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1 Introduction

RAN#31 approved a new work item called ‘Extended WCDMA Cell Range’ [1].

In the last RAN4 meeting it was proposed to specify the accuracy requirements and the reporting steps of two Node B measurements namely RTT and PRACH propagation for the extended cell range [2]. The objective was to allow the use of RTT and PRACH for different applications in extended cell range. During the last meeting a number of issues were raised, which are addressed in this contribution. 
· Use of RTT and Propagation Delay

· Approach to Specify Extended Requirements 

· Practical extended cell range scenarios
· Link budget and Antenna Height
2 Use of RTT 

Round trip time (RTT) is a Node B measurement and is used for the UE based OTDOA positioning method, which is optional. The RTT includes two way propagation delay and the time difference between downlink and uplink DPCCH/DPDCH frame (1024 chip + 148 chips max). It is expressed in number of chips.
Due to the limitations of the UTRAN protocols used over Iub and Iur interfaces the RTT cannot be reported beyond 2923.8750 chips [3-6]. This corresponds to a cell range of 68 km. In RAN4 the corresponding RTT accuracy requirements and reporting ranges are also specified up to a cell range of 68 km [7]. This means network cannot use UE based OTDOA positioning employing RTT in cells larger than 68 km. 

3 Use of PRACH Propagation Delay

PRACH propagation delay is also a Node B measurement. Propagation delay can be used to considerably reduce the call setup time by tuning the base station receiver parameters for each UE. This also has an implication of reducing Node B hardware requirements. In fact, propagation delay for each UE should be individually reported by the Node B to the RNC. This would require extending the propagation delay reporting ranges up to the maximum allowed cell range.    
UTRAN protocol limitations over Iub and Iur interfaces allow the propagation delay to be reported up to 765 chips [3-6], which gives a maximum cell range of about 60 km. In RAN4 the corresponding PRACH propagation delay accuracy requirements and reporting ranges are also specified up to a cell range of 60 km [7]. This means network cannot make use of this measurement in cells larger than 60 km, thereby leading to longer call setup time and more complex Node B hardware implementation. 
4 Approach to Specify Extended Requirements
RAN4 defines the accuracy and the reporting ranges of RTT and propagation delay [7]. Both measured qualities with a fixed quantization step: 0.0625 chip for RTT and 3 chips for propagation delay. In [2], Ericsson proposed to maintain the current quantization step sizes for the extended range requirements. This would ensure compatibility with the earlier releases. In [8] relatively coarse quantization steps were proposed depending upon the cell ranges. The main argument was to reduce the signaling overheads between Node B and RNC [8]. But our understanding is that impact of maintaining the current quantization step on Node B-RNC signaling load is very small. On the contrary using coarse quantization step as a function of cell range will induce larger quantization error, which in turn would degrade the measurement accuracy of RTT and propagation delay. This would imply larger inaccuracy in user positioning based on RTT and longer call setup delay if propagation delay is used. Another implication is the incompatibility with earlier releases. 

Thus, Ericsson’s proposal is first of all not to link the quantization step of the reported values with the cell range. Secondly we would like to keep the current quantization step sizes for both measurements in the extended cell range.     
5 Practical Extended Cell Range Scenarios
In very favourable propagation scenarios such as desert, grassy fields, plains, and coastal areas etc., line of sight communication between the base station and UE is possible over considerable range. In such scenarios much larger cell range than what is generally used in practice, is realizable. The major benefit of large cell range is the reduction in the number of base station sites. An operator can employ a number of advanced techniques and make use of the following scenarios to further exploit good propagation conditions:

· Repeaters connected to the base station via cable or via wireless links
· Use of multiple receive antennas at the base station
· Beam-forming

· UE transmit antenna panel at roof top in rural area (( 10 dB antenna gain)
· High effective UE antenna height (UE on high located roads, high mounted UE antennas)
· Users in low flying aircraft

6 Link Budget and Antenna Height
Extended cell range requires the base station to be deployed at a considerable height. However as mentioned in section 5 there are techniques to deploy base station at apparently unrealistic heights. Nevertheless, this section provides some results on base station antenna height requirements for different cell ranges. Table 1 shows path loss for different combination of UE and BS elevation. The results are based on the modified version of the channel model in [9]. As mentioned in section 5 relatively high UE antenna elevation is possible such as on high located roads and by using antenna panel at roof top.
Table 1: Impact of cell range on antenna height in open area with 50% confidence
	No.
	BS Elevation [m]
	UE Elevation [m]
	Path loss [dB]
	Cell Range [km]

	1
	400
	210
	145
	200

	2
	800
	110
	143
	200

	3
	1500
	60
	145
	200

	4
	2000
	29
	165
	200


7 Proposed Requirements for Extended Range
Based on our assessment and the above analysis following is proposed:

· Specify the extended requirements for RTT and propagation delay up to 200 km in release 7. 
· Specify the same requirements for the extended propagation delay and extended RTT as specified for the existing ranges in 25.133. 
· Quantization steps for RTT and propagation delay should be 0.0625 chip and 3 chips respectively, this is same as currently specified. 
This would imply the following changes and additions in 25.133 [7] to the reporting ranges and accuracy of PRACH propagation delay and RTT measurements. 

· Specify the existing accuracy requirements (( [0.5] chips) for the extended RTT measurement up to 6292 chips. 
· Specify the accuracy requirements (( [2] chips) for the extended PRACH propagation delay measurement up to 2562 chips.

We believe the above mentioned requirements are achievable at Node B with reasonable implementation and complexity.  

The text proposal for change request in 25.133 is shown in Annex A of this document.

8 Summary

This paper discussed that the limitations of reporting PRACH propagation delay and RTT measurements in large cell ranges beyond 60 km. The main bottleneck is due to the restrictions UTRAN protocols on Iub and Iur over which these measurements are reported. Their performance requirements are also not specified in RAN4. 

There are ample of good propagation scenarios (e.g. desert, plain fields, coastal areas, steppes etc), where much larger WCDMA cell ranges can be realized. This will reduce the number of base station sites. However in large cells the network cannot make use of RTT and propagation delay. 
Our understanding is that WCDMA cell range up to 200 km is practically realizable both from deployment and link budget perspectives. In order to ensure network fully makes use of its potential we propose to extend the PRACH propagation delay and RTT value ranges up to 2562 chips and 6292 chips respectively. The proposed requirements for the extended propagation delay and RTT measurements are ( [2] chips and ( [0.5] chips, respectively. No other requirement in RAN4 shall be affected. 
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Annex A: Text Proposal for Change Request in 25.133
9.2.8
Round trip time

The measurement period shall be 100 ms.

9.2.8.1
Absolute accuracy requirement

Table 9.49

	Parameter
	Unit
	Accuracy [chip]
	Conditions

	
	
	
	Range [chips]

	RTT
	chip
	+/- 0.5
	876, …, 6292


9.2.8.2
Round trip time measurement report mapping

The Round trip time reporting range is from 876.0000 ... 6292.0000 chip.

In table 9.50 the mapping of measured quantity is defined. The range in the signalling may be larger than the guaranteed accuracy range.

Table 9.50

	Reported value
	Measured quantity value
	Unit

	RT_TIME_0000
	Round trip time < 876.0000
	chip

	RT_TIME_0001
	876.0000 ( Round trip time < 876.0625
	chip

	RT_TIME_0002
	876.0625 ( Round trip time < 876.1250
	chip

	RT_TIME_0003
	876.1250 ( Round trip time < 876.1875
	chip

	…
	…
	…

	RT_TIME_32764
	2922.6875 ( Round trip time < 2923.7500
	chip

	RT_TIME_32765
	2923.7500 ( Round trip time < 2923.8125
	chip

	RT_TIME_32766
	2923.8125 ( Round trip time < 2923.8750
	chip

	RT_TIME_32767
	2923.8750 ( Round trip time < 2923.9375
	chip

	…
	…
	…

	RT_TIME_86654
	6291.8125 ( Round trip time < 6291.8750
	chip

	RT_TIME_86655
	6291.8750 ( Round trip time < 6291.9375
	chip

	RT_TIME_86656
	6291.9375 ( Round trip time < 6292.0000
	chip

	RT_TIME_86657
	6292.0000 ( Round trip time
	chip


9.2.9
Transport Channel BER

The measurement period shall be equal to the TTI of the transport channel. Each reported Transport channel BER measurement shall be an estimate of the BER averaged over one measurement period only.

9.2.9.1
Accuracy requirement

The average of consecutive Transport channel BER measurements is required to fulfil the accuracy stated in table 9.51 if the total number of erroneous bits during these measurements is at least 500 and the absolute BER value for each of the measurements is within the range given in table 9.51.

Table 9.51

	Parameter
	Unit
	Accuracy [% of the absolute BER value]
	Conditions

	
	
	
	Range

	TrpBER
	-
	+/- 10
	Convolutional coding 1/3rd with any amount of repetition or a maximum of 25% puncturing:
for absolute BER value ( 15%

Convolutional coding 1/2 with any amount of repetition or no puncturing:
for absolute BER value ( 15%

Turbo coding 1/3rd with any amount of repetition or a maximum of 20% puncturing:
for absolute BER value ( 15%.


9.2.9.2
Transport channel BER measurement report mapping

The Transport channel BER reporting range is from 0 to 1.

In table 9.52 the mapping of measured quantity is defined. The range in the signalling may be larger than the guaranteed accuracy range.

Table 9.52

	Reported value
	Measured quantity value
	Unit

	TrCh_BER_LOG_000
	Transport channel BER = 0
	-

	TrCh_BER_LOG_001
	-( < Log10(Transport channel BER) < -2.06375
	-

	TrCh_BER_LOG_002
	-2.06375( Log10(Transport channel BER) < -2.055625
	-

	TrCh_BER_LOG_003
	-2.055625 ( Log10(Transport channel BER) < -2.0475
	-

	…
	…
	…

	TrCh_BER_LOG_253
	-0.024375 ( Log10(Transport channel BER) < -0.01625
	-

	TrCh_BER_LOG_254
	-0.01625 ( Log10(Transport channel BER) < -0.008125
	-

	TrCh_BER_LOG_255
	-0.008125 ( Log10(Transport channel BER) ( 0
	-


9.2.10
UTRAN GPS Timing of Cell Frames for UE positioning

NOTE:
This measurement is used for UE positioning purposes.

The measurement period shall be [1] second.

9.2.10.1
Accuracy requirement

Three accuracy classes are defined for the UTRAN GPS Timing of Cell Frames for UE positioning measurement, i.e. accuracy class A, B and C. The implemented accuracy class depends on the UE positioning methods that are supported.

Table 9.53

	Parameter
	Unit
	Accuracy [chip]
	Conditions

	UTRAN GPS Timing of Cell Frames for UE positioning
	chip
	Accuracy Class A: +/- [20000] chip

Accuracy Class B: +/- [20] chip

Accuracy Class C: +/- [X] chip
	Over the full range


9.2.10.2
UTRAN GPS timing of Cell Frames for UE positioning measurement report mapping

The reporting range is for UTRAN GPS timing of Cell Frames for UE positioning is from 0 ... 2322432000000 chip.

In table 9.54 the mapping of measured quantity is defined.

Table 9.54

	Reported value
	Measured quantity value
	Unit

	GPS_TIME_00000000000000
	UTRAN GPS timing of Cell Frames for UE positioning < 0.0625
	chip

	GPS_TIME_00000000000001
	0.0625 ( UTRAN GPS timing of Cell Frames for UE positioning < 0.1250
	chip

	GPS_TIME_00000000000002
	0.1250 ( UTRAN GPS timing of Cell Frames for UE positioning < 0.1875
	chip

	…
	…
	…

	GPS_TIME_37158911999997
	2322431999999.8125 ( UTRAN GPS timing of Cell Frames for UE positioning < 2322431999999.8750
	chip

	GPS_TIME_37158911999998
	2322431999999.8750 ( UTRAN GPS timing of Cell Frames for UE positioning < 2322431999999.9375
	chip

	GPS_TIME_37158911999999
	2322431999999.9375 ( UTRAN GPS timing of Cell Frames for UE positioning < 2322432000000.0000
	chip


9.2.11
PRACH Propagation delay

9.2.11.1
Accuracy requirement

9.2.11.1.1
PRACH Propagation delay

The accuracy requirement in table 9.55 is valid under the following conditions:

-
The radio conditions are according to 25.104 section 8.7.2.1 Minimum requirements for Static Propagation Condition for BLER=10-1.

-
Only RACH messages with correct CRC shall be considered

Table 9.55

	Parameter
	Unit
	Accuracy [chip]
	Conditions

	
	
	
	Range

	PRACH PropDelay
	chip
	+/-2
	Over the full range


9.2.11.1.2
Void

Table 9.55A Void
9.1.1.1 9.2.11.2
PRACH Propagation delay measurement report mapping

The PRACH Propagation delay reporting range is from 0 ... 2562 chip.

In table 9.56 the mapping of measured quantity is defined. The range in the signalling may be larger than the guaranteed accuracy range.

Table 9.56

	Reported value
	Measured quantity value
	Unit

	PROP_DELAY_000
	0 ( PRACH Propagation delay < 3
	chip

	PROP_DELAY_001
	3 ( PRACH Propagation delay < 6
	chip

	PROP_DELAY_002
	6 ( PRACH Propagation delay < 9
	chip

	…
	…
	…

	PROP_DELAY_252
	756 ( PRACH Propagation delay < 759
	chip

	PROP_DELAY_253
	759 ( PRACH Propagation delay < 762
	chip

	PROP_DELAY_254
	762 ( PRACH Propagation delay < 765
	chip

	PROP_DELAY_255
	765 ( PRACH Propagation delay
	chip

	…
	…
	…

	PROP_DELAY_852
	2556 ( PRACH Propagation delay < 2559
	chip

	PROP_DELAY_853
	2559 ( PRACH Propagation delay < 2562
	chip

	PROP_DELAY_854
	2562 ( PRACH Propagation delay
	chip


