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1. Introduction

The performance of two candidate schemes for Node B sync OTA in LCR TDD are analysed in this document. The first one, introduced in [1], is based on DwPCH sequences transmission as the cell sync burst. The second one , a group of new extended sequences proposed in [2], takes the new sequences as the cell sync burst. In this contribution, the performance comparisons are performed between two methods in view of two aspects: DwPCH blanking rate and RACH capacity loss.

2. Comparison and analysis

2.1. Analysis on blanking rate performance
According to the de-centralized procedure for Node B sync proposed in [3], several DwPTS blanking scenarios are used, which is dependent on the interference strength of SYNC_DL of the neighbouring cells. These SYNC_DL can be regarded as interference to the receiving Node-B under the Node B sync procedure.
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Figure 1 Blanking four cells scenario (Example)
In this document, SIR value after the correlator is investigated and analysed in the receiver side. SIR value is used as the criteria for success detection performance of cell sync burst. Simulation Results show the different non-detection probability for the two candidate schemes proposed by Samsung [2] and Siemens [1]. In the simulation, It is assumed that there are six neighbouring Node Bs, One Node B transmits cell sync burst, whilst the other cells transmit the DwPCH sequences. It is assumed that all these signals are transmitted with the same power and shadow fading obeys to a lognormal distribution with 8dB standard deviation.

Simulation Assumption:

Shadowing Std dev: 

8.0

Simulation Loops:

100000
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Figure 2 SIR CDF for 64 bits-length of Cell sync burst
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Figure 3 SIR CDF for 128 bits-length of cell sync burst

In Figure 2 and Figure 3, it is shown that extended sequences based method attains the lower SIR Cumulative density than the scheme with DwPCH sequence for all the cases of DwPTS blanking scenarios. In case 0 dB is assumed as acceptable threshold for success detection, the comparison of non-detection probability between two schemes are listed in Table 1.

	Case
	Blank None
	Blank One
	Blank Two
	Blank Three
	Blank Four

	DwPCH sequences

(64 chips)
	23.88%
	9.66%
	3.81%
	1.16%
	0.18%

	Extended sequences

(128 chips)
	15.2%
	5.04%
	1.684%
	0.492%
	0.074%


Table 1 Non-detection Probability when SIR after correlation is negative

Table 1 shows the non-detection probabilities of received Cell Sync. Burst in the several cases of DwPCH blanking scenario. If we assume 0dB as threshold for success detection (Actually, since the receiving threshold is closely related with the implementation of Node B, Node B from different company can be a different threshold value) and the acceptable threshold for non-detection probability is set to be 0.5%, the only Blanking three case can achieves it in extended sequences side, whilst Blanking four is required for DwPCH sequence side. It can be clearly shown that the method based on extended sequences can reduce the required blanking number in order to get a same level of detecting performance. 

2.2. Analysis of RACH capacity loss

Since there may occur the time delay between transmitting Node B and receiving Node B, it can be possible to take place an overlapping event between cell sync burst and UpPCH sequence, which can have dependency on the cell radius. Even if overlapping exists, there is some possibility that Node B can successfully detect the UpPCH sequences. In this contribution, the analysis on the RACH capacity loss is divided two steps: First is the evaluation of overlapping probability, and second is the consideration of non-detection probability under the overlapping conditions. The RACH capacity loss can be estimated as the multiplication of overlapping probability and non-detection probability under full overlapping conditions. This value can be considered as the upper boundary of RACH capacity loss.

Simulation assumptions and results on the overlapping probability were described in Fig. 4 firstly. 
Simulation assumption:

Shadowing Std dev: 

8.0 dB

Path loss law exponent:
4.0

Max Simulation Loops:

20000000

Cell Radius range:

[1:20] km

Blanking Rate:

once per 16 sub-frame
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Figure 4 Overlapping probability vs. Cell radius

Since the length of the extended sequence is longer than that of the DwPCH sequence, it is natural that the overlapping probability of the extended sequence case is higher than that of the DwPCH case. In the Figure 4, it can be shown that the maximum difference of overlapping probabilities between two approaches is about5.2% when cell radius is between 4km and 8km. When the cell radius is larger than 8km, the overlapping probability difference is decreased according to the increase of cell radius. If cell radius is 11km, the overlapping probability difference is 3%. 

Secondly, simulation was done in order to obtain the UpPCH non-detection probability with full overlapping between cell sync burst and UpPCH sequences at the receiving Node B side [4]. In this simulation, this worst case is assumed, which means the case that UpPCH is overlapped by cell sync burst completely.

Simulation assumption:

Shadowing Std dev:

8.0

Path Loss law Exponent:
4.0

Distance between Node Bs:
1200.0m

Max UpPTS simulation Tx:
8.0

Sync sequence Tx Power:
37.0 dBm

Target UpPTS RX power:
-93.0 dBm

UpPTS RX power max error:
2.0 dB

Number of simulation loops:
50000
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Figure 5 SIR CDF of the received UpPCH after correlation

Figure 5 shows that the UpPCH SIR value after correlator has negative value, which corresponds to the UpPCH non-detection probability 4.05%. .

Finally, the maximum RACH capacity loss compared with DwPCH method can be estimated as: 
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In most cases, since the overlapping between UpPCH and cell sync burst will be occurred partially, the actual value for RACH capacity loss will become much smaller value. If the cell radius is out of the range from 4km to 8km, and the RACH capacity loss based on extended sequence is much smaller than 0.1% compared with DwPCH case. 

3. Conclusion

In this contribution, we compared performance of two methods based on DwPCH and based on extended DwPCH sequence. The DwPTS blanking rate and RACH capacity loss are evaluated by simulation. Simulation results indicate that the method based on extended DwPCH sequences can reduce the DwPCH blanking rate compared with the DwPCH-based method. The simulation results also shows that the RACH capacity loss difference between these two methods is very small, and the maximum value of performance difference is about 0.21%. Based on this simulation results, we conclude that the use of proposed extended sequences for Node B sync attains little RACH capacity loss, and this also result in acceptable performance degradation when we use the proposed extended sequence instead of original DwPCH sequence. Finally, we propose this new extended sequences to be included as a new synchronization sequence for Node B synchronization by air in 1.28 Mcps TDD specification.
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