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Abstract: This discussion paper explains how NWDAF can provide service experience/behavior analytics to a service consumer
1. Introduction
This discussion paper is proposed to ... 

The RFSP mechanism has been supported in the current specification. It can be beneficial for the PCF to derive suitable RFSP policy based on UEs behavior/service analytics data provided by NWDAF. Then the RFSP policy could be transferred to RAN via AMF to support radio resource management e.g. help RAN determine to redirect active mode UEs to different RATs or frequency layers.
2. Discussion
This discussion paper will explain how NWDAF can provide service experience/behavior analytics to a service consumer.
There are various services that operator could provide for consumers, for example, new services like AR and VR (cloud gaming), traditional service like voice service. These new services require higher uplink throughput than that traditional services require. Compared to 4G E-UTRAN, 5G NR with more bandwidth and lower latency could provide better service experience for users to use these new services. As for voice service, it will be fallback to 4G E-UTRAN when a user uses this service in the case of current network deployed by operators. Under this situation, doing RAT/frequency selection could maximize utilization of network resource and satisfy different service requirements of new and traditional services for consumers.
The statistics and prediction of service experience/behaviour aim to provide better service experience to consumers using services with different requirements. In order to illustrate the difference of service experience/behaviour and requirement through, we introduce three dimensions: time, location, user. 

a) Difference on time dimension: consumers use different services at different time slots during a day, which indicates services type and requirement for a consumer will change with time slot during a day. Then, for consumers, collect service usage at a start and end time of using a service, and service type and requirement in the duration. These statistics show services behaviour/experience of service usage of consumer in a day, and the statistics are used to predict future services behaviour/experience of consumers. 
b) Difference on location dimension: consumers use different services at different location types, such as CBD, residential area and school. These locations with different network coverage (coverage of 4G and 5G base stations in an area) may lead to different services experience for consumers. It needs to collect information about location type, and common service type and requirement in a specific location. 
c) Difference on user dimension: consumers with different service behaviours have different service requirements. It needs to do statistics and predict user category on usage change of a specific service or a group of essential services. 
User profile influences service behaviours of users, and different service behaviours have different requirements on network. To meet the requirements for user needs to do RAT/frequency selection which depends on different cases. Moreover, RAT or frequency selection is implemented by modifying RFSP policy. According to this, user profile has indirect association with RFSP policy.
	User type
	Time dimension (time stamp)
	location dimension (Area of interest)
	User profile

(career, user level, age, gender)
	Service behaviour

	A
	working time (9:00~17:00)

lunch break (12:00~14:00)
	transportation;

office building
	office worker; gold; 23; male
	voice and cloud gaming services

	B
	working time (9:00~17:00)
	studio; outdoors
	TV host; silver; 30; female
	4k live HD video and live HD video


Table-1: Assumption of user profile and service behaviour
	Service
	Uplink throughput rate
	Latency 
	Service MoS
	Reliability
	RAT
	Frequency 

	voice
	>5Mbps
	<150 ms
	>2
	99.9%
	4G 

E-UTRAN
	-

	Cloud gaming
	>30Mbps
	<70 ms
	>6
	99.9%
	5G NR
	NR-low 

	4k live HD news broadcast
	>50Mbps
	<50 ms
	>8
	99.99%
	5G NR
	NR-high

	Live HD interview
	>15Mbps
	<90ms
	>4
	99.9%
	5G NR
	NR-low 


Table-2: Requirements of different service
General user profile includes age, gender and career. The following examples illustrate how these user profile indirectly influences RFSP policy to do RAT/frequency selection.
User A: 
User profile and service behaviour: user A is an office worker and works in office building. Service behaviours of user A are using voice service (traditional service) during commuting time on transportation, and using cloud gaming service (new service) on lunch break in office building as listed in Table-1. As for voice service used on transportation, its feature is quick movement speed and requires uninterrupted and steady phone call. Compared to voice service, cloud gaming service requires higher uplink throughput rate and low latency as shown in Table-2.
Assumption: user A camps on 4G or 5G
In order to support service usage for user A, it needs to do RAT selection based on user profile. To meet the requirements of user A spending working time on phone calls as listed in Table-2, it needs to lead user A to 4G E-UTRAN or steer its current network to 4G E-UTRAN by modifying RFSP policy to do RAT selection. Because it will be fallback to 4G E-UTRAN when a user uses voice service in the case of current network deployed by operators. 
During lunch break in CBD where the 5G NR coverage could be enough to support cloud gaming service. To support cloud gaming service for consumer A during lunch break, it needs to lead user A to 5G NR with low frequency or steer its current network to 5G NR with low frequency by deriving RFSP policy to do frequency selection. Moreover, because of its gold user level in the Area of interest, user A will be at the top in the priority list to camp on 5G NR with low frequency when user A plays cloud gaming. 
User B: 
User profile and service behaviour: user B is a TV host. User B’s service behaviours are using 4K live HD news broadcast in studio and doing outfield interview during working time as listed in Table-1. 4K live HD video requires high uplink throughput rate, lower latency and higher reliability as shown in Table-2. 
Assumption: user B camps on 5G NR

In order to support service usage for user B, it suggests to do frequency selection based on user profile. When user B uses 4K live HD news broadcast in studio, it needs to lead user B to 5G NR with high frequency or steer its current network to 5G NR with high frequency by deriving RFSP policy to do frequency selection. This is because 5G NR with high frequency could support 4K live HD service well when user B uses the service in a specific area without moving between Area of interest. Moreover, poor coverage of high frequency could have less negative impact on network performance. As for outfield interview, user B moves among different Area of interest which requires network to have wider coverage. Then, it needs to lead user B to 5G NR with low frequency when doing outfield interview because 5G NR with low frequency has wider coverage than that of 5G NR with high frequency. Additionally, based on service behaviour of user B as described above, NWDAF outputs corresponding service behaviour/experience predictions in order to decrease latency due to steering frequency by leading user B to suitable network in advance.
The following description illustrates the progress of how NWDAF generates service behaviour/experience statistics and prediction based on collected information. 
1) For user A and user B, NWDAF collects usage and type of service on time and location dimension, respectively. Additionally, collect RAT and frequency information about which RAT or frequency user camps on in an observed period. 
2) Based on the collected information, NWDAF generates statistics on service behaviour and service experience of user A and user B as described above. Then, the output analytics could assist the PCF to derive suitable RFSP policy when the service usage changes in different dimensions. NWDAF also generates predictions of service behaviour and experience in order to predict requirements for user using services with the change of dimensions in future time. This kind of prediction could assist operators to arrange network resources for users in order to improve network performance and guarantee service experience, e.g. decrease the latency caused by steering RAT or frequency. 
Observation1 (about input of NWDAF): user profile influences service behaviour/experience statistics and prediction.
We observed in example of user A and user B that indicates that the service behaviours during working time are related with their career, age and gender. And in Table 6.4.2-2, clause 6.4.2, TS 23.288, the input data for NWDAF includes information about time stamp (i.e. time dimension) and Area of interest (i.e. location dimension), but miss the information of user profile (i.e. user dimension). Therefore, the input information could not be enough for NWDAF to generate suitable service behaviour/experience statistics and prediction without user profile.
Observation 2 (about output of NWDAF): service experience is related to RAT and frequency selection. We observed in example of user A and user B that indicates that the service experience is related to RAT and frequency selection. In Table 6.4.3-1, clause 6.4.3, TS 23.288, the service experience statistics generated by NWDAF miss the statistics of RAT type and frequency. 
3. Conclusion and proposal(s)
Based on the examples and the observations about the user profile and RAT/frequency selection, we conclude that user profile influences service behaviour/experience statistics and prediction, and service experience is related to RAT and frequency selection. In the case of current network, deriving suitable RFSP policy to do RAT/frequency selection for users is an essential issue to address, and NWDAF could assist to solve the problem by providing service experience statistics and prediction which includes RAT type and frequency. According to this, we proposed to:
1) Proposal 1: add user profile into the input of NWDAF to generate service 
2) Proposal 2: service experience statistics and predictions include the statistics and predictions of RAT type and frequency
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