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1. Introduction

Some agreements in last Jeju meeting on RACH are summarized as following;

· Frequency Hopping for PRACH (for PRACH > 1.4MHz)

· Define two PRACH frequency regions next (inside the UE TX bandwidth) to PUCCH

· PRACH hops between this two frequency regions

· Hopping period: FFS: 10ms or 40ms.

There are 16 PRACH configurations with maximum random access period of 20ms in TS36.211 [1]. Therefore, UE needs to be aware of the PRACH frequency position which allows RACH transmission in order to perform HO (handover) to target cell. Also, it has the complexity issue from blind decoding of P-BCH because UE has to 12 blind decoding to identify 40ms P-BCH boundary as well as antenna configuration. In this contribution, we discuss some solutions to solve the problem on PRACH transmission timing and compare the detection performance by computer simulations.
2. Discussion on the alternatives
We discuss three alternatives in order that UE recognizes RACH transmission timing in HO; decoding P-BCH, extending RS periodicity [2], and phase modulation on top of SSC (Secondary Synchronization Code) [3].
2.1 Decoding P-BCH

To decode P-BCH for target cell is able to provide RACH transmission timing to UE because the P-BCH boundary for target cell can be acquired through blind decoding. According to the simulation results in [4], however, four P-BCH TTIs which correspond to 40ms might be required to achieve the coverage reliability. Therefore, P-BCH decoding to identify PRACH transmission timing would not be appropriate because it could result in long HO interruption time. As an example, when UE tries to decode P-BCH starting from 2nd P-BCH TTI in 40ms P-BCH period after having done neighbor cell search at 5ms-located Sync channel, 65ms TTIs would be required in order to aggregate four P-BCH TTIs. This is due to the information payloads between P-BCH bursts at the boundary are different by SFN transition. This example is illustrated in Figure 1.
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Figure 1 Example of decode seven P-BCH TTIs in order to aggregate four P-BCH TTIs
2.2 Extending RS periodicity
By extending RS periodicity from 10ms to 40ms, UE might be able to identify 10ms P-BCH boundary using reference signal. It could have some facts to be considered as follows;
· This could impact on UE measurement. With 40ms RS periodicity, UE has four ambiguities on the 10ms boundary because UE is able to identify only 10ms radio frame via cell search procedure. It has something to do with additional complexity and accuracy for measurement.

· Because UE does not know the system bandwidth of target cell, UE can use only RS within 1.25MHz bandwidth at SCH subframe and the first/second OFDM symbol at each subframe in order to detect 40ms P-BCH boundary. In other words, the use of RS for detecting P-BCH boundary could be limited.
· Basically, to detect some information from RS results in an increase of detection error (or detection time). Since DL RS is supposed to be transmitted at 0st and 4th (or 3th for long CP) OFDM symbol in every slot and at every 6th subcarrier, the detection performance would be degraded due to both time and frequency selectivity. Under residual timing/frequency offset environment or high Doppler scenario, the detection performance would be more degraded. For reference, the simulation results of detecting RS for information compared with loading by S-SCH can be found in some previous documents [5]-[8].
2.3 Phase modulation on top of SSC
The modulation by certain phase on S-SCH can provide information about 40ms P-BCH boundaries. We consider two possibilities for phase modulation as follows;

· QPSK modulation by either +1, +j, -1, or -j on top of entire S-SCH to identify 4 P-BCH boundaries. Each value represents P-BCH boundary identification (see Figure 2).

· BPSK modulation by either +1 or -1 on top of each SSC within an S-SCH (see Figure 3). Each sign combination represents P-BCH boundary identification. For example,

· (SSC0, SSC1) for 0ms P-BCH boundary

· (SSC0,- SSC1) for 10ms P-BCH boundary

· (-SSC0, -SSC1) for 20ms P-BCH boundary
· (-SSC0, SSC1) for 30ms P-BCH boundary
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Figure 2 QPSK modulation for P-BCH boundary indication
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Figure 3 BPSK modulation for P-BCH boundary indication
This phase modulation can provide full flexibility to UE while it can hardly result in any drawback to current LTE structure. For example, if a UE needs to reduce the effort on blind detection, it can get ‘boundary information’ by coherent SSC detection. If a UE doesn’t care about these blind detections, it can perform P-BCH blind detection after either coherent or non-coherent SSC detection. Note that UE can also identify 20ms region by detecting different signs between two SSCs from differential BPSK modulation across two short SSCs in a S-SCH as shown in Figure 3. In other words, if UE needs to know only 20ms boundary for PRACH transmission in HO, it can fully provide the PRACH transmission timing information without restriction of channel estimation via SSC sign combination by whether their signs are the same (at even numbered subframe) or different (at odd numbered subframe). 
3. Simulation

3.1 Simulation environments
We evaluated the detection error rate on P-BCH boundary detection by applying RS periodicity extension and phase modulation, which were described in section 2.2 and 2.3. The single cell model which reflects asynchronous network as well as two-cell model which reflects synchronous network was evaluated. The detection of 40ms P-BCH boundary is defined as following three consequent procedure; 1) timing acquisition and three cell ID detection in P-SCH ( 2) 168 cell group ID and 5ms frame timing detection ( 3) 40ms P-BCH boundary detection.  
For RS detection for 40ms P-BCH boundary during 5ms, UE used 60 resource elements of RS, in which 48 REs are for RS in Sync channel subframe and 12 REs are for the first-OFDM-symbol-RS in the next subframe. 
Two-cell scenario is illustrated in Figure 4 (referred from [9]).
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Figure 4 Two-cell model for neighbor cell search
For two cell model, we assume different PSCs between two cells which is the case of good cell-planning. The simulation environments are assumed as two-synchronized cells which are connected cell (Iconnected) and neighbor cell (Ineighbor). The signals from other cells (Iother) are modelled by AWGN. Replica-based correlation is applied for timing acquisition and three cell identification using P-SCH during 5ms. After that, joint ML SSC detection is performed for detecting 168 cell group IDs and 5ms-frame boundary during 5ms. The detailed simulation parameters are summarized in Table 1.
Table 1 Simulation parameters

	Parameters
	Explanations

	Carrier frequency
	2GHz

	Sampling rate
	1.92MHz

	FFT size
	128

	CP type
	Short CP

	PSC
	63-length ZC with root indices 25, 29, 34 [1]

	SSC
	Circular shifts of 31-length M-sequence generated from x^5+x^2+1 [1]

	SSC mapping / index pairing
	Swapping / Diagonal pairing [1]

	Number of hypotheses on S-SCH
	336 (=168*2)

	SSC scrambling
	PSC-based scrambling only generated from x^5+x^3+1

	Averaged duration of PSC
	5ms

	Averaged duration of SSC
	5ms

	Frequency offset
	(0.1ppm, (5ppm (uniform distribution)

	Frequency offset estimator
	OFF for (0.1ppm

ON(differential based) for (5ppm

	PSC detection
	One-part replica based for (0.1ppm frequency offset

Two-part replica based for (5.0ppm frequency offset

	SSC detection
	ML by coherent detection

	Channel estimation
	DFT-based estimation

	Tx power ratio between SCH and data
	1 (same)

	RS boosting compared with SCH/data subcarriers
	0dB, 3dB

	Cell specific RS shifting
	applied

	RS detection for 40ms P-BCH boundary
	Non-coherent detection

	# of Tx/Rx antennas
	1 Tx and 2 Rx antennas

	Channel model
	TU6

	UE speed
	120km/h

	Cell deployment scenario
	Single-cell / Two-cell scenario

	Ineighbor/Iother (for two-cell model)
	　3dB

	Received timing difference
	0


3.2 Simulation results
From Figure 5 to Figure 8, the performances of the detection error rate for above three alternatives such as BPSK modulation, QPSK modulation and extension of RS periodicity are shown according to the simulation environments described in section 3.1. It is observed that;
· In general, BPSK modulation shows the best performance among three alternatives.

· With RS detection, the performance is severely degraded in comparison with other alternatives due to time/frequency selectivity and non-coherent detection. The performance is affected by frequency offset as well as by high Doppler.

· With QPSK modulation, the performance is degraded in case of high frequency offset.

· Even in worst case, the performance gaps between current S-SCH itself and BPSK modulation are as follows;

· In single cell model, less than 0.2dB SNR @ 10-1~10-2 detection error rate with 5ppm FO
· In two cell model, less than 0.35dB Ineighbor/Iconnected @ 10-1~10-2 detection error rate with 5ppm FO
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Figure 5 Single cell model, TU 120km/h, Frequency offset 0.1ppm
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Figure 6 Single cell model, TU 120km/h, Frequency offset 5.0ppm
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Figure 7 Two cell model, TU 120km/h, Frequency offset 0.1ppm
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Figure 8 Two cell model, TU 120km/h, Frequency offset 5.0ppm
4. Conclusions

In this contribution, we discussed three alternatives and performed simulations to resolve PRACH transmission timing problem in HO. BPSK modulation can provide full flexibility to UE while it can hardly result in any drawback to current LTE structure. Based on our simulation results, we propose BPSK modulation on top of SSCs as information of P-BCH boundary to provide a UE with the flexibility.
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