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1. Introduction

Regarding the data transmission in inactive state, two solution directions (i.e. Solution A and B) are discussed under email discussions [1] [2]. In this contribution, we consider a Solution C (which is used as the baseline), in which the UE transmits data in uplink after it enters RRC_CONNECTED state. In order to compare the performance among these solutions, we give some quantitative analysis results on the data transmission procedures of Solution A/B/C, in terms of signalling overhead/data transmission latency/UE power consumption.

2. Analytical analysis for each transmission
Evaluation assumptions and metrics
Both simulation and quantitative analysis method are used to evaluate the solutions. 

As for quantitative analysis, the delay from UL data arrival to the transmission completion, the signaling overhead and UE power consumption is calculated for each procedure listed in annex as the basic data. The procedure 1 to procedure 6 also acts as the build-in function blocks for each solution. For example, procedure 1 and procedure 2 are applied for solution A for different data size.

As for the simulation, traffic models of light background traffic and heavy background traffic are used respectively for all solutions (Annex C). These 2 traffic models are from 3GPP 36.822, section 4.2, trace 28 and trace 33 respectively. 

The assumptions of the simulation are listed in annex A to annex D of this contribution.
For evaluating the simulation, three metrics are used:
Table 2-1. Metrics for evaluation

	Metrics
	Meaning

	Average delay for transmitting UL data (ms)
	Average delay = total delay / total data packet number.

Note: The transmission delay of a UL data packet is counted from the UL data packet arrival to the transmission completion for that data packet

	Average signaling overhead ratio (µJ)
	Average signaling overhead ratio = total signaling overhead / (total signaling overhead + total UL data size)

	Average UE power consumption (percent)
	Average UE power consumption = total UE power consumption / simulation duration
Note: The total UE power consumption includes the power consumption when UE is in both RRC_INACTIVE and RRC_CONNECTED


Description of evaluated solutions
Solution A is grant-free transmission based solution for UL data transmission in RRC_INACTIVE state. In solution A, a threshold is set to choose the transmission scheme. If UL buffer size is smaller than this threshold, the UL data will be transmitted with grant-free transmission, i.e. UL data and UE-ID is transmitted together via non-orthogonal multiple access method, as described in procedure 1 in annex D. If UL data buffer size is larger than this threshold, an additional BSR is indicated in former step. The network side replies with C_RNTI, UL grant and TA adjustment in the DL signaling. Thus the rest part of UL data is transmitted with the assigned UL grant. The detailed procedure is described in procedure 2 in annex D. This solution assumes the networks side can estimate the UL time difference by decoding non-orthogonal multiple access code sent by UE.
Solution B combines the RACH based transmission scheme and grant-based UL transmission in RRC_CONNECTED. In solution B, a threshold is also configured. If UL data buffer size is smaller than this threshold, a 4 step RACH based transmission is used, i.e. UL data is transmitted in message 3 along with RRC resume request message. The network will not transits the UE into RRC_CONNECTED, i.e. a RRC resume reject is indicated to UE in message 6 to suspend UE into RRC_INACTIVE. The details of option B is described in procedure 3 in annex D. If UL data buffer size is larger than the threshold, UE is transit to RRC_CONNECTED. This procedure is described as procedure 5 in annex D. 
Solution C applies the legacy grant-based scheduling of LTE. In solution C, when UL data arrives, the UE is transited into RRC_CONNECTED from RRC_INACTIVE via RRC resume procedure. UL data is transmitted via message 5 along with RRC resume complete message, i.e. procedure 5 is applied. 
In all solutions mentioned above, when UE is maintained in RRC_CONNECTED before inactive timer times out, the following arrived UL data is transmitted by grant-based scheduling, described as procedure 6.
Following table summarizes these 3 solutions.
Table 2-2. Summary of solutions
	Solution\condition
	solution A
	solution B
	solution C

	UL buffer size 
< threshold
	Grant-free transmission,

apply procedure 1
	4 step RACH based transmission,

apply procedure 3
	No threshold.

UE initiate RRC resume to transit into RRC_CON,

apply procedure 5

	UL buffer size
 > threshold
	UL grant based transmission after grant-free transmission,

apply procedure 2
	UE initiate RRC resume to transit into RRC_CON,

apply procedure 5
	

	Data arrival when UE is in RRC_CONNECTED
	-
	Grant-based UL scheduling,

apply procedure 6
	Grant-based UL scheduling,

apply procedure 6


Simulation results for light background traffic model
The inactive timer for solution B and solution C are configured to 5 seconds. Following table summarizes the results for light background traffic model.

Table 2-3. Simulation results of light background 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.
Observation 1: For light background traffic model, the average UL data transmission delay of solution C is much bigger than that of solution A due to large number of RRC state transitions.

The average signaling overhead ratio of these 3 solutions are 15%, 47% 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. One reason for this difference is that there are 16% packets length of light background traffic model is larger than the threshold and the UE transits to RRC_CONNECTED for these packets. As we provide the analysis in annex D for procedure 5, the signaling overhead for transition to RRC_CONNECTED is 67 bytes, while signaling overhead of procedure 1 and 2 are 5 and 14 bytes respectively. 
Another reason is that the signaling overhead of procedure 3 applied by solution B for data smaller than threshold, is much larger than that of procedure 1 and 2 which is applied by solution A. Signaling overhead of procedure 3 and procedure 5 is 31 bytes and 67 bytes respectively, while for procedure 1 and 2, only 5 and 14 bytes.

The similar reasons can explain the even larger signaling overhead ratio of solution C.
Observation 2: For light background traffic model, the average signaling overhead ratio is significantly reduced for Solution A due to appliance of grant-free transmission.
Regarding the UE power consumption, solution C performs the worst and solution A performs the 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 respectively. This significant difference is caused by the power consumption when UE is kept in 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.
Observation 3: For light background traffic model, UE power consumption can be reduced greatly if UE are always kept in RRC_INACTIVE and transmit small UL data in RRC_INACTIVE state.
Simulation results for heavy background traffic model
The inactive timer for solution B and solution C are configured to 5 seconds.
Following table summarizes the results for heavy background traffic model.
Table 2-4. Simulation results of heavy background 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 background 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 background 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 background traffic. This is because there are more packets whose sizes are larger than light background traffic, thus more procedure 2 are applied compared to that in light background traffic model.
Observation 4: For heavy background traffic model, the average transmission delays for solution C is at the same level as other solutions because more data packets are transmitted when UE is in RRC_CONNECTED.
The average signaling overhead ratio of these 3 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 background traffic, there are much more chances to transmit UL data when UE is kept in RRC_CONNECTED, i.e. much more chances for appliance of procedure 6.  As analyzed in the annex D, both signaling overhead and delay of procedure 6 are smaller than that of other procedures.
Observation 5: For heavy background traffic model, keeping UE in RRC_CONNECTED before inactive timer expiry reduces the signaling overhead ratio for solution B and solution C.
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 those 2 solutions 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. 
Observation 6: For solution B and solution C, UL data transmission delay and/or signaling overhead ratio is reduced at the cost of average UE power consumption.
2.1. Summary and analysis
From the simulation results for both light background traffic model and heavy background traffic model, we can observe following phenomenon.
Solution A performs stable and best among three solutions for both light background traffic and heavy background traffic. All three metrics are balanced. Because the signaling overhead and UL data transmission reduction is not achieved by maintaining UE in RRC_CONNECTED, none of the three metrics for this solution needs to be sacrificed to improve one or two of the other metrics.

Solution C performance is the worst of all solutions. For light background traffic with long packet arrival interval and small data size, the signaling overhead ratio and/or UE power consumption is much higher than solution A and solution B. while for heavy background traffic with smaller packet arrival interval, the UL data transmission delay and signaling overhead ratio reduced. But the cost is UE power consumption increase tremendously. As analyzed in this contribution, it’s difficult, if not impossible for option C to balance both UE power consumption and signaling overhead when different traffic model is applied.
Solution B performance is better than solution C, but still not comparable with solution A. For light background traffic model, solution B has much bigger signaling overhead due to the signaling overhead when apply procedure 3, i.e. transmitting UL data along with message 3. For both light background traffic and heavy background traffic model, the UE power consumption is much bigger than that of solution A due to the power consumption when UE is kept in RRC_CONNECTED mode.
 It’s also noticed that when we set the inactive timer to 0 for solution B in light background traffic model simulation, although UE power consumption is reduced to the same level of solution A, the signaling overhead is still kept as three times as that of solution A. This is because the signaling overhead of procedure 3 applied for solution B is much bigger than that of procedure 1 and 2 which are applied for solution A.
Observation 7: The performance of Solution A is stable and best for both light background traffic and heavy background traffic model. One or two of the metrics of solution B and C degrades compared to solution A for both light background traffic and heavy background traffic model.
Thus we propose:

Proposal 1: For the light/heavy background traffic used in this contribution, it is proposed to use solution A as the UL data transmission scheme in INACTIVE.
3. Conclusion
From the simulation for light background traffic model, we can observe: 
Observation 1: For light background traffic model, the average UL data transmission delay of solution C is much bigger than that of solution A due to large number of RRC state transitions.

Observation 2: For light background traffic model, the average signaling overhead ratio is significantly reduced for Solution A due to appliance of grant-free transmission.

Observation 3: For light background traffic model, UE power consumption can be reduced greatly if UE are always kept in RRC_INACTIVE and transmit small UL data in RRC_INACTIVE state.
From the simulation for heavy background traffic model, we can observe:
Observation 4: For heavy background traffic model, the average transmission delays for solution C is at the same level as other solutions because more data packets are transmitted when UE is in RRC_CONNECTED.
Observation 5: For heavy background traffic model, keeping UE in RRC_CONNECTED before inactive timer expiry reduces the signaling overhead ratio for solution B and solution C.
Observation 6: For solution B and solution C, UL data transmission delay and/or signaling overhead ratio is reduced at the cost of average UE power consumption.
And after combining the results of light background traffic simulation and heavy background traffic simulation, we can observe:

Observation 7: The performance of Solution A is stable and best for both light background traffic and heavy background traffic model. One or two of the metrics of solution B and C degrades compared to solution A for both light background traffic and heavy background traffic model.

From the all observation and analysis in chapter 2, we propose:

Proposal 1: For the light/heavy background traffic used in this contribution, it is proposed to use solution A as the UL data transmission scheme in INACTIVE.
Proposal 2: To capture the text proposal representing the simulation results in R2-1700352 in TR 36.804.
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5. Annex
Annex A: Assumption of UE power consumption

The following table gives the power consumption assumption for the time period of 1ms.
Table A-1, UE power consumption
	Power consumptions
	Value (mW)

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

	P-tx, for 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. 
The DRX configuration:

· DRX configuration during RRC CONNECTED state: 32ms with 2ms on duration.
· DRX configuration during INACTIVE state: 640ms with 1ms paging occasion.
Annex B: 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 B-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
	


Annex C: Assumption of Traffic Model

There are two traffic models are used in this evaluation according to 3GPP 36.822, section 4.2, trace 28 and trace 33.

1. Light background traffic model, trace 28 of 3GPP 36.822, section 4.2
The average data size = 38 Bytes.

The average data arrival interval = 15.8s
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Figure C-1, the UL data inter arrival time for light background traffic
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Figure C-2, UL data packet size for light background traffic
2. Heavy background traffic model, trace 33 of 3GPP 36.822, section 4.2
The average data size = 74 Bytes.

The average data arrival interval = 1s
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Figure C-3, UL data packet inter-arrival time for heavy background traffic
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Figure C-4, UL data packet size for heavy background traffic
Annex D: The procedure building blocks

This annex provides the delay, signaling overhead and UE power consumption in each basic procedure. The solutions evaluate in this contribution are composed by one of several of these procedures.

The delay of each procedure is the delay from procedure start to finish of UL data transmission. The signaling overhead and UE power consumption include all necessary steps to finish a procedure. 

Procedure 1 (non-orthogonal multiple access, one shot):
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Figure D-1, flow chart of procedure 1

Table D-1, Delay/signalling/UE power consumption of procedure 1
	step
	Message/data
	Signalling overhead (BYTE)
	UL data TX Delay(ms)
	UE Consumed power(µJ)

	1
	Before UL transmission
	
	2
	

	2
	UL transmission with data + UE-ID
	5*
	2
	400

	3
	processing delay in gNB(L2)
	
	
	

	4
	ACK reception**
	
	
	20

	5
	UE processing delay(L2)
	
	
	10

	
	
	
	
	

	
	SUM
	5
	1
	430


Procedure 2 (non-orthogonal multiple access, more than one shot):
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Figure D-2, flow chart of procedure 2
Table D-2, Delay/signalling/UE power consumption of procedure 2
	Step
	Message/data
	Signalling overhead (BYTE)
	UL data TX Delay(ms)
	UE Consumed power(µJ)

	1
	Before UL transmission
	
	2
	

	2
	short BSR+UL transmission with data + UE-ID
	2+5
	2
	400

	3
	processing delay in gNB (L2)
	
	0.5
	

	4
	ACK reception (C_RNTI+UL-GRANT+TA)
	7
	0.5
	20

	5
	UE processing delay(L2)

(decoding of scheduling grant, timing alignment and C_RNTI assignment)
	
	1.25
	12.5

	6
	UE transmit with data**
	
	0.5
	100

	7
	processing delay in gNB(L2)
	
	
	

	8
	ACK reception**
	
	
	20

	9
	UE processing delay(L2)
	
	
	10

	
	
	
	
	

	
	SUM
	14
	6.75
	562.5


Procedure 3 (solution B, data in message 3 only i.e. one shot):
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Figure D-3, flow chart of procedure 3
Table D-3, Delay/signalling/UE power consumption of procedure 3
	step
	Message/data
	Signalling overhead (BYTE)
	UL data TX Delay(ms)
	UE Consumed power(µJ)

	1
	Before preamble transmission
	
	0.5ms

(PRACH cycle = 2 TTI)
	

	2
	Preamble transmission
	
	0.
	100

	3
	processing delay in gNB (L2)
	
	1.5
	

	4
	PDCCH+ RAR (C_RNTI+UL-GRANT+TA)
	8
	0.5
	20

	5
	UE processing delay (L2) (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRCConnectionResumeRequest)
	
	1.25
	12.5

	6
	UL transmission with data +RRC RESUME REQ
	11
	0.5
	100

	7
	processing delay in gNB(L2 and RRC)
	
	
	

	8
	PDCCH+ Contention resolution MAC CE+  DL transmission with RRC RESUME REJECT
	7+5
	
	20

	9
	UE processing delay (L2 and RRC)
	
	
	30

	
	
	
	
	

	
	SUM
	31
	4.75
	282.5


Procedure 4 (solution B, data in message 3 and after message 4):
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Figure D-4, flow chart of procedure 4
Table D-4, Delay/signalling/UE power consumption of procedure 4
	step
	Message/data
	Signalling overhead (BYTE)
	UL data TX Delay(ms)
	UE Consumed power(µJ)

	1
	Before preamble transmission
	
	0.5
	

	2
	Preamble transmission
	
	0.5
	100

	3
	processing delay in gNB(3TTI)
	
	1.5
	

	4
	PDCCH+ RAR (C_RNTI+UL-GRANT+TA)
	8
	0.5
	20

	5
	UE processing delay
decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRCConnectionResumeRequest
	
	1.25
	12.5

	6
	UL transmission with data +BSR+RRC RESUME REQ
	2+11
	0.5
	100

	7
	processing delay in gNB (L2+RRC)
	
	1
	

	8
	PDCCH+ Contention resolution MAC CE+  DL transmission with RRC RESUME REQ ACK
	7+26
	0.5
	20

	9
	UE processing delay(L2+RRC)
	
	3
	30

	10
	PDCCH (UL-GRANT)
	
	0.5
	20

	11
	UE processing delay(L2)
	
	1
	10

	12
	Data transmission+ RRC RESUME COMP
	6
	0.5
	100

	13
	gNB processing delay (L2+RRC)
	
	
	

	14
	RRC CON RELEASE
	7
	
	20

	15
	UE processing delay(L2+RRC)
	
	
	30

	
	
	
	
	

	
	SUM
	67
	10.75
	462.5


Procedure 5 (solution C, UL data is transmitted only after message 4)
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Figure D-5, flow chart of procedure 5
Table D-5, Delay/signalling/UE power consumption of procedure 5
	Step
	Message/data
	Signalling overhead (BYTE)
	UL data TX Delay(ms)
	UE Consumed power(µJ)

	1
	Before preamble transmission
	
	0.5
	

	2
	Preamble transmission
	
	0.5
	100

	3
	processing delay in gNB
	
	1.5
	

	4
	PDCCH+ RAR (C_RNTI+UL-GRANT+TA)
	8
	0.5
	20

	5
	UE processing delay
decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRCConnectionResumeRequest
	
	1.25
	12.5

	6
	UL transmission with BSR+RRC RESUME REQ
	2+11
	0.5
	100

	7
	processing delay in gNB (L2+RRC)
	
	1
	

	8
	PDCCH+ Contention resolution MAC CE+  DL transmission with RRC RESUME REQ ACK
	7+26
	0.5
	20

	9
	UE processing delay (L2 + RRC)
	
	3
	30

	10
	PDCCH (UL-GRANT)
	
	0.5
	20

	11
	UE processing delay (L2)
	
	1
	10

	12
	Data transmission+ RRC RESUME COMP
	6
	0.5
	100

	13
	gNB processing delay(L2+RRC)
	
	
	

	14
	RRC CON RELEASE
	7
	
	20

	15
	UE processing delay (L2+RRC)
	
	
	30

	
	
	
	
	

	
	SUM
	67
	11.25
	462.5


Procedure 6 (data arrives when UE is in RRC CONNECTED state):
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Figure D-6, flow chart of procedure 6
Table D-6, Delay/signalling/UE power consumption of procedure 6
	step
	Message/data
	Signalling overhead (BYTE)
	UL data TX Delay(ms)
	UE Consumed power(µJ)

	1
	Before sending SR
	
	0.5
	

	2
	Sending SR
	
	0.5
	100

	3
	processing delay in gNB (L2)
	
	0.5
	

	4
	PDCCH (UL-GRANT)
	
	0.5
	20

	5
	UE processing delay (L2)
	
	1
	10

	6
	Data transmission+ BSR
	2
	0.5
	100

	7
	PDCCH (UL-GRANT)
	
	0.5
	20

	8
	UE processing delay (L2)
	
	1
	10

	9
	UL Data transmission
	
	0.5
	100

	
	
	
	
	

	
	SUM
	2
	5.5
	360
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