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1. Introduction
At the last RAN1 #49 in Kobe, the proposed conclusion for RACH transmission timing alignment for TDD was that 
- No explicit signaling of timing advance for RACH;

- Part of the DL-UL guard period (GP or GP+UpPTS or GP+UpPTS+TS1) shall be used for RACH         reception for frame structure type 2;
It is also noted that there are issues need to be further studied [1]: 

· The RACH transmission timing and its relation to the total idle period or DL-UL guard period needs to be further discussed considering interference between UL and DL.
· Support of cell radius of 100km needs further discussion, considering interference between UL and DL.
For type 2, there are several proposals to set the actual timing alignment
a. The UE can start the preamble transmissions immediately after the DwPTS has been received. 

b. The UE can start the preamble transmission with some delay so that the largest supported cell radius is 5km, 19km and 100km for the three respective DL-UL guard periods. This means the delay corresponds to roughly the maximum one-way propagation delay in the cell

c. The UE can start the preamble transmission with a delay corresponding to the maximum roundtrip propagation delay in the cell.  This would target avoiding eNodeB-eNodeB interference from the first tire at least.

Regarding a and b, concerns regarding UE-UE interference and eNodeB-eNodeB interference were raised as well. We prefer for c because it can avoid interference from the first tier eNodeBs even though the interference from more distant eNodeBs may still exist, this choice is reasonable considering the tradeoff between the interference avoiding and the restricting of the cell size. 
Take frame structure 2 as an example, assuming cell radius is R, the propagation delay from Node B to cell edge users is R/C, and it also takes R/C for RACH sequence sent by cell edge users to reach Node B. If using a delay corresponding to the maximum round trip delay which is 2R/C, to avoid the RACH signal interfere the data which is right after it, we can deduce that:
           2R/C+2R/C< GP 
 When GP = 50us, the largest supported cell radius is (50/4)*c = 3.75km, and if we were to consider also the 8.3us guard in the RACH preamble, the supported cell range is extended somewhat to (50+8.3)/4*c=4.4km. 
When GP = 191us, the largest supported cell radius is (191/4)*c = 14.3km, and for the case that we use the 8.3us guard in the RACH preamble, we get 198/4*c=14.8km.
When GP =866us, the largest supported cell radius is (866/4)*c = 65km, and for the case that we use the 8.3us guard in the RACH preamble, we get 874/4*c=65.5km.
From above analysis we note that the maximum roundtrip propagation delay is also equal to GP/2. For frame structure type 2, using the maximum roundtrip propagation delay as the preamble transmission timing the largest supported cell radius will be 4.3km, 14.8km and 65.5km for the three DL-UL guard periods. This will bring the problem that how to support cell radius of 100km. 
This contribution, therefore, proposes a delay setting method to support cell radius of 100km which can avoid the UE-UE interference and eNodeB-eNodeB interference at the same time. 
2. LTE TDD RACH Transmission timing supporting cell radius of 100km
There are two factors to limit the delay setting. One is the UE-UE interference and eNodeB-eNodeB interference and the other is the cell radius to be supported. Suppose the delay range is (x1, x2), x1 is designed to avoid interference received from other eNodeBs, x2 is designed to meet the requirement of supporting cell radius of 100km.
Table 1: Guard periods for TDD operation with frame structure type 2

	Configuration
	Type 2 guard period

	Normal cyclic prefix
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	50us，191.34us，866.34us

	Extended cyclic prefix
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	50us，191.34us，866.34us

	
	
[image: image3.wmf]kHz

 

5

.

7

=

D

f


	50us，191.34us，866.34us


Table 2: Maximum Guard periods of frame structure type 2.

	Configuration
	Maximum Guard period 

	Normal cyclic prefix
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	866.34us

	Extended cyclic prefix
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	866.34us


Table 1 is guard periods setting for TDD operation with frame structure type 2.
Table 2 is the maximum guard periods supported for TDD operation in frame structure type 2
2.1 x1 calculation process
The value of x1 is depended on the interference received from other eNodeBs. To get the x1 value, we consider the relationship between interference power from eNodeB-eNodeB and the delay time. The channel model and pathloss models between eNodeBs is showed in the Appendix.
2.1.1 Omni cell simulation
Table 3 is the omni cell simulation parameters. 

Table 3: Simulation Parameters
	Parameters
	Value

	Cellular Layout 
	Omni cell, circle which depend on Maximum sight distance 

	Carrier Frequency
	2.6GHz

	Noise density(dBm/Hz)
	-174

	BS received noise figure(dB)
	5

	Bandwidth
	10MHz（1.08MHz）

	Noise power(dBm)
	-108.7(1.08MHz)

	BS TX power (dBm)
	46—10MHz, 36.3—1.08MHz
3dB－DwPTS power boosting

3dB－DwPTS tx diversity gain

	BS antenna height（m）
	30,120,600

	BS omni-antenna rx gain
	8dBi

	BS omni-antenna tx gain
	8dBi

	Feeder loss
	1dB
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Figure 1 interference power/time delay
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Figure 2 interference power/time delay
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Figure 3 interference power/time delay
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Figure 4 interference power/time delay
Figure1 to 4 give the interference power between eNodeBs under different time dealy. It is obvious that the interference power vary with time delay (note that ‘0’, i e, for frame structure type 2, refers to the time point when the eNodeB completely sent the DwPTS). The worst case is supposed in the simulation process, the maximum tx power is sent by other eNodeBs, therefore, the interference power from other eNodeBs is the maximum.
Noise power is -108.7dBm, suppose maximum interference tolerance (include noise power) of the system is -105.7dB. From the simulation results, we can see that if time delay exceeds 198us, the interference from the many tiers eNodeBs will be avoided. It is noted that for the cell radius larger than 30km, adjacent eNodeBs are rather far away the eNB-eNB interference level is small which can be ignored.
2.1.2 3-sector cell simulation
Table 4 is the 3-sector cell simulation parameters. 

Table 4: Simulation Parameters
	Parameters
	Value

	Cellular Layout 
	Hexagonal grid, 3 sectors per site, circle which depend on max Maximum sight distance 

	Carrier Frequency
	2.6GHz

	Noise density(dBm/Hz)
	-174

	BS received noise figure(dB)
	5

	Bandwidth
	10MHz（1.08MHz）

	Noise power(dBm)
	-108.7(1.08MHz)

	BS TX power (dBm)
	46—10MHz, 36.3—1.08MHz
3dB－DwPTS power boosting

3dB－DwPTS tx diversity gain

	BS antenna height（m）
	30,120,600

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Feeder loss
	1dB
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Figure 5 interference power/time delay
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Figure 6 interference power/time delay
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Figure 7 interference power/time delay
Figure5 to 7 give the interference power between eNodeBs with fixed antenna patterns under different time dealy. It is obvious that the interference power vary with time delay (note that ‘0’, i e, for frame structure type 2, refers to the time point when the eNodeB completely sent the DwPTS). The worst case is supposed in the simulation process, the maximum tx power is sent by other eNodeBs, therefore, the interference power from other eNodeBs is the maximum.
Noise power is -108.7dBm, suppose maximum interference tolerance (include noise power) of the system is -105.7dB. From the simulation results, we can see that if time delay exceeds 199us, the interference from the first tier eNodeBs will be avoided
2.2 x2 calculation process
The value of x2 is depended on the requirement of supporting cell radius of 100km.

Assuming cell radius is R, the propagation delay from Node B to cell edge users is R/C, and it also takes R/C for RACH sequence sent by cell edge users to reach Node B, to avoid the RACH signal interfere the data which is right after it, we can deduce that:
x2 <= (GP-
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. Table 4 showed the value which is deduced from the above formula for frame structure type 2.
Talbe 4 Maximum GP and x2
	Frame structure type 2

	maximum GP
	X2

	866.34us
	191.8us

	866.34us
	191.8us

	866.34us
	191.8us


If the 8.3us guard time of the RACH preamble in the frame structure type 2 is considered, table 5 can be deduced:
Talbe 5 maximun GP and x2

	Frame structure type 2

	maximum GP
	X2

	866.34us
	200.1us

	866.34us
	200.1us

	866.34us
	200.1us


From table 5，x2 should equal to 200.1us.
2.3 Summarization of (x1, x2) setting
From above analysis, we can deduce that x1
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x2. We proposed that a delay with 200us which can avoid eNB-eNB interference and meet the requirement of 100km cell radius.

Considering the delay setting for other Guard Periods, finally we can get the delay = Min (GP/2,200us) for frame structure type 2.
3. Conclusion
In this contribution, a delay range(x1, x2) which can meet the requirement of 100km cell radius and avoid interference from other eNodeBs is proposed. According to the analysis, we prefer a delay of 200us.

Finally, regardless of the size of supported cell radius, the fixed delay = Min (GP/2,200us) for frame structure type 2.
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Appendix :channel model between eNodeBs
1. Maximum sight distance


figure 4 maximum sight distance of tx antenna
Maximum sight distance of tx antenna:
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Unit is meter， Ae=6371000(earth physical radius)×4/3＝8495000(m)。

Dual Slop model，the sight distance is deduced according to the antenna height.
Table 5 maximum sight distance and antenna height
	Antenna height(m)
	Maximum sight distance(km)

	30
	45.2

	120
	90.3

	600
	100


2. Dual Slop pathloss model between eNodeBs

The dual-slope LoS propagation model assumes free-space propagation until the breakpoint, d_break. After the breakpoint, the attenuation is increased because of reflections on the ground. The equation below assumes a frequency of 2.6GHz, which corresponds to a wavelength of 0.1154m
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Thereinto d is distance between receiver and transmitter，unit is meter；
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: wavelength. The break point is assumed to appear at the distance where the first Frenel zone is tangent to the ground (reflecting surface). 
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