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1. Introduction
The following has been agreed during the RAN1#51bis meeting on overload indicator [1]: 
· Every PRB has a value；

· Each report of OI have 3 levels；

· Event trigger；

· Minimal OI update time ：20ms；

· FFS how to limit the reporting load on X2.
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At present, the coding methods proposed in 3GPP for OI report format can be classified into two categories:  loss coding method and lossless coding methods. The proposals [3][4] are belong to the loss coding method ,the proposal from ZTE is belong to the loss coding method . In [2], ZTE give primary discussion on the lossless coding and the loss coding[3] for the three level OI report format. In this ZTE’s proposal, the impact of loss coding [2] for the three level OI report format to the system performance was exhibited though simulation results. The simulation result shows that neglecting one OI state in every two RBs’ nine states will cause obvious system performance degradation. This proposal is a resubmission of R1-082849.
2. OI Report Format
We provide a new OI report format via encoding the OIs on 5 consecutive RBs to decrease the load of OI report. Generally, at least 2bits would be needed to encode the 3-level OI for a single RB, however, such an encoding scheme is not efficient at all since one codeword will do nothing. To find a better way to do so, [3] proposes an 3 bit-encoding scheme representing 3-level OIs on 2 consecutive RBs, However, one OI combination would be lost, since 3bits coding can not represent 9 (3×3) possible OI level combinations. As there are so many RBs in LTE system, the coding loss is quite surprising. 

For example, supposing the system bandwidth is 5MHz, there will be 25 RBs. In case the coding scheme in [3] is exploited, we need 39bits (
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 denotes rounding x to the nearest integers greater than or equal to x) to encode the whole system bandwidth. However, there will be 325－239＝2.9753×1011 OI combinations that cannot be recognised.

In fact, at least 
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bits are needed to encode the 3-level OIs on N consecutive RBs. Considering the availability and redundancy, we propose to use 
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bits to encode the 3-level OIs on 5 consecutive RBs. The encoding principle is as follows.
(1) Denote the OI levels corresponding to the ith RBs with Xi and
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. Here 0, 1, 2 indicates L(Low), M(Medium) and H(High) OI level, respectively.

(2) Calculate a decimal number N according to five consecutive Xi obtain from step 1.
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(3) Transfer the decimal number N to an eight binary digits, thus we have finished the encoding of the 3-level OIs on 5 consecutive RBs.

(4) Concatenate the coding symbols of each block, finally we get the coding result of the whole OI levels.

For example, assuming the OI levels of 5 consecutive RBs are L, M, M, H, L. The corresponding ternary code is 01120. According to the principle mentioned above, we first get a decimal number 42, then the corresponding eight binary digits 00101010 will be obtained easily.

In the case of 5MHz system bandwidth (25 RBs), 40bits would be needed to encode the OI report of the whole system bandwidth, and every possible combination is assigned a unique coding form. Compared with the method that using 2bits coding for 25 consecutive RBs, which requires 50bits, the method we proposed would save 10bits resources. Compared with the method of 3bits coding scheme for 25 consecutive RBs, which requires 39 bits (
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), our method has no coding loss. In other words, 1bit can compensate the coding loss of OI combinations as many as 2.9753×1011 .

Consequently, using 8 bits for 5 consecutive RBs are more attractive with several benefits.

(1) Make best use of coding resources;
(2) Have no coding loss.

3. OI Application in Power Control: Simulation Results
Currently, the reduction of OI bit number while keeping its integrity is the hot spot of discussion. And there are 2 schemes on the OI report format. One is to transmit the integrate information of OI which encodes the OIs on 5 consecutive RBs to reduce the signaling load of OI [2]. The other one uses 3 bits to encode the 3-level OIs on 2 consecutive RBs [1]. Since there are 9 (3×3) possible OI state combinations for 2 consecutive RBs, the second scheme combines 2 possible OI states into one state, which will lead to 8-state OI in total and cause some coding loss. The second scheme is as follows.

Table 1. Example of 3-bit coding table for OIs on 2 consecutive RBs
	Pair OIs
	Coding for pair OIs (3 bits)

	L          L
	000


	L          M
	

	L          H
	001

	M          L
	010

	M          M
	011

	M          H
	100

	H          L
	101

	H          M
	110

	H          H
	111


In the simulation, mobile station’s Tx power is adjusted according to the OI information, and the performance of two PC schemes which utilize the two different OI state scheme is compared. The power control is executed as follows:  
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Where 
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 is the interference that the serving cell suffers from the neighbor cells, 
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[image: image13.wmf]()

serving

dB

PL

 is the path loss from the MS to the serving cell and 
[image: image14.wmf]OI

P

D

 is set according to the OI level.

The results are as follows.
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Figure 1. IoT CDF with OI using 8 and 9 state

TABLE 2 Performance analysis

	
	Average Throughput of User (kbps)
	Throughput of

Cell-edge User(kbps)
	Deviation of IoT

	PC with 8-state OI
	256.12
	130.33
	1.1396

	PC with 9-state OI
	287.7
	136.35
	0.6994


The simulation result is consistent with the fact that better ICIC performance could be achieved with more interference information. The margin between the performances of two OI state schemes does exist. The sector throughput is at about 2.87Mbps in the 9-state OI mechanism and at about 2.56Mbps in the 8-state mechanism. The 8-state mechanism is not good as the 9-state one. From the standard deviation values of IoT, it is obvious that the PC mechanism with 9-state OI (no information losses) can keep the sector IoT operating point more steady and limit the IoT dynamic range more effectively. So we get the conclusion that the decrease of the OI states will give rise to the performance degradation.

4. 
Proposal
The simulation results show that reducing the OI states can cause the degradation of sector IoT stability and ICIC performance. The simulation result given above shows that even neglecting one OI state in every two RBs’ nine states will cause obvious system performance degradation. So, the lossless coding method for OI report format should not be considered.

Further, ZTE proposed to adopt lossless coding for the overload indicator, i.e. the OI report format using 8 bits to encode the 3-level OIs on 5 consecutive RBs is a feasible and efficient one. 
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Appendix
Table System Simulation Parameters

	Parameter
	Value

	Layout
	7sites,3sectors/site,wrap-around

	Inter-base station distance
	500 meters

	Carrier frequency
	2GHz

	Path loss model
	Urban model  37.6*log10(Km)+128.1

	Log normal shadowing
	Stand deviation 8 dB

	System bandwidth
	5MHz FDD

	Maximum UE Tx power
	24 dBm

	Alpha in PC scheme
	0.5

	Users/sector
	10

	Traffic model
	Full buffer

	Resource unit size
	180kHz

	Transmission Time Interval(TTI) Length
	1ms

	Maximum Target SINR for power control
	25dB

	HARQ operation
	Synchronous, 6 process, max of 7 Tx
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