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1. Introduction
At the last TSG RAN WG1 #49 meeting in Kobe, the way forward for P-BCH has been agreed as follows [1]:
· 40 ms TTI

· Number of P-BCH Transmission bursts within 40ms:
· (alt.1) 2 bursts
· (alt.2) 4 bursts

· Mapping of P-BCH bits onto transmission bursts:

· (alt.1) All bits in each burst (each burst is self decodable)

· (alt.2) All bits spread over all bursts
In this contribution, we evaluate the performance of the above CCPCH (common control physical channel) frame formats and mapping schemes of coded bits into the physical channel in conjunction with one of the transmit diversity schemes below: 
· (alt.1) PVS with channel estimation based on S-SCH
· (alt.2) PVS with channel estimation based on both S-SCH and RS

· (alt.3) SFBC with channel estimation based on RS
From the simulation results and the other perspectives we discuss, later in this contribution, we recommend:
· Number of P-BCH Transmission bursts within 40ms:

· 4 bursts

· Mapping of P-BCH bits onto transmission bursts:

· All bits in each burst (each burst is self decodable)

· Transmit diversity scheme:

· SFBC with channel estimation based on RS

In addition, we evaluate the performance at the cell boundary employing either the cell selection or the inter-cell soft-combining.
2. Simulation Assumption
2.1. Frame format

The number of P-BCH transmission bursts within 40ms TTI has been decided as either two or four bursts. This indicates that the following two alternatives of CCPCH frame format as illustrated in Figure 1:
· (format-alt.1) Every subframe #0

· (format-alt.2) Every 2nd subframe #0 (20ms interval)

Format-alt.1 is the frame format that CCPCH is allocated in subframe #0 of every radio frame. On the other hand, format-alt.2 is the frame format that CCPCH is allocated in subframe #0 of every other radio frame.

Format-alt.1 has two obvious advantages.

When PVS is employed as the transmit diversity scheme, allocating the CCPCH symbols separately introduces temporal diversity. Hence the gain of format-alt.1 is larger than that of format-alt.2.
In addition, since the SCH provides the frame timing, the timing of subframe #0 is known at the time of P-BCH reception. Therefore, it is possible for UE to know the P-BCH timing in format-alt.1. However, it is not possible to find the 20ms timing in format-alt.2. UE has to detect the P-BCH timing in format-alt.2 blindly.
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Figure 1: Two alternatives of CCPCH frame format
2.2. Mapping scheme of coded bits into the physical channel
There are two alternative mapping schemes of coded transport block into the CCPCH:
· (coding-alt.1) All bits in each burst (each burst is self decodable, soft combining of bursts possible)

· (coding-alt.2) All bits spread over all bursts

The self decodability means that UE experiencing good channel condition can decode the P-BCH by receiving a single burst. This makes it possible for UEs to reduce power consumption.

From the UE complexity point of view, coding-alt.2 can make the channel coding and mapping process of P-BCH common as that of the other data channel.
2.3. Transmit diversity scheme

PVS and SFBC are the current candidates for the transmit diversity scheme for CCPCH. There are two channel estimation methods for the PVS technique [2-6].
· (txdiv-alt.1) PVS with channel estimation based on S-SCH

· (txdiv-alt.2) PVS with channel estimation based on both S-SCH and RS

· (txdiv-alt.3) SFBC with channel estimation based on RS

In the evaluation, we assumed that transmission power boosting of 3dB is applied to the reference signal.

When using the RS for channel estimation of PVS in txdiv-alt.2, UE has to detect the unknown PVS weight pattern blindly. We assumed that PVS pattern is known in our simulation.
The other parameters are listed in Table 1.

As the UE location, we evaluated the cell interior area and the cell boundary area, respectively. In the cell interior area, the signal from one cell is dominant. And in the cell boundary area, UE receives the signals from the adjacent two cells with the same power.
At the cell boundary area, the additional diversity gain is introduced by either the cell selection or the inter-cell soft combining techniques. We evaluated the performance at the cell boundary area to clarify the influence to each transmit diversity scheme by the additional diversity gain.
Table 1: Simulation parameters

	Bandwidth
	1.25MHz (72 sub-carriers)

	Sub-carrier spacing
	15kHz

	CP length
	4.69 us (short CP)

	P-BCH information bits
	44 bits (including CRC bits)

	Data modulation
	QPSK

	Channel coding
	Convolutional coding with 64 states (K=7) and tailbiting.

One mother code rate: 1/3

	Channel coding rate
	1/24 (assuming 8 times repetition)

	Pilot power offset
	3dB (compared to data symbol)

	Number of Rx antenna
	2 (MRC)

	Number of Tx antenna
	2

	FFT timing detection
	Ideal

	Channel estimation
	ZF

	Channel Model
	Typical Urban 6 path

	UE speed
	3km/h (fD=5.55Hz)

	UE location
	Cell interior area / Cell boundary area


3. Simulation Results
3.1. Cell interior area

We evaluated the BLER performance receiving the P-BCH of 40 ms TTI as shown in Figure 2. The following aspects are indicated from the simulation results.
· There is not much of performance difference between mapping schemes of coded bits into the physical channel. The reason for this is since P-BCH employs repetition coding, no additional coding gain is introduced.
· For PVS, the gain of the frame format that CCPCH is allocated in every radio frame is approximately 0.4dB due to temporal diversity. For SFBC, the difference in performance is negligible.

· PVS with channel estimation based on only S-SCH degrades in approximately 1.5dB than that based on both S-SCH and RS. And SFBC with channel estimation based on RS has about the same performance as PVS with that on both S-SCH and RS.
[image: image2.emf]1.E-03

1.E-02

1.E-01

-10 -9 -8 -7 -6 -5 -4 -3 -2

SNR [dB]

BLER

X211 (Coding over all bursts,  2bursts,  PVSw/SCH)

X221 (Coding over all bursts,  4bursts,  PVSw/SCH)

X111 (Coding in each burst,  2bursts,  PVSw/SCH)

X121 (Coding in each burst,  4bursts,  PVSw/SCH)

X212 (Coding over all bursts,  2bursts,  PVSw/SCH+CPICH)

X222 (Coding over all bursts,  4bursts,  PVSw/SCH+CPICH)

X112 (Coding in each burst,  2bursts,  PVSw/SCH+CPICH)

X122 (Coding in each burst,  4bursts,  PVSw/SCH+CPICH)

X113 (Coding in each burst,  2bursts,  SFBC)

X123 (Coding in each burst,  4bursts,  SFBC)

X213 (Coding over all bursts,  2bursts,  SFBC)

X223 (Coding over all bursts,  4bursts,  SFBC)


Figure 2: BLER performance for P-BCH in cell-interior area
From the simulation result, we recommend the following transmit diversity scheme, CCPCH frame format and the mapping scheme of coded bits into physical channel.
· Transmit diversity scheme: SFBC with channel estimation based on RS
The simulation results indicate that the performance of PVS improves according to the number of bursts by time diversity effect. Nevertheless, achieving the same performance as SFBC, PVS has to utilize the RS as well as S-SCH for the channel estimation. Since the PVS weight pattern is unknown at the UE, the UE has to detect the PVS weight pattern blindly. From the UE complexity point of view, SFBC is preferable.
· Number of P-BCH Transmission bursts within 40ms:　4 bursts
For SFBC, there is not much difference between four bursts and two bursts. However, since the frame which CCPCH is allocated is unknown to UE in two bursts case, UE has to detect the frame blindly. From the UE complexity perspective, the four bursts format is preferable.
· Mapping of P-BCH bits onto transmission bursts: All bits in each burst (each burst is self decodable)
Since the P-BCH is employed the repetition coding, there is no additional coding gain by the coding of all bits spread over all bursts. Since self decodable coding makes it possible for UE experiencing good channel conditions to decode the P-BCH after receiving a single burst. From the UE power consumption point of view, it is preferable that the coded bits are mapped into one subframe.
3.2. Cell boundary area
We also evaluated the BLER performance in cell boundary area as shown in Figure 3. We assumed the following two alternatives for robust reception in the cell boundary area: 
· (inter-cell-alt.1) Cell selection
· (inter-cell-alt.2) Inter-cell soft combining (CDD) [7]

In Alt.1 UE receives the signals of first burst from two adjacent cells and select the cell with larger signal power. Subsequently the UE receives the remaining bursts from that cell. In Alt.2 it is assumed that P-BCH information bits are common between the adjacent cells and soft combining between cells is applicable.
Alt.2 is the method based inter-cell diversity scheme where the cell-specific RSs can be reused as the cell-common RS with CDD by applying the specific delay values for P-BCH in each cell. With this method, the inter-cell diversity can be applied without any additional cell-common RS.
In the cell boundary area, the performance degrades due to the interference of the P-BCH transmissions from the adjacent cell. On the other hand, either cell selection or soft-combining techniques introduce the additional diversity gain. Simulation results shown in Figure 3 indicate similar performance from cell interior case. However the performance difference between format-alt.1 and format-alt.2 is lower since the additional diversity gain reduces the potential of diversity gain.
Our recommendation is the same as the cell interior case.
Simulation results shown in Figure 4 indicate that the performance of inter-cell-alt.1 degrades by the interference of the P-BCH signal from the adjacent cell. On the other hand, the performance of inter-cell-alt.2 improves as signals from two adjacent cells are combined.
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Figure 3: BLER performance for P-BCH in cell boundary area
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Figure 4: BLER performance difference between cell selection and inter-cell soft combining
4. Summary

In this contribution, we evaluated the performance of the various CCPCH frame format, the mapping scheme of coded bits into the physical channel and the transmit diversity scheme candidates. From the simulation results and the other perspectives we discussed in the contribution, we recommend:

· Transmit diversity scheme: SFBC with channel estimation based on RS
· Number of P-BCH Transmission bursts within 40ms:　4 bursts
· Mapping of P-BCH bits onto transmission bursts: All bits in each burst (each burst is self decodable)

In addition, we also evaluated the performance at the cell boundary area. Simulation results indicated that the performance degrades by the interference from the adjacent cell there. By employing the inter-cell soft combining technique the performance significantly improves.
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