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1 Introduction
According to 3GPP Technical Specifications [1], the current cell coverage size is limited up to about 60-68 km. But nowadays, with the enhancement of Node B capability and the requirement of actual application, the wider cell coverage range becomes possible and required. The original cell range decision leads to extending it unrealizable due to the limitation of measurement format, reported by Node B over Iub interface or transferred between RNCs in UTRAN over Iur interface. Therefore, we propose to extend the WCDMA cell coverage size up to a fixed value, 180 km. The selection of this new maximum cell size will influence the modification of relevant protocols [2-5]. Likewise, PRACH propagation delay and Round Trip Time transferred between Node B and RNC have to be adjusted due to the limitation of measurement format. We also propose to keep the current structure of transport format, i.e. maintain the field length of PRACH propagation delay and Round Trip Time, but adjust the quantization unit depending on the cell radius.

2 Extending the Cell Size Up to 180 Km

In the scenarios such as rural, coast area, a large cell coverage size is required in order to reduce the number of Node Bs and cells in the UTRAN network. Therefore, cell coverage range has to be extended and the appropriate maximum cell size has to be determined. There are three reasons and explanations listed below that make us decide the new maximum cell size as 180 km.

· Based on the sea level, the relation between the maximum cell coverage range and the altitude where Node B shall be placed approximately can be concluded in Table 1.

Table 1 the relation between NodeB altitude and cell coverage range

	Altitude, Node B placed (m)
	500
	1000
	1500
	2000
	2300

	Cell coverage range (km)
	109
	140
	165
	188
	200


· Observed from Table 1, it is figured out when increasing linearly the altitude where Node B shall be placed, the increment of the cell coverage range becomes smaller and smaller. For example, if the altitude where Node B is placed increases from 500 m to 1000 m, the cell coverage range extends 31 km. If the altitude increases from 1000 m to 1500 m, the cell coverage range extends 25 km, and from 1500 m to 2000 m, only 23 km extension left. Thus, it is not practical and economical to extend the cell range to an infinite value. 180 km is a reasonable value for current and future’s application.

· According to the PRACH channel property, the minimum gap between two preamble access slots is 5120 chips [6] which approximately approach 200 km round trip transmission. It is allowed for Node B to perform operation such as received data processing without any marginal chip left. Therefore, 180 km is a tolerable value for the application.

· Furthermore, sufficient link power budget is available to allow for larger cell size than what is currently supported. Even in other RAT systems, for example, GSM and Cdma2000, the maximum cell size is extended to 120 km. Therefore, in WCDMA the same maximum cell size as that GSM and Cdma2000 shall be at least supported. Cell size up to 180km is sufficient and compatible for any application.

3 The Adjustment of Quantization Unit

PRACH propagation delay represents one-way radio interface delay measured during PRACH access and is reported from Node B to RNC through FP frame [4,5],  in which value range: {0..765 chips}, step: 3 chips, field length: 8 bits. When setting up DPCH in Node B, RNC transfers the parameter PRACH propagation delay back to Node B through NBAP signaling, if PRACH propagation delay is available in RNC. 

From 3GPP protocol [1], the reporting step of Round trip time is 1/16 chips, range from 876.0000 to 2923.8750 chip, 15 bits field length. Correspondingly the maximum cell coverage range is 68 km.

The requirements of PRACH propagation delay and Round Trip Time mentioned above limit the extension of cell coverage range. There are two kinds of adjustment method upon PRACH propagation delay and Round Trip Time. One is to increase the quantization step in order to maintain the field length. The other is to extend the field length but maintain the quantization unit. If the second adjustment method is adopted, FP frame structure or measurement report format transferred between Node B and RNC have to be changed simultaneously. That would influence the technology upgrade of Node B and the connection between NodeBs from different equipment providers or different specification release versions. Therefore, the first adjustment method is preferable to use, i.e. increase the reporting quantization step as follows, by which the accuracy loss is tolerable.

In Table 2, we sum up the relation between the time of one way transmission and the cell coverage range, and then describe how to adjust the quantization step for PRACH propagation delay and Round Trip Time.

Table 2 The relation between cell coverage range and transmission time

	cell coverage range (km)
	transmission time (chips)

	60
	768

	120
	1536

	180
	2304


If the cell radius is less than or equal to 60 km, the quantization step for PRACH propagation delay is 3 chips, which is equivalent to that in the current protocol. The corresponding maximum value for PRACH propagation delay is about 768 chips. If the cell radius is between 60 km and 120 km, the quantization step changes to 6 chips. The corresponding maximum value for PD with cell radius 120 km approaches to 1536 chips. If the cell radius is between 120 km and 180 km, the quantization step increases to 9 chips. With different quantization step according to different cell radius, there all exist 256 different quantization values. 8 bits is sufficient to carry PRACH propagation delay information transmitted over Iub or Iur interface.

Compared with PRACH propagation delay, a similar scheme is applied for Round Trip Time. If the cell radius is less than or equal to 60 km, the format of measurement report is the same as that in the current protocol, i.e. quantization step 1/16 chips, range from 876.0000 to 2923.8750 chip. If the cell radius is between 60 km and 120 km, the quantization step changes to 1/8 chips and Round Trip Time value is extended to fulfill the cell radius up to 120 km, thus new Round Trip Time range from 876.000 to 4244 chip. If the cell radius is between 120 km and 180 km, the quantization step increases to 1/4 chips and Round Trip Time value is extended to fulfill the cell radius up to 180 km, thus new Round Trip Time range from 876.00 to 5780 chip. In all cell radius cases, 15 bits is sufficient to carry RTT measurement value.
The advantages of the quantization step modification can be concluded as below,

· It’s not necessary to extend the length of FP frame, maintains the current transport format between RNC and Node B, without additional transport resource.

· For PRACH propagation delay, the adjustment influence is only inside the Node B, there’s no influence on other parts such as RNCs.
· No influences on the technology upgrade of Node B and the connection between NodeBs from different equipment providers or applied with different specification release versions.

Although, the adjustments maybe lead to some accuracy loss, it is acceptable for the real application with relatively rare users in the extended area.

When PRACH propagation delay and Round Trip Time quantization steps are modified, RNC and Node B shall keep the same information on the quantization step of reported value. Therefore it is proposed to add one IE in the signaling Resource Status Indicator and Audit Response on Iub interface to indicate the cell coverage capability, and define two idle bits in the Cell Capability Container FDD to indicate the cell coverage capability on Iur interface.
Consequently, overall such changes would impact spec [1-5]. The both PRACH propagation delay and Round Trip Time measurement format modification for TS 25.133 [1] see CR R4-060 [7], and relevant modifications for [2-5], see CR [8-11]. Huawei has also submitted the modifications of RAN3 related protocols [2-5] in parallel contributions [8-11] in RAN3#52 meeting in Shanghai.
4 Conclusion
In this contribution it is proposed to adjust PRACH propagation delay and Round Trip Time quantization step in order to extend the cell coverage range up to 180 km, i.e. with the different cell radius, the different quantization step is applied. Although, the adjustments lead to some accuracy loss, it is acceptable for the real application with relatively rare users in the extended area. While what can be achieved from these adjustments is reducing the impact of modifications to minimum, i.e. reducing the impact of user plane protocols and mainly changing in the control plane protocols.
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