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1. Introduction
In the last several meetings, the following conclusions have been agreed on RSRP:
1） RSRP is used to identify interior/exterior users in ICIC and assist handover;

2） The reporting range of RSRP is agreed to be defined from -140 dBm to -44 dBm with resolution of 1 dB [1].
But there are still some problems about current RSRP reporting mechanism. The high frequency of RSRP reporting would negatively impact the battery consumption of the individual UE as well as bring unnecessary uplink load for the system.
This proposal is a resubmission of [2], to which some simulation results are added.
2. Two-threshold RSRP Trigger Mechanism
At present, RSRP measurement in handover is used to identify position of UEs. As referred in [3], handover trigger of RSRP would be set to about 0 dB. While for ICIC, in order to obtain more location information of UEs, 6 dB threshold is recommended. In this instance, 65% UEs need report RSRP, which would negatively impact the battery consumption of the individual UE as well as create an unnecessary air interface uplink load for the system.

Considering fast variations of wireless channels and in order to reduce signaling overhead of RSRP, we propose a two-threshold RSRP trigger mechanism, where RSRP is reported only when UEs’ position status changes. Thus we can reduce RSRP reports significantly. The two thresholds can be set according to the situation of each cell (such as load and interference). 

The principle of the mechanism is as follows.

In Fig.1, two horizontal dotted lines denote the two thresholds, TH1 and TH2(TH1<TH2), respectively. Firstly, the initial position status of UEs could be determined. When the RSRP measurement of UE is below TH1, it is set as cell edge user, and vice versa. Assuming that the UE is an interior user and moves towards the cell edge, the RSRP measurement declines correspondingly. For interior UEs, the TH1 will be the threshold of RSRP measurement report. As shown in Fig.1, at the time of A, although RSRP measurement drops to TH2, RSRP report is still not triggered and the position status of the UE doesn’t update. Owing to the fast fluctuation of wireless channel, at time B and C, user’s RSRP measurement fluctuates around TH2 but is still unable to reach trigger threshold. Therefore, user needn’t report the RSRP value. Only if the user’s RSRP becomes lower and lower and finally lower than TH1 as time D shows, user reports its RSRP value and changes its position status into “cell edge” state. With the user moving toward the cell edge further, user needn’t send its RSRP value any more as long as its RSRP measurement isn’t higher than TH2. That’s the reason why user needn’t send its RSRP measurement both at time E and F. On the other hand, if just one threshold, TH1(or TH2), is used, then the user must send its RSPR value at time D, E and F (or A, B and C). But with two trigger threshold, user just need send its RSRP measurement at time D. Therefore, the proposed two-threshold RSRP trigger mechanism can avoid the frequent report owing to channel fluctuation effectively. 
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Figure 1. Two-threshold RSRP trigger mechanism with user moving from cell center to cell edge

Similarly, if user is moving from cell edge to cell center, it only need report its RSRP measurement at time d and at any other time it needn’t send its RSRP value.
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Figure 2. Two-threshold RSRP trigger mechanism with user moving from cell interior to cell edge
In conclusion, RSRP reports are sent only when the trigger requirement is satisfied, otherwise RSRP reports won’t be sent so that RSRP reports can be reduced significantly. 

The advantages of this contribution are:

(1) RSRP reports can be effectively reduced. 

 (2) Saving UE battery consumption.
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(3) Avoiding Ping-pong Effect compared with single trigger threshold.
3. Simulation Results
In the simulation, two kinds of TU channel have been adopted, referred as 3km/h channel and 30km/h channel. The detailed simulation assumptions are given in the Annex.
The simulation results of the cases of 3km/h and 30km/h are shown in the table 1 and 2, respectively. In both tables, there shows the comparison between single threshold and two thresholds. And the single threshold of RSRP is set as -72.2dBm at 3km/h (-72.5dBm at 30km/h) to make sure that the ratio of exterior UE is about 33%, while the two thresholds are adjusted with 0.5dBm, 1dBm, 1.5dBm, 2dBm shift on the single threshold.
Table 1  The comparison between the single threshold and two thresholds of RSRP（3km/h）

	RSRP

single threshold/

two thresholds

(dBm)
	The ratio of exterior UEs
	The number of RSRP reporting
	The decrease ratio of RSRP reporting
	Average UE throughput
(Kbps)
	Exterior UE throughput [5%CDF]

（Kbps）
	System IoT
（dB）

	Single

threshold
	-72.2
	33.28%
	191
	NA
	261.80
	33.94
	7.88

	Two- threshold
	-72.7/-71.7

(±0.5)
	33.26%
	139
	27.23%
	267.59
	44.08
	8.87

	
	-73.2/-71.2

(±1)
	31.7%
	96
	49.74%
	265.501
	35.4
	7.99

	
	-73.7/-71.7

(±1.5)
	31.51%
	87
	54.45%
	267.14
	38.4
	8.65

	
	-74.2/-70.2

(±2)
	30.07%
	75
	60.73%
	269.23
	43.23
	9.10


Table 2  The comparison between the single threshold and two thresholds of RSRP（30km/h）

	RSRP

single threshold/

two thresholds

(dBm)
	The ratio of exterior UEs
	The number of RSRP reporting
	The decrease ratio of RSRP reporting
	Average UE throughput

(Kbps)
	Exterior UE throughput [5%CDF]

（Kbps）
	System IoT
（dB）

	Single

threshold
	-72.5
	33.16%
	1359
	NA
	256.86
	38.51
	8.09

	Two- threshold
	-72.0/-72.0

(±0.5)
	33.08%
	913
	32.82%
	259.96
	36.54
	8.93

	
	-73.5/-71.5

(±1)
	32.86%
	597
	56.07%
	260.66
	36.31
	8.49

	
	-74.0/-71.0

(±1.5)
	32.95%
	398
	70.71%
	259.86
	44.71
	8.56

	
	-74.5/-70.5

(±2)
	32.61%
	244
	82.05%
	260.36
	44
	8.64


Based on the simulation results, the following conclusions can be achieved:
(1) In the both cases with UE moving at 3km/h and 30km/h, the introduction of two-threshold can bring a large deduction of RSRP reporting compared to single threshold.
(2) In the case of two-threshold reporting mechanism, as the gap between the two thresholds becomes larger, the ratio of exterior UEs reduces gradually, and the average UE throughput increases. While, the exterior UE throughput keeps same or increase slightly. And the system IoT increases slowly since the number of the interior UEs increases. It shows that the two-threshold mechanism doesn’t have much influence on the throughput.
(3) As seen from the two tables above, in the case of 30km/h, the advantages of two thresholds over one threshold are clear. The ratio of exterior UEs decreases very slowly as the gap of two thresholds increases. When the double thresholds are set as 2dBm deviation from the single threshold, the ratio of exterior UEs is only reduced by 0.5%, while 3% in the 3km/h case. From the statistics above, it can be concluded that in the high speed situation, the gap of the two thresholds can be set larger to further reduce the number of RSRP reports while keeping the ratio of exterior UE same.
4. Proposal
With the two-threshold RSRP Trigger Mechanism described above, the number of RSRP reporting will be highly reduced compared to the single threshold, while keeping the throughput almost the same. Besides, the effect will be better in high speed situation.
So, ZTE propose to adopt the Two-threshold RSRP Trigger Mechanism.
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Annex: Simulation Assumptions
Table A.1 system simulation baseline parameters 

	Parameters
	Values

	Channel bandwidth
	5MHz

	Carrier frequency
	2GHz

	Base station noise figure
	5 dB

	Number of resource units
	25

	Resource unit size spacing
	180 KHz

	Cellular layout Hexagonal grid
	Hexagonal grid, 7 cell sites, 3 sectors per site

	Inter-cell distance
	500 meters

	HARQ operation
	6 HARQ process, 3 maximum retransmission

	Number of mobiles per sector
	10

	Scheduling
	Proportional Fair （TTI = 1ms）

	Channel model
	TU, 3 km/h，30km/h

	Distance-dependent path loss
	L=128.1 + 37.6log10(R)

	Lognormal Shadowing
	8dB standard deviation, coherence length = 50m, inter-site correlation = 0.5

	Penetration Loss
	20dB

	Antenna pattern gain
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	Traffic model
	Full buffer

	Maximum target SINR of UE
	25 dB

	Maximum transmission power
	21 dBm

	MCS levels
	QPSK R=1/8, 1/4, 1/3, 1/2, 2/3, 3/4

16 QAM R=1/2, 2/3,4/3,4/5

	Channel model
	SCME
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