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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 objectives 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.
Following are the agreements made in RAN2#105 related to GWUS functionality.
· Feasibility of the solution based on the following attributes for deriving the service-type for GWUS can be studied further.

· Paging Probability

· Mobility 

In this document we further discuss the design aspects of service-based grouping with service type mapped to paging probability and mobility characteristics.
2 Design aspects of Service based GWUS
The network command traffic model defined in TR45.820 can be used as reference to analyse the grouping the UE based on service type based on paging probability.

As per the network command traffic model, the network command is applicable for scenarios where application server generates network command towards device to perform some action without any uplink response or to obtain some status information from the device. The inter-arrival time for the network command across the idle mode devices is distributed as per below table.
	Periodic inter-arrival time (IAT) Value
	UE Distribution 

	24 HRS
	40%

	12 HRS
	40%

	2 HRs
	15%

	0.5 HR
	5%


In case if there is no latency requirements for the network command towards the UE, UE having different periodic IAT values can be assigned with different eDRX cycle values. With UE having lesser inter arrival time can be assigned shorter eDRX cycle and UE having higher IAT value can be assigned with higher eDRX cycle. With this approach, UE the chances of UE having different paging probability mapping to same PO is reduced due to different number of total PO across these UE. 

Observation 1:  For CIoT device which does not have any latency requirements for network command, configuration of eDRX cycle according to the Inter-arrival-time is sufficient to minimise the impact of UE having different paging probability into same paging occasion.

In case if the network command towards the devices expects the response within specified time-limit but the inter-arrival time of the network command is different across UE, the possibility of UE with higher paging probability (i.e lesser inter arrival time) and UE with lower probability to same paging occasion is high. For this case, if the service type based on the expected inter-arrival-time of network command is used for selection of GWUS, false wake-up of UE having larger IAT due to paging towards UE having shorter IAT can be avoided.
Observation 2: For CIoT devices having same latency requirements, the CN can assign service-type for GWUS grouping based on the estimated IAT of network command for the devices to improve the false wake-up performance.
When the subscription information includes additional information related to paging probability, CN should be able to deduce the single bit service type information based on the same. In this case, NAS signaling towards UE should include the service type information in the signaling messages related to registration and tracking area update procedures towards UE capable of GWUS.
Observation 3 : With inclusion of information related to paging probability such as periodic IAT for network command , solution based on service-type linked to paging probability is feasible with some further analysis in SA2 and CT1.

Proposal 1 : RAN2 co-ordinate with SA2 on the possibility of including information related to paging probability in subscription information and deriving the paging service type based on the same.
Proposal 2 : RAN2 co-ordinate with CT1 for NAS signaling impacts for inclusion of paging service type for UE capable of GWUS.

When the paging-service type as single bit indication also needs to be considered for sub grouping of UE for GWUS, ENB needs to divide the available GWUS across the two service types. Within the subset of GWUS sequences for given service type, UE-ID based grouping is done for further distribution of paging across UE within the same service type.  Number of GWUS sequences to be allocated for each paging service type depends on UE distribution across these types. Thus separation of GWUS sequences across different service types should be configurable by operator.
Proposal 3: Two level of sub grouping based on paging service type and UE ID should be supported for service based GWUS.
Proposal 4:  Configuration of GWUS sequence mapping to paging service type should be supported for flexible distribution of GWUS sequences across paging service-types. 

In case if UE does not support paging-service type based GWUS, the UE can refer to one of the sub-groups of GWUS for its UE-ID based GWUS assignment. For this purpose one of the GWUS resource set can be defined as default GWUS resource set for UE-ID based GWUS assignment.  The default GWUS resource set needs to be mapped to service type corresponds to high paging probability to avoid impact to UE with lower paging probability.
Proposal 5:  For UE not assigned with paging service type or not supporting paging service type based GWUS the UE-ID based GWUS will be applied with the GWUS resources of default GWUS resource set. 

3 Performance Analysis of Service based GWUS

The false wake-up performance analysis of UE-ID based GWUS assignment and also service-type based GWUS assignment for exemplary scenario is provided in this section.

Considering scenario where approximately 1000 UE are mapped to single paging occasion with the UE having the network command inter arrival time distribution as indicated in the above table, the total number of times UE need to decode NPDCCH and NPDSCH per day is calculated as 4500 if the NWUS is configured for all the UE. 
· Total number of paging messages for paging occasion per day = (400*1 +400*2 +12*150 + 48*50) =4500
The false wake up performance for different UE are calculated as below with NWUS and also UE-ID based GWUS with maximum groups as 8. 
	Network command IAT of UE
	False wake up Performance Per Day
	False Wake Up Performance with GWUS (Max-Groups =8)

	24 HR
	4499/4500
	562 /4500

	12 HR
	4498/4500
	562/4500

	2 HR
	4488/4500
	560/4500

	0.5 HR
	4476/4500
	559/4500


When the GWUS is configured to consider the service-type based on paging probability along with UE-ID based sub-grouping with number of groups within service type reduced according the UE distribution across these two service types.
	Paging Service type as Paging probability
	Number of UE Per Paging Service Type
	Number of GWUS within Service type for UE-ID based mapping
	False wake up Performance with two levels of sub-grouping

	Low
	400
	3
	133 /4500

	Normal
	200
	5
	683/4500


Observation 4: False wake-up performance of Paging service type based GWUS for UE with low paging probability is better than UE-ID based grouping for GWUS.

As per the above analysis, when the GWUS resources are shared between different service types, there will be slight negative impact for one service type for improvement on the performance for other type. The impact depends on the UE distribution across the types.
This impact can be mitigated if separate GWUS Window is assigned for each service type with all the GWUS sequences are used for UE-ID based sub-grouping within each window. The false wake-up performance recalculated with the TDM of GWUS based on service type is given in the below table.
	Paging Service type as Paging probability
	Number of UE Per Paging Service Type
	Number of GWUS within Service type with TDM approach
	False wake up Performance with two levels of sub-grouping

	Low
	400
	8
	50 /4500

	Normal
	200
	8
	500/4500


Observation 5: With TDM of GWUS transmission for paging service-type based GWUS improves the overall false wake-up performance across both service-type.

Proposal 6: RAN2 further consider the TDM of GWUS transmission for service based GWUS.
4 Summary

In this discussion paper we analyse the feasibility of service based GWUS where service type is deduced from the paging probability information and also the performance of service based GWUS for reference UE distribution across different periodic IAT which was considered for network command traffic model. Based on the analyses we make the following observations and proposals.
Observation 1:  For CIoT device which does not have any latency requirements for network command, configuration of eDRX cycle according to the Inter-arrival-time is enough to minimise the false wake-up impact of UEs having different paging probability in same paging occasion.
Observation 2: For CIoT devices having same latency requirements, the CN can assign service-type for GWUS grouping based on the estimated IAT of network command for the devices to improve the false wake-up performance.
Observation 3: With inclusion of information related to paging probability such as periodic IAT for network command, solution based on service-type linked to paging probability is feasible with some further analysis in SA2 and CT1.

Observation 4: False wake-up performance of Paging service type based GWUS for UE with low paging probability is better than UE-ID based grouping for GWUS with slight increase in the false wake-up performance for UE with higher paging probability.

Observation 5: With TDM of GWUS transmission for paging service-type based GWUS improves the overall false wake-up performance across both service-type.

Proposal 1: RAN2 co-ordinate with SA2 on the possibility of including information related to paging probability in subscription information and deriving the paging service type based on the same.

Proposal 2: RAN2 co-ordinate with CT1 for NAS signaling impacts for inclusion of paging service type for UE capable of GWUS.

Proposal 3: Two level of sub grouping based on paging service type and UE ID should be supported for service based GWUS.

Proposal 4:  Configuration of GWUS sequence mapping to paging service type should be supported for flexible distribution of GWUS sequences across paging service-types. 

Proposal 5:  For UE not assigned with paging service type or not supporting paging service type based GWUS the UE-ID based GWUS will be applied with the GWUS resources of default GWUS resource set. 

Proposal 6: RAN2 further consider the TDM of GWUS transmission for service based GWUS.
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