one paging message per PO is less probable in this case.

If the devices supporting Network command does not have any latency requirement associated with the response from the device (such as activation command towards street lights) , the UE belonging to different network command rate can be configured with  different eDRX cycles. For example, the Network command devices with 1 Network command /Hour , eDRX cycle of 1 Hour can be configured where as for the Network command devices with 1 Network command / 6 Hours can be configured with eDRX cycle of 3 Hours. In these scenarios, the network command UE having different paging rate can be differentiated based on eDRX cycle.

Observation 3 : For Network command IoT devices which does not have latency requirements for page-response, configuring these UE with different eDRX cycle will be sufficient to minimise the false wake-up across UE belonging to different paging rate.
If the Network command towards IoT devices have common latency requirement for the response from the devices, the DRX/eDRX cycle for these devices should be configured in common to all these devices. In this case if the paging rate towards different devices vary significantly, it will be beneficial if the service type based on paging rate is considered for UE sub-grouping for GWUS. With service type mapped to paging rate used for sub-grouping of GWUS, UE having lower paging rate need not wake-up when paging is scheduled towards UE having higher paging rate.
Observation 4 : For Network command IoT devices associated with common latency requirement for response from the devices, the service based grouping where service is mapped to paging rate is expected to improve the energy efficiency associated with each group of devices.

In case if the idle mode devices within system consists of stationary devices ( eg.. energy meters) and mobility devices (tracking devices), the paging retransmission scheduled in neighbouring cells will also impact the paging reception of stationary devices in these cells. With service based sub-grouping for GWUS with service-type mapped to the mobility-characteristics will improve the paging reception for the stationary devices.

Observation 5: Service-type based sub-grouping for GWUS with service-type mapped to the mobility chanracteristics of the device will improve the energy efficiency associated with paging reception for the stationary devices.
Based on the above observations we make the following proposals for service based GWUS design.
Proposal 1 : Service-type based on either paging rate or mobility characteristics should be used as criteria for defining the sub-groups for GWUS.
Proposal 2 : One paging message per paging occasion should be considered as reference paging load for design of GWUS. Further support of GWUS for higher number of paging message per PO can be considered as optional functionality of GWUS.
3 Design Aspects
In order to support the service based sub-grouping of GWUS discussed in the above section, the subscription information at the CN should indicate the service-type of the device supporting network command. The subscription information for each device may include single service-type indicating the paging-rate and mobility-characteritics of the devices.

Exemplary mapping of the service type information in subscription information for different types of devices given in the below table.

	Service-type
	Network command rate
	Mobility
	IoT-Device type

	1
	1 network command interval more than 12 Hours.
	Stationary
	Smart meter (Home)

	2
	Network command interval below 12 Hours
	Stationary
	Smart meter (Industry)

	3
	1 network command interval more than 4 Hours.
	Mobile
	Tracking device (Fleet )

	4
	1 network command interval less than 1 Hour
	Mobile
	Child Tracking Device


For the above mapping 2 bit information of service-type needs to be communicated towards UE as part of NAS signaling during registration and periodic tracking area update signaling. This information also needs to be sent towards RAN as part of S1 interface signaling which carries the paging message. Configuring the service type to be used as criteria for GWUS can be controlled by CN towards UE capable of GWUS.

Proposal 3: Subscription information at CN, NAS Signaling and S1-Interface signaling needs to support new parameter service-type to activate the service based GWUS at system level. RAN2 should agree on the above minimum impacts to SA2/CT1/RAN3.

Independent of whether the CN and UE supports service based GWUS or not, RAN can independently decide on whether it has to enabled GWUS based on service-type. ENB decides the mapping of GWUS sequence to UE sub-groups.  Mapping of UE to sub-group whether it is based on UE-ID type or Service-type or both also should be configurable by ENB. If the cell only supports UE-ID based sub-grouping, the UE derives its sub-group based on UE-ID type and selects the GWUS to listen based on the same.
Proposal 4: RAN2 decides on the mapping of GWUS sequence to different type of sub-grouping or combination of types.
Eventhough GWUS is configured for UE, the UE may need to support one common WUS signal for the situations where common paging messages such as system information changes needs to be notified towards the UE. So the UE configured for GWUS reception in idle mode also needs to check for the sequence corresponds to common WUS.

This common WUS can also be used when the ENB schedules paging for more than the number of sub-groups which are supported by the GWUS to sub-group mapping. For example, if the GWUS mapping supports only wake-up for single sub-group, the common WUS can be used for sending paging message consists of paging for more than one sub-group of UE.

Proposal 5: One common WUS should be supported in addition to GWUS to receive common paging messages and also for paging towards multiple UE belonging to different sub-groups.

The false-wake up of  group of UE belonging to one service type due to paging for UE of other service type can also achieved with configuring group of paging occasions for different service types. Alternatively, if the paging occasion is also derived based on service-type, paging of UE belonging to different service types on the same paging occasion is avoided. 
In case if the number of GWUS sequence does not allow use of service based sub-grouping along with UE-ID based sub-grouping in effective manner, two step approach of mapping of sub-groups can be considered. As first step based on service type the set of paging occasions within the DRX cycle are defined for different services. Within the paging occasion the UE-ID based subgrouping can be used for GWUS. The benefit of this approach is that differentiation of paging reception across different service types along with UE-ID based differentiation is possible with minimum number of GWUS sequences. 
Alternatively, TDM of two GWUS signals each configured with different sub-grouping configuration also can be considered in these cases.

Proposal 6: Two levels of grouping of UE with use of sub-group information for selection of paging occasion as well as GWUS also can be considered if subgrouping based on service and UE-ID are needed.

5 Summary

In this document we analyse the traffic model for IoT devices supporting network command to understand the additional benefits of GWUS and make some proposals related to the scenarios applicable for service based GWUS. We also further provide high level design aspects for realisation of service based GWUS.

Proposal 1 : Reference traffic model for network initiated commands and associated paging load should be defined as basis for analysis of benefits of GWUS.

Observation 1: Maximum of 2 paging messages per Paging occasion needs be considered for design of sub-group mapping to GWUS sequence for the devices configured with DRX cycle.

Observation 2 : With eDRX configuration the paging load is distributed across more number of paging occasions thus the chances of receiving more than one paging message per PO is less probable in this case.

Observation 3 : For Network command IoT devices which does not have common latency requirements for page-response, configuring these UE with different eDRX cycle will be sufficient to minimise the false wake-up across UE belonging to different paging rate.
Observation 4 : For Network command IoT devices associated with common latency requirement for response from the devices, the service based grouping where service is mapped to paging rate is expected to improve the energy efficiency associated with each group of devices.

Observation 5: Service-type based sub-grouping for GWUS with service-type mapped to the mobility characteristics of the device will improve the energy efficiency associated with paging reception for the stationary devices.
Proposal 1: Service-type based on either paging rate or mobility characteristics should be used as criteria for defining the sub-groups for GWUS.
Proposal 2: One paging message per paging occasion should be considered as reference paging load for design of GWUS. Further support of GWUS for higher number of paging message per PO can be considered as optional functionality of GWUS.

Proposal 3: Subscription information at CN, NAS Signaling and S1-Interface signaling needs to support new parameter service-type to activate the service based GWUS at system level. RAN2 should agree on the above minimum impacts to SA2/CT1/RAN3.

Proposal 4: RAN2 decides on the mapping of GWUS sequence to different type of sub-grouping or combination of types.
Proposal 5: One common WUS should be supported in addition to GWUS to receive common paging messages and also for paging towards multiple UE belonging to different sub-groups.

Proposal 6: Two levels of grouping of UE with use of sub-group information for selection of paging occasion as well as GWUS also can be considered if  subgrouping based on service and UE-ID are needed.

References

[1] RP-181451 -WID for further enhancements for NB-IoT.

[2] TR 45.820 – Cellular System Support for ultra low complexity and low throughput Internet of Things (CIoT).

[3] R2-1816063 - RAN2 agreements for Rel-16 additional enhancements for NB-IoT and MTC
