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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 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 

Following are the agreements made in RAN2#105bis for GWUS

· Additional grouping based on DRX/eDRX is not supported.
· Coverage based grouping is not supported.

· Additional grouping based on gap is not supported.

· FFS whether number of groups can depend on gap duration.

In this document we further discuss the performance and feasibility of service-based grouping with service type mapped to paging probability.

2 Performance Analysis of Service based GWUS

In RAN2-105bis meeting, the false wake-up performance of service-type based GWUS with service type linked to paging probability and UE-ID based GWUS schemes are discussed. Following observations were made regarding the performance of service based GWUS which is linked to paging probability.
· While the GWUS sequence assignment based on service type improves the false wake-up performance for UE with lower paging probability, there will be slight increase in the false wake-ups for other UE types.

· The improvement on false wake-up performance depends on the UE distribution between different service types.

In this section, we further analyse the performance improvement for service based GWUS for different UE distributions and also possible ways to reduce the impacts to another UE.

For this analysis we consider exemplary scenario consists of 1000 UE mapped to single paging occasion with the average number of network commands per day for different types of UE given in below table. Below traffic profile is taken as example to illustrate the performance difference. The performance improvement observed for this scenario will be also applicable with different values of network command for other types of UE.
	UE Type
	Average number of network commands per day 

	Low Paging Probability UE (Inter Arrival Time: 24 HR)
	1 

	High Paging Probability UE (Inter Arrival Time : 1HR)
	24


With the above Inter arrival time assumption for two types of UE, the false wake up performance for both types of UE for UE-ID based GWUS and service based GWUS is given in the below Figure for different UE distribution ratio across each of the types. For this analysis following configuration is assumed for GWUS assignment.

· Total number of GWUS Sequences = 8

· Number of GWUS sequences for each service type : Proportional to the percentage of each service type.

The false wake-up ratio is calculated as the ratio between false-wake-up to the actual-wake-up where the UE receives valid paging for it.
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Figure 1: False Wake-Up Performance Comparison for different GWUS schemes 
Based on the above analysis, it is evident that the service based GWUS improves the paging reception performance for UE with low paging probability significantly with the minimum improvement of more than 90% compared to UE-ID based GWUS. At the same time, there is slight negative impact for other UE with higher paging probability. But the increase in paging reception for these UE are within 50%.
Observation 1 : Service based GWUS improves the false wake-up performance for Low paging probability very significantly compared to UE-ID based GWUS independent of UE distribution ratio.
Observation 2: Service based GWUS impacts the false wake-up performance for high paging probability UE. But the impact is within 50% compared to the UE-ID based Grouping.
The impact to the UE with high paging probability can be reduced further if the number of GWUS sequences allocated for low paging probability is fixed to lower number irrespective of UE distribution for low paging probability UE.

The false wake-up performance comparison for both types of UE with fixed GWUS sequences reserved for low paging probability UE are given in below Figures. In this case the number of GWUS sequences assigned for low probability UE is set to 2 for all UE distribution scenarios.

[image: image2]
Figure 2: False Wake-Up Performance Comparison with fixed GWUS resource allocation

As per the above analysis, with maximum number of GWUS sequences reserved for UE with higher paging probability with few (one or two ) sequences for low probability UE, the paging reception performance impact for other UE is reduced with the impact percentage limited within 20%.
Observation 3: The service based GWUS scheme can improve the paging reception performance for low paging probability UE with minimum impact to other UE with fixed GWUS resource allocation between the service types.
As RAN2 is responsible for assignment of GWUS sequence to the UE based on UE-ID type and service-type, with proper configuration of GWUS sequence mapping it is possible to maximise the paging reception performance for service-type based GWUS with minimum impacts to other UE. With configurable mapping of GWUS sequences based on UE-ID and service type, it is also possible to control the performance according to the actual UE distribution.

Hence we propose that service based GWUS with service type mapped to paging-probability should be supported in addition to UE-ID based GWUS. 

Proposal 1: Service based GWUS with service type mapped to paging probability is supported in addition to UE-ID based GWUS.

When service based GWUS is configuration is supported, the RRC configuration for service based GWUS supports mapping of group of GWUS sequence for each service type. Within the list of GWUS sequences for each service-type, the GWUS for UE is assigned based on UE-ID. With this configuration, it should be possible to increase or decrease the number of UE assigned for each service type depending on the actual paging reception performance of the scheme.
Alternatively, the ENB can configure one set of GWUS sequences for all the UE including the UE which does not indicate low paging probability, with another set consists of few GWUS sequences for low paging probability UE. In this case, the group with a greater number of GWUS sequences are also refered for UE-ID based paging for the UE which does not support service based GWUS.

Proposal 2: When service based GWUS is supported, GWUS Configuration may include list of GWUS sequences for each service type.

3 Feasibility of Service based GWUS
The paging probability associated with the UE can be determined based on the following attributes of the UE subscription or its traffic profile.
· If the device supports, network-initiated data transmission the paging probability can be determined by the inter arrival time or the frequency of network-initiated data transmission. This information can be obtained from UE subscription information.

· Alternatively, if the UE does not support network initiated data transmission (i.e MO only type of UE), the paging probability is low and applicable only for receiving application level acknowledgement for the MO traffic. This information also can be obtained from the subscription information at core network.

MME can deduce the service-type for GWUS based on above information and also inform the service type towards UE via NAS signaling towards UE capable of GWUS reception. The same information can also be included in the S1-Paging message towards ENB so that ENB can assign the right GWUS sequence prior to sending the paging for this UE.

Observation 3: From RAN2 point of view it is feasible to deduce the service type based on paging probability at MME based on subscription information of UE regarding its support for network-initiated data transmission.
Proposal 3: RAN2 send LS to SA2 to analyse the possibility of inclusion of single bit value of service-type indicating the paging probability.

Proposal 4: RAN2 send LS to CT1 for inclusion of the service type information as part of NAS signaling towards UE capable of GWUS reception.

4 Summary

We analyse the performance of service based GWUS with service type linked to paging probability against the UE-ID based GWUS for exemplary traffic model for low probability and high probability UE. We also analyse the feasibility related to changes required in other network elements to support service based GWUS. Based on the analysis we make the following observations and proposals.

Observation 1: Service based GWUS improves the false wake-up performance for Low paging probability significantly compared to UE-ID based GWUS for all UE distribution ratios.

Observation 2: Service based GWUS impacts the false wake-up performance for high paging probability UE. But the impact is within 50% compared to the UE-ID based Grouping.

Observation 3: The service based GWUS scheme can improve the paging reception performance for low paging probability UE with minimum impact to other UE with fixed GWUS resource allocation between the service types.
Proposal 1: Service based GWUS with service type mapped to paging probability is supported in addition to UE-ID based GWUS.

Proposal 2: When service based GWUS is supported, GWUS Configuration includes list of GWUS sequences for each service type.

Observation 3: From RAN2 point of view it is feasible to deduce the service type based on paging probability at MME based on subscription information of UE regarding its support for network-initiated data transmission.
Proposal 3: RAN2 send LS to SA2 to analyse the possibility of inclusion of single bit value of service-type indicating the paging probability.

Proposal 4: RAN2 send LS to CT1 for inclusion of the service type information as part of NAS signaling towards UE capable of GWUS reception.
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