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1. Introduction
The random access procedure is used for initial access or scheduling request by UE which does not have a resource allocation. Two important issues are described in the LTE requirement [1] related with random access procedure. The first one is short transition time from the STANDBY state to the READY state, which is required to be less than 100ms in the requirements. The second one is a large cell size with a maximum of 30Km. To achieve low latency, fast acquisition of random access is critical and to extend a cell size, high detection probability at low SNR is important. To satisfy both conditions, the UE should exploit its all potential capability.
The baseline antenna configuration for downlink single-user MIMO is two transmit antennas at the UE and two receive antennas at the cell site [2]. In the RAN1 LTE MIMO teleconference in February, a text proposal on uplink transmit antenna selection was agreed to the uplink MIMO section of TR 25.814 [3], [4]. 
If we adopt transmit antenna switching for random access bursts, we can get a diversity gain without increasing UE complexity significantly [5], which enables both fast detection and a large cell coverage.
This contribution proposes a time switching transmit diversity (TSTD) for random access transmission.
2. Random Access Procedure
Resource for random access procedure is reserved for the case when UE requests a resource. Efficient solution of such a situation should be contention-based random access procedure where collision is inevitable [6]. At this time, the random access channel structures that have been considered on e-mail discussion [7] are TDM/FDM and CDM structures.

As stated in TR 25.814, the baseline antenna configuration for E-UTRA downlink is 2x2, the UE has two transmit antennas. In February LTE MIMO teleconference, it was agreed to include transmit antenna selection in uplink MIMO as a study item when the number of RF chains in UE is less than the number of UE transmit antennas [4]. In this contribution we propose TSTD for random access transmission.
The proposed UE structure with an antenna switching block is shown in Fig. 1. An example structure which combines TDM/FDM structure with TSTD is illustrated in Fig. 2
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Figure 1 UE structure with an antenna switching block
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Figure 2 TDM/FDM example with time switching transmit diversity
In Fig. 2, the UE sends random access bursts on different sub-bands chosen randomly at different times, while switching the transmit antenna from burst to burst until the UE receives the ACK signal. In our scheme, Node B does not need to know the configuration or selection of the UE antenna when receiving random access bursts. After receiving ACK signal, the UE transmits a message or data using the antenna which has been used for transmitting the last random access burst.

3. Benefits of TSTD
If transmit antenna spacing at the UE is a half wavelength and angular spread is large enough, then correlation between transmit antennas can be sufficiently small [8]. In this case we can expect performance gain with TSTD for random access procedure. By adopting TSTD 1~2 dB average gain was expected from UL-MIMO discussion [5]. Performance gain using TSTD is expected in the following specific situations.
- At low UE speeds, the switching diversity still exists while time diversity gain is small.
- For narrow bandwidth, the switching diversity still exists while frequency diversity gain is small.
- For indoor environments, the switching diversity still exists while frequency diversity gain is small due to small delay spread.
TSTD is compatible with all other random access schemes proposed by other companies. 
4. Simulation

We evaluate the proposed method with 1.25 MHz as transmission bandwidth for one random access burst. As a preamble sequence we employ Zadoff-Chu sequences which have ideal auto-correlation and cross correlation [9].  The random access preamble structure is shown in Figure 3. The preamble sequence with length N = 73 is placed within a 1.25 MHz band in the frequency domain and the time domain signal of the preamble sequence is repeated six times to occupy 400 us. The last 100 us is reserved as a guard time, which is sufficient for 15 km cell [9] 
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Figure 3 Random Access preamble structure
The preamble detection is done using time domain auto-correlation with the stored time domain signal. Six auto-correlation results for 6 repetition sequences are combined and compared with the detection threshold. The preamble detection threshold is determined for each Rx antenna configuration at the Node B, with a target false alarm rate of 10-3.  Simulations focus on latency comparison between the proposed method and the conventional method. The miss detection rate, false alarm rate, and latency are defined as follows.

· Miss detection rate : the probability of a particular code not being detected when the code has been transmitted

· False alarm rate: the probability of a particular code being detected when nothing has been transmitted.

· Latency: the time elapsed to receive first ACK signal when RACH is transmitted every 10 ms frame.

Table 1 shows simulation parameters.

Table 1 Simulation parameters
	Transmission Bandwidth
	1.25 Mhz

	Transmission Scheme
	Localized FDMA

	RACH TTI Length
	0.5 ms

	Guard Time
	0.1 ms

	RACH interval
	10 ms (1 frame)

	Signature Pattern
	Zadoff-Chu CAZAC

	Length of CAZAC sequence(N)
	73

	Repetition factor(M)
	6 (total preamble length : 400 us)

	FFT size
	2048 (20 Mhz)

	Number of UE
	1

	Antenna Configuration
	1x1, 2x1, 1x2, 2x2

	Detector
	Time-domain auto-correlation

	Channel model
	TU, 3 Km/h

	UE : AS/ Topology
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	Node B :  AS/ Topology
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	False Alarm Prob.
	0.001


Figure 4 shows the miss detection probability as a function of Es/No for various antenna configurations in TU-3 km/h. Here, Es/No is defined as Es/No per sample averaged over time. The false alarm rate is set to 10-3 . It is found that receiver diversity with two Rx antennas has a performance gain of 6 dB at a miss detection rate of 10-1 , while transmit diversity does not have any gain.  
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Figure 4 Miss detection rate vs. Es/No (TU 3 km/h)
Figure 5 shows latency as a function of Es/No for various antenna configurations. Although the miss detection rate of the TSTD is the same as the single Tx case for a given number of Rx antennas at the Node B, the TSTD has a clear benefit in view of latency because the TSTD has a lower probability of deep fading. It is found that, at the latency of 20 ms, the TSTD have 2.7 dB and 2.0 dB gains for single Rx antenna and two Rx antenna cases, respectively. 

[image: image7.wmf]-22

-20

-18

-16

-14

-12

-10

-8

-6

-4

10

20

30

40

50

60

70

80

90

100

 

 

 

 

FAR = 0.001 

Time(ms)

Es/No per Rx antenna [dB]

 1x1 : No TSTD

 2x1 : TSTD

 1x2 : No TSTD 

 2x2 : TSTD


Figure 5 Latency vs. Es/No (TU 3 km/h)
5. Conclusions

In this contribution, we have proposed TSTD for random access transmission for reduced latency and large cell coverage. The TSTD has been evaluated through simulations for various antenna configurations. The simulation results show that the TSTD has 2.7 dB and 2.0 dB gains for single Rx antenna and two Rx antenna cases, respectively, at 20 ms latency, compared with single-antenna transmission. A text proposal at the end of the document is proposed to be included in the TR 25.814 [2].  
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<<<<<<<<<<<<<<<<<<<<<<<<<<  Start of Text Proposal >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

9.1.2.1.3. Preamble Design Principle
The random access channel sequence(s) (e.g. based on CAZAC/GCL) used to generate the transmitted random access preamble waveforms should have the following properties:

1. Good detection probability while maintaining low false alarm rate e.g. by maximizing post-decoder Es/(Nt+Ne) for a occupied random access channel preamble where Ne is the residual interference due to other random access channel transmissions in a given random access channel and Nt is thermal noise.

2. Number of random access channel preamble waveforms should be defined to handle the maximum expected multiple access scenarios (traffic load) while guaranteeing low collision probability.

3. Enable accurate timing estimation (e.g. good autocorrelation properties and sufficient occupied BW).

4. Low power de-rating (low CM/PAPR).

9.1.2.1.4 Random Access Transmission

Time switching transmit diversity at the UE should be considered to increase cell coverage and to achieve low latency.
<<<<<<<<<<<<<<<<<<<<<<<<<<<  End of Text Proposal >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
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