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1. Introductions
In RAN #80, the new Rel-16 study item on NR UE power saving was approved [1]. One of the objectives is as follows.
1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving

(Note: existing UE capabilities are assumed for UE processing timeline)
i. Network and/or UE assistance information

ii. Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme

b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics

In this contribution, we discuss traffic modelling for UE adaptation to the traffic and UE power consumption characteristics. 
2. Traffic modelling for UE power saving
2.1. FTP like traffic
3 FTP models are proposed to be used for evaluation in 3GPP [2], i.e., FTP Model 1, FTP Model 2 and FTP Model 3. 
· For FTP Model 1, as shown in Figure 1 below, per cell traffic is generated by a Poisson distributed user arrival, and one packet is for one user. 
· On the contrary, for FTP Model 2, packets are generated per user. For each user, lots of packets are generated for each user. The reading time D is the time interval between end of download of previous file and the user request for the next file. 
· FTP Model 3 is based on FTP model 2 with the exception that packets for the same UE arrive according to a Poisson process with arrival rate 𝜆 and the transmission time of a packet is counted from the time instance it arrives in the queue. Ftp model 3 is more practical than ftp model 2, since there will be cases that multiple packets will be in buffer in real scenarios. 
As mentioned above, ftp model 2 and ftp model 3 are per user packet generating and they are more suitable for the evaluation of UE adaptation to the traffic and UE power consumption characteristics, compared with ftp model 1 which is per cell packet generating. Since ftp model 3 is more practical than ftp model 2, ftp Model 3 is recommended as one traffic model for power saving evaluation.
Proposal 1: FTP Model 3 is used as one traffic model for power saving evaluation. 
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Figure 1: Traffic generation of FTP Model 1
[image: image2.emf]Time

Per-user traffic

S

D


Figure 2: Traffic generation of FTP Model 2
2.2. VoIP
Characteristically, ftp models have large packet arrival, e.g., several seconds or hundreds of ms for web browsing. Traffic with small packet arrival also needs to be considered. VoIP is one of the popular traffic with small packet arrival interval, e.g., 20ms. The following table provides the typical parameters of the VoIP traffic that shall be assumed in the simulations. 
Table 1. Parameter for VoIP

	Parameter
	Characterization

	Codec 
	RTP AMR 12.2, Source rate 12.2 kbps

	Encoder frame length
	20 ms

	Voice activity factor (VAF)
	50% (c=0.01, d=0.99)

	SID payload
	Modelled
15 bytes (5Bytes + header)
SID packet every 160ms during silence

	Total voice payload on air interface
	40bytes (AMR 12.2)
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Figure 3: 2-state voice activity model
In the model, the probability of transitioning from state 1 (the active speech state) to state 0 (the inactive or silent state) while in state 1 is equal to 
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, while the probability of transitioning from state 0 to state 1 while in state 0 is 
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. The model is assumed updated at the speech encoder frame rate 
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 is the encoder frame duration (typically, 20ms). Other details of VoIP modeling can be find in [3].

Proposal 2: VoIP is used as one traffic model for power saving evaluation with the parameters in Table 1.
2.3. Gaming
Interactive real-time gaming is another traffic with small and random packet arrivals. KING GLORY is one popular game and some tests are carried out. The downlink packets size distribution and the downlink packets arrival distribution are illustrated in Figure 4 and Figure 5, respectively. The statistical characterization for DL UDP packets size is the Largest Extreme Value Distribution, also known as Fisher-Tippett Distribution. This is in line with NGMN observation in [4]. 
[image: image8.emf] , x is the packet size and fx is the probability of x.
a= 220 and b= 25.
Without loss of generality, the parameters for Fisher-Tippett Distribution can be configured by a= [200-300] and b=[20-30].
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Figure 4: Packets size distribution of online gaming

The packet arrival, i.e., the interval between two DL adjacent packets, is from 1ms to 110ms, as shown in Figure 5. Largest Extreme Value Distribution (also known as Fisher-Tippett Distribution) does not fit well for packet arrival, especially for packet arrivals of less than 60ms. By Fisher-Tippett Distribution, the probability of packet arrivals of less than 60ms is always 0. However, the test results show that there is about 0.4% probability for <60ms packet arrivals.
For packet arrival of <60ms, the probability is 0.4%, i.e., packet arrival for any value from 0 to 59ms has fixed 0.4% probability;
For packet arrival of >= 60ms, the probability is Fisher-Tippett Distribution, a= 66 and b=3.

Without loss of generality, a= [30-80] and b= [2-5] can be considered. 
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Figure 5: Packets arrival distribution of online gaming

Proposal 3: Interactive real-time gaming is used as one traffic model for power saving evaluation with parameters in Table 2.
Table 2. Parameter for gaming

	Parameter
	Statistical Characterization

	Packet arrival
	· For packet arrival of <60ms,  fixed probability of 0.4%, i.e., packet arrival for any value from 0 to 59ms has fixed 0.4% probability;

· For packet arrival of >= 60ms, Largest Extreme Value Distribution (also known as Fisher-Tippett distribution),

[image: image11.emf] ,x is the packet sarrival (in ms) and fx is the probability of x.

a= 66 and b= 3.

Without loss of generality, a= [30-80] and b= [2-5] can be considered.

Values for Fisher-Tippett distribution can be generated by the following procedure:

x = a – b ln (− ln y ), where y is drawn from a uniform distribution in the range [0,1]

	Packet size
	Largest Extreme Value Distribution (also known as Fisher-Tippett distribution):

[image: image12.emf], x is the packet size (in Bytes) and fx is the probability of x.

a= 220 and b= 25.

Without loss of generality, a= [200-300] and b=[20-30]

Values for Fisher-Tippett distribution can be generated by the following procedure:

x = a – b ln (− ln y ), where y is drawn from a uniform distribution in the range [0,1]


3. Conclusion

In this contribution, we discuss the traffic models for UE adaptation to the traffic and UE power consumption characteristic, and have the following proposals:
Proposal 1: FTP Model 3 is used as one traffic model for power saving evaluation. 
Proposal 2: VoIP is used as one traffic model for power saving evaluation with the parameters in Table 1.

Table 1. Parameter for VoIP

	Parameter
	Characterization

	Codec 
	RTP AMR 12.2, Source rate 12.2 kbps

	Encoder frame length
	20 ms

	Voice activity factor (VAF)
	50% (c=0.01, d=0.99)

	SID payload
	Modelled
15 bytes (5Bytes + header)
SID packet every 160ms during silence

	Total voice payload on air interface
	40bytes (AMR 12.2)


Proposal 3: Interactive real-time gaming is used as one traffic model for power saving evaluation with parameters in Table 2.
Table 2. Parameter for gaming
	Parameter
	Statistical Characterization

	Packet arrival
	· For packet arrival of <60ms,  fixed probability of 0.4%, i.e., packet arrival for any value from 0 to 59ms has fixed 0.4% probability;
· For packet arrival of >= 60ms, Largest Extreme Value Distribution (also known as Fisher-Tippett distribution),

[image: image13.emf] ,x is the packet sarrival (in ms) and fx is the probability of x.

a= 66 and b= 3.

Without loss of generality, a= [30-80] and b= [2-5] can be considered.
Values for Fisher-Tippett distribution can be generated by the following procedure:

x = a – b ln (− ln y ), where y is drawn from a uniform distribution in the range [0,1]

	Packet size
	Largest Extreme Value Distribution (also known as Fisher-Tippett distribution):

[image: image14.emf], x is the packet size (in Bytes) and fx is the probability of x.

a= 220 and b= 25.
Without loss of generality, a= [200-300] and b=[20-30]

Values for Fisher-Tippett distribution can be generated by the following procedure:

x = a – b ln (− ln y ), where y is drawn from a uniform distribution in the range [0,1]
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