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1 Introduction

This paper provides a text proposal to TR 38.804 on performance evaluation for NR based on the simulation results in [1]. 
2 TP on performance evaluation for TR
17
Performance evaluation
Editor’s note: intended to capture the results of performance evaluations of the NR protocol design, specifically UP and CP latency evaluation.
17.1 Grant-free transmission
Following table describes the 3 solutions which are compared in following performance evaluation.

Table 17.1-1:
Descriptions of solutions which are compared in performance evaluation

	
	solution A
	solution B
	solution C

	UL buffer size 

< threshold
	Grant-free transmission
	4 step RACH based transmission
	No threshold used.

UE initiate RRC resume to transit into RRC_CON

	UL buffer size

 > threshold
	UL grant based transmission after grant-free transmission
	UE initiate RRC resume to transit into RRC_CON
	

	Data arrival when UE is in RRC_CONNECTED
	N/A
	Grant scheduled
	Grant scheduled


Simulation results for light traffic model

The trace-28 of light-background in TR36.822 is used as the light traffic model of this evaluation.
The inactive timer for solution B and solution C are configured to 5 seconds.
Following table summarizes the results for light traffic model.
Table 17.1-2: Performance comparison of solutions in light traffic model
	Solution \
Statistics
	Solution A
	solution B
	Solution C

	Average delay for UL data transmission (ms)
	4.4
	5.9
	9.1

	Average signaling overhead ratio (percentage)
	15%
	47%
	53%

	average power consumption per second (µJ)
	47
	209
	677


With the assumption of TTI (0.5ms) and UE/gNB processing latency, the average UL data transmission delays of solution A and B are smaller than solution C. It’s straight forward for option A because only grant-free transmission scheme is applied. As for solution B, the small average UL data transmission delay is due to large ratio of packets size is smaller than the threshold and these packets are transmitted with grant-free transmission or RACH based transmission. For option C, because over 60% packet arrival interval is larger than inactive timer (5s), only less than 40% packets are transmitted when UE is kept in RRC_CONNECTED. Thus the average UL data transmission delay of solution C is almost twice of solution A.

The average signaling overhead ratio of these 3 solutions are 15%, 50% and 53% respectively. Solution A has the smallest signaling overhead ratio. The signaling overhead ratio of solution B is almost over three times of that of solution A. The main reason for this difference is that there are 16% packets length of light traffic model is larger than the threshold and the UE transits to RRC_CONNECTED for these packets. 
Regarding the UE power consumption, solution C performs the worst and solution A best. The average UE power consumption per second of option C and option B is about 4 times and over 10 times bigger than that of solution A. This significant difference is caused by the power consumption when UE is kept is RRC_CONNECTED. For both solution B and solution C, UE may be kept in RRC_CONNECTED before inactive timer times out. The power consumed when UE is kept in RRC_CONNECTED is significant compared to UE is kept in RRC_INACTIVE even if the RRC_CONNECTED DRX is configured.
One may say the power consumption can be reduced with a shorter inactive timer. But with a shorter inactive timer, the signaling overhead will increase because there are less data to be transmitted in RRC_CONNECTED state. In other words it’s difficult, if not impossible, to reduce the UE power consumption and signaling overhead at the same time.
Simulation results for heavy traffic model

The trace-33 of heavy-background in TR36.822 is used as the heavy traffic model of this evaluation.
The inactive timer for solution B and solution C are configured to 5 seconds.
Following table summarizes the results for heavy traffic model.
Table 17.1-2: Performance comparison of solutions in heavy traffic model
	Solution \
statistics
	Solution A

	Solution B
	Solution C

	Average delay for UL data transmission (ms)
	5.2
	5.8
	5.9

	Average signaling overhead ratio (percentage)
	11%
	9%
	7%

	Average power consumption per second (µJ)
	321
	2,110
	2,142


For heavy traffic model, the average UL data transmission delays of these 3 solutions are almost the same. This value of option C is reduced because the average packet arrival interval is much smaller than that in light traffic, thus most data are transmitted when UE is kept in RRC_CONNECTED state. While for option A, the UL data transmission delay is increase slightly compared to that for light traffic. This is because there are more packets whose sizes are larger than light traffic which cause more packets need to finished by more than one grant-free transmissions.
The average signaling overhead ratio of these 4 solutions are 11%,  9% and 7% respectively. The similar reason as provided for average UL data transmission delay can be also applied for the change of average signaling overhead ratio. Because the packet arrival interval is much smaller than that in light traffic, there are much more chances to transmit UL data when UE is kept in RRC_CONNECTED.
Although the average signaling overhead ratio and average UL data transmission delay of solution B and solution C performs the same or even slightly better than solution A, the average UE power consumption of solution B and C are almost 6 times larger than solution A. The reason is the contradiction of means to balance signaling overhead/transmission delay and UE power consumption. The longer to keep UE in RRC_CONNECTED, the less signaling overhead and UL data transmission delay can be achieved with the cost of more UE power consumption. 
Annex D:
Evaluation assumptions of grant-free transmission
D.1 Assumption of UE power consumption
The following table gives the power consumption assumption for the time period of 1ms.

Table D.1-1, UE power consumption
	Power consumptions
	Value (mW)

	P-tx (pusch, pucch, preamble) 
	200(23dBm)

	P-tx, non-orthogonal multiple access
	100(20dBm)

	P-rx (pdsch, pdcch) 
	40

	Connected state active: 
· no data Tx/Rx,
· continuously PDCCH monitoring;
· SRS transmitting
· Measurement
· Paging monitoring
i.e. it’s the power-consumption in onduration-drx
	48


	Connected state sleep:
· no data Tx/Rx
· no PDCCH monitoring;
· no measurement, no SRS
· no paging monitoring
i.e. it’s the power-consumption in inactive-drx
	0.01


	Idle active:
· measurement

· paging monitoring
	20

	Idle sleep: 
Including power consumed for clock and memory maintaining, leakage current.
	0.01


	UE baseband processing
	10


Note: in the following statistics, µJ is used to represent the power consumption, where 1µJ =1mW*1ms, 1J=1W*1s. 
D.2 Assumption of processing delay and configuration
· Assume the TTI = 0.5 ms
· Solution A resource cycle = 8 TTI
· Solution A time scale resource = 4 TTI
· PRACH cycle = 2 TTI
· SR cycle = 2 TTI
The following processing delay is assumed according to [3].
· The delay from receiving RAR after sending preamble in 3 subframes (3 TTIs)

· In addition, it was decided in the previous RAN meetings that there would be enhanced base stations for next generation radio systems. It is assumed that the next generation gNB or more precisely gNB will have greater processing capabilities. Consequently, requiring an increase in the processing speed of the UE to match the fast processing pace of the gNB.

· Considering the greater and faster processing capabilities of gNB and UE, 75% reduction in the processing delay can be assumed for NR
Table D.2-1, summary of processing delay in UE/gNB
	Items
	Processing delay(ms)
	Notes

	UE processing delay (L2)
	1
	0.75 shorter than in LTE

	UE processing delay(L2 and RRC)
	3
	

	gNB processing delay(L2)
	0.5
	

	gNB processing delay(L2 and RRC)
	1
	

	gNB processing(Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	3 TTI

	= 1.5ms when assume TTI is 0.5ms

	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request)
	1.25
	


D.3 Assumption of Traffic Model
There are two traffic models are used in this evaluation according to 3GPP 36.822, section 4.2, trace 28.
1. Light traffic model
The average data size = 38 Bytes.
The average data arrival interval = 15.8s
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Figure D.3-1, the inter arrival time for light traffic
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Figure D.3-2, Packet size for light traffic

2. Heavy traffic model
The average data size = 74 Bytes.
The average data arrival interval = 1s
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Figure D.3-3, packet inter-arrival time for heavy traffic
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Figure D.3-4, packet size for heavy traffic

Annex E:
Change history
3 Conclusion

Proposal 1 Adopt the text proposal in section 2 in TR 38.804. 
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