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1. Introduction
In the RAN2#76 meeting, many companies had submitted lots of simulation results on RRC signalling overhead concerning IM traffic and Background traffic and the agreed initial suggestion was:
=>
Evaluations should consider the 4 strategies: (a) Full Connected-DRX, (b) Network based dormancy timer, (c) UE initated dormancy (Note that UE init dormancy is not supported by LTE), (d) Mobility based network initiated dormancy

In this contribution these above 4 strategies will be further analysed and compared. Some further simulation results about strategy (b) and strategy (d) will be presented to give a reference for eNB’s implementation. Finally our point of view about IM and background traffic handling and further evaluation will be proposed.
2. Analysis and Comparison

IM traffic and background traffic has been identified as a high priority in DDA WI. IM traffic and background traffic are both characterized by long period of inactivity along with relatively short bursts of activity. In the last meetings, lots of evaluations and simulation results focused on how to decide the RRC mode of a UE with IM or background traffic from the tradeoff perspective of system overhead and UE’s experience. The basic 4 strategies are concluded as followings:
a) Full Connected-DRX
This solution means that UE with IM or background traffic will always stay in RRC-Connected mode with the proper DRX configuration. This solution is a simple and baseline reference solution. Other solution can be compared to this solution for the benefit evaluation.
The merits are:

· UE’s always-on experience seems to have the guarantee;

· RRC signaling overhead on mode transfer is avoided completely. 
The demerits are:

· The increased power consumption;

· The increased dedicated resource overhead (e.g. PUCCH and the number of RRC connections under a cell);

· The increased handover signaling overhead compared to IDLE mode.

Especially for a high-speed UE, full connected-DRX solution will result in a rapid increase on handover signaling overhead, which could be even more than RRC connection overhead due to frequency mode transfer in 60km/h ~ 120km/h cases. Additionally, long DRX cycle needs to configure for power saving in full connect mode. For a high-speed UE, long DRX cycle may increase the probability of handover failure or RLF. Hence Full Connected-DRX solution is not suitable for high speed cases.
To sum up, Full connected-DRX mechanism is the baseline reference solution but may not be used for high speed cases.
b) Network based dormancy timer mechanism

This solution means eNB may release a UE to enter IDLE mode after UE keeps a pre-defined period of inactivity. The pre-defined value is related with traffic characteristics and UE’s speed. The merits and the demerits of this solution are almost the converse of full connected-DRX solution. 

According to [1], for a high-speed UE, network based dormancy solution may reduce the overall RRC signaling overhead and power consumption and dedicated resource overhead. But for a low-speed UE, high frequency mode transfer will result in a rapid increase on RRC signaling overhead along with the reduction of the dormancy timer. In general, a low-speed UE needs a long dormancy timer even an infinite timer for a moveless UE. The higher speed UE may need the shorter timer.
To sum up, Different dormancy timer configuration based on different speed can be considered for IM and background traffic.
c) UE initiated dormancy
This solution assumes UE initiates dormancy immediately if it knows that no traffic is expected in the next N seconds. But it is not confirmed whether UE has good knowledge of the expected traffic. Moreover compared to the solution b), this solution only lets UE enter IDLE mode n seconds ahead of eNB’s apperception and the corresponding cost is standardization efforts and signaling overhead introduced by a new report signaling.
Proposal1: UE initiated dormancy mechanism need be excluded from the DDA WI unless visible benefit is proved.
d) Mobility based network initiated dormancy

This solution is another form of solution b), which works as follows: if the eNB sees no user-plane activity for the UE for N seconds, and moreover sees a handover event, then the eNB performs connection release instead of handover. Note that if a handover event is seen within N seconds of previous user-plane activity, the handover is performed. If the signaling overhead of a RRC mode transfer cycle is less than or almost equal to the signaling overhead of a handover, this solution can reduce the overall signaling overhead in all speed cases. And the effect of this solution is similar to that of the solution b), which is that a low-speed UE may stay in connected mode almost all of time and the higher speed leads to the longer period when UE stays in IDLE mode.
To sum up, Solution d) will be considered for IM and background traffic and compared to the solution b).

3. RRC Signaling Overhead Simulation
In this section, IM and Background traffic simulation results will be presented for further analysis and comparison between solution b) and solution d).
3.1. Common simulation model

The main parameters for our eDDA simulation are listed below:
· Number of eNBs = 19

· Number of sectors in a eNB = 3

· Number of UEs = 100

· Simulation Duration = 1hour

· Traffic Session Duration = 1hour

· IDLE-Inactivity Timer = 1s, 2s, 5s, 10s, 30s, 60s
· Speed of UE = 3km/h, 18km/h, 30km/h, 60km/h, 120km/h
· IM Trace Id in [2] = 58 
· Background Trace Id in [2]= 16
The detailed simulation settings are shown in the appendix.

The simulation statistic values were described in [1]. The benchmark of RRC signaling overhead is the Full Connected Mode case, which means the basic assumption is that the RRC signaling overhead to data of the Full Connected Mode case is 0% and the RRC signaling overhead to data of the other cases are all compared to the benchmark. The Signaling sizes of a RRC mode transfer cycle are calculated as 72bytes for uplink and 186bytes for downlink. And the signaling sizes of a handover event are 49bytes for uplink and 135bytes for downlink.
3.2. IM Simulation Results
Simulation results of network based dormancy timer mechanism
First simulations were run for IM trace 58 with medium/high speeds and different dormancy timer values on network based dormancy timer mechanism. Figure 1-3 shows the results. Table 1 provides the dormancy timer values under different speeds only from the perspective of minimizing signaling overheads.
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Figure 1: IDLE Time Ratio (%)
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Figure 2: Overall UL Signalling overhead ratio (%)
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Figure 3: Overall DL Signalling overhead ratio (%)


Note: The benchmark points of signalling overheads are the ones of Full-Connected case. The minus value of the above figures means that the increased RRC mode transfer signalling overhead is less than the reduced handover signalling overhead introduced by dormancy. Ratio means overall signalling overhead difference is divided by the user’s data.
Table 1 Dormancy timer values only from the perspective of minimizing signalling overheads
	
	3km/h
	18km/h
	30km/h
	60km/h
	120km/h

	Dormancy timer (s)
	> 30
	~Infinite
	> 30
	~Infinite
	> 30
	~Infinite
	> 30
	~Infinite
	10s

	IDLE time ratio (%)
	< 11
	~0
	< 11
	~0
	< 11
	~0
	< 11
	~ 0
	42

	UL signaling overhead ratio (%)
	< 9
	~0
	< 7
	~0
	< 6
	~0
	< 3
	~0
	-6

	DL signaling overhead ratio (%)
	< 7
	~0
	< 6
	~0
	< 5
	~0
	< 2
	~0
	-7


Note: For the results of 30km/h case, when the dormancy timer has a value larger than 30 second, IDLE time ratio is less than 11%. And when the dormancy timer value is close to the infinite, IDLE time ration is then close to 0%.
Observation1: By using network based dormancy timer mechanism, IM traffic can get a period of IDLE mode at a cost of increased signaling overhead.
Observation2: From the perspective of minimizing signaling overhead, by using solution b), most of IM UE will always stay in RRC connected mode except for the high speed case, e.g. 120km/h.
Simulation results of mobility based network initiated dormancy
Second simulations were run for IM trace 58 with different speeds and different dormancy timer values on mobility based network initiated dormancy mechanism. Figure 4-6 shows the results. Table 2 provides the dormancy timer values under different speeds only from the perspective of minimizing signaling overheads.
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Figure 4: IDLE Time Ratio (%)
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Figure 5: Overall UL Signalling overhead ratio (%)
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Figure 6: Overall DL Signalling overhead ratio (%)


Table 2 Dormancy timer values only from the perspective of minimizing signalling overheads
	
	3km/h
	18km/h
	30km/h
	60km/h
	120km/h

	Dormancy timer (s)
	> 1
	~Infinite
	> 1
	~Infinite
	> 1
	~Infinite
	2
	1

	IDLE time ratio (%)
	< 3.5
	~0
	< 19
	~0
	< 29
	~0
	40
	58

	UL signaling overhead ratio (%)
	< 1
	~0
	< 5
	~0
	< 5
	~0
	-3
	-31.5

	DL signaling overhead ratio (%)
	< 0.7
	~0
	< 3
	~0
	< 2.5
	~0
	-5
	-30


For the all cases of 3km/h, 18km/h and 30km/h, the overall signaling overhead is all less than 5%, which is acceptable. But by using the solution d), UE with low speed will spend almost large proportion time in connected mode.
Observation3: The method of mobility based network initiated dormancy has the visible improvements for reducing signaling overhead compared to network dormancy timer mechanism for IM traffic.
Observation4: For IM traffic, mobility based network initiated dormancy mechanism is more fit for medium/high speed UE and low speed UE still spends large proportion time in RRC-Connected mode.
3.3. Background Simulation Results

Simulation results of network based dormancy timer mechanism
Third simulations were run for Background trace 16 with medium/high speeds and different dormancy timer values on network based dormancy timer mechanism. Figure 7-9 shows the results. Table 3 provides the dormancy timer values under different speeds only from the perspective of minimizing signaling overheads.
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Figure 7: IDLE Time Ratio (%)
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Figure 8: Overall UL Signalling overhead ratio (%)
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Figure 9: Overall DL Signalling overhead ratio (%)


Table 3 Dormancy timer values only from the perspective of minimizing signalling overheads
	
	3km/h
	18km/h
	30km/h
	60km/h
	120km/h

	Dormancy timer (s)
	> 60
	~Infinite
	> 30
	~Infinite
	30
	5
	2

	IDLE time ratio (%)
	< 34
	~0
	< 55
	~0
	56
	87
	93

	UL signaling overhead ratio (%)
	< 3
	~0
	< 1
	~0
	-2
	-13
	-36

	DL signaling overhead ratio (%)
	< 15
	~0
	< 4
	~0
	-11
	-65
	-183


Observation5: By using network based dormancy timer mechanism, background traffic has better performance than Full Connected Mode, e.g. reduced signaling overhead and a large IDLE time ratio, especially for medium/high cases.
Simulation results of mobility based network initiated dormancy
Fourth simulations were run for Background trace 16 with different speeds and different dormancy timer values on mobility based network initiated dormancy mechanism. Figure 10-12 shows the results. Table 4 provides the dormancy timer values under different speeds only from the perspective of minimizing signaling overheads.
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Figure 10: IDLE Time Ratio (%)
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Figure 11: Overall UL Signalling overhead ratio (%)
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Figure 12: Overall DL Signalling overhead ratio (%)


Table 4 Dormancy timer values only from the perspective of minimizing signalling overheads
	
	3km/h
	18km/h
	30km/h
	60km/h
	120km/h

	Dormancy timer (s)
	> 1
	5
	5
	2
	2

	IDLE time ratio (%)
	< 16
	51
	61
	76
	83

	UL signaling overhead ratio (%)
	< 0.5
	-1.5
	-5
	-17
	-41

	DL signaling overhead ratio (%)
	< 2
	-10
	-27
	-84
	-205


Observation6: By using mobility based network initial dormancy mechanism, signaling overhead for the background traffic is less than using network based dormancy timer mechanism. At the same time, IDLE time ratio is also reduced correspondingly.
Proposal2：Capture our simulation results into the TR36.822.
Proposal3：Both mobility based network initiated dormancy mechanism and network based dormancy timer mechanism may be used for IM and background traffic and details are left to eNB’s implementation.
4. Further Consideration
From the above section 3, it can be concluded that from the perspective of signaling overhead most of UEs, whose speed is not very high, will spend large proportion time in RRC-Connected mode. Hence the next step of evaluations may focus on DRX efficiency and efficient management of dedicated resource configuration (e.g. UL control channel resources for large number of connected mode UE). In the current DRX mechanism, short DRX configuration is for continuous data arrival, which may be not helpful for the IM and Background traffic with relatively short bursts even often a single packet arrival. Moreover the power saving performance mainly depends on the long DRX cycle value. The longer DRX cycle value becomes, the better power saving’s effect will be. But at the same time the user experience on delay will be increased. Whether the current DRX mechanism can be fit for DDA and whether there is some enhancement space or not is still FFS. 
Proposal4：DRX efficiency and dedicated resource configuration will be the next evaluation emphases.
5. Conclusion
According to the presentation in the above sections, it is suggested:

Proposal1: UE initiated dormancy mechanism need be excluded from the DDA WI unless visible benefit is proved.
Proposal2：Capture our simulation results into the TR36.822.
Proposal3：Both mobility based network initiated dormancy mechanism and network based dormancy timer mechanism may be used for IM and background traffic and details are left to eNB’s implementation.
Proposal4：DRX efficiency and dedicated resource configuration will be the next evaluation emphases.
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7. Appendix

7.1. Basic Simulation Settings

Table 6‑3 Simulation Assumptions of eDDA
	Parameter
	Assumption

	Simulation time
	3600 s

	system bandwidth
	20 MHz

	Cell layout
	Hexagonal Grid, 19 eNBs with wrap around, 3 sectors per eNB 

	Number of UEs
	100

	Inter-Site distance
	500 m

	Distance-dependent pathloss
	L=130.5+37.6log10(R) (R in km)

	Lognormal shadowing model
	Reference to B1.4.1.4 in UMTS TR30.03

	Lognormal shadowing standard deviation
	8 dB

	Correlation distance of shadowing
	50 m

	Shadowing correlation 
	Between sites
	0.5

	
	Between sectors
	1

	Penetration loss
	20 dB

	Antenna pattern
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	Carrier frequency
	2.6 GHz

	eNB power
	46 dBm

	Antenna gain
	14 dBi

	UE power
	23 dBm

	Minimum distance between UE and BS
	35 m

	UE distribution
	UEs uniformly distributed within the cell

	UE speed
	0km/h, 3km/h, 18km/h, 30 km/h, 60km/h, 120km/h

	CQI measurement period
	20 ms

	SRS reporting period
	20 ms

	Number of RLC ARQ max transmit
	4

	Number of MAC HARQ max transmit
	4
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