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1. Introduction
Two channel estimation methods have been proposed so far for P-BCH demodulation [2,3,7,8,9,10]. One utilizes S-SCH, and the other utilizes downlink reference signal as the phase reference. In this contribution, we discuss these two methods from the following four perspectives, and then compare their performance by simulation.

· Applicability for both NodeB-specific and Cell-specific P-BCH

· The number of transmit antennas

· Applicability for the inter-cell diversity

· Channel estimation accuracy
Additional enhancement techniques (e.g. transmit-antenna diversity, inter-cell diversity, etc.,) for P-BCH are also considered. In section 2, we clarify that such enhancement techniques are reasonable from the perspective of UE power consumption. Based on the comparison of these two methods in section 3, we conclude that the reference signal is preferable as the phase reference for P-BCH.
2. UE power consumption assuming soft-combining between multiple P-BCH transmissions
It is proposed that the coding rate per frame of P-BCH should be decided by assuming the soft combining from several frames [1-5]. Low SINR UE can achieve the required coding rate by soft combining multiple P-BCH allocated within each frame (see Figure 1). In this section, we support this proposal with regard to the following two aspects:
- signaling overhead of P-BCH and
- cell search time
Signaling overhead of P-BCH
The coding rate of P-BCH should be decided to be adequately reliable even in the worst case coverage scenario. In the worst case scenario considered in RAN1 [11], assuming 98% coverage reliability in the case3 (ISD 1732m and Penetration Loss 20dB), the required SINR to achieve BLER 1% is about -6.6dB [2][6].

According to [6], assuming an SINR of -6.6dB, the number of sub-carriers required are 480 to transmit only 45 bits of P-BCH with single transmit antenna. This number has a significant impact for the signaling overhead especially in the narrower system bandwidth (e.g. in the case of 1.25MHz (5MHz) system bandwidth, the signaling overhead is 4.8% (1.1%).).

On the other hand, the coding rate assuming the soft combining from multiple radio frames can decrease the number of bits per frame, so the signaling overhead becomes smaller. This is a significant advantage from the system throughput point of view.
Cell search time
With regard to the cell search time, by applying the coding rate assuming soft combining from multiple radio frames, a high SINR UE can correctly demodulate the P-BCH by one frame alone. So the cell search time for such UE doesn't degrade. Meanwhile, the low SINR UE has to receive and combine the P-BCH over multiple radio frames and then the cell search time increase.
However, according to the cumulative distribution of average received SINR within a cell [2][6], the required SINR at 90% (70%) coverage is about -3.6dB (-0.6dB). If assuming the coding rate for worst UE to receive and combine the P-BCH over four radio frames, 90% (70%) of UEs can receive P-BCH by less than two frames (one frame). This means that the number of UEs suffered from the cell search time increasing is limited.
We support this proposal, since the advantage for deciding the coding rate assuming soft combining over multiple radio frames is significant from the system throughput perspective. Although a limited number of UEs are affected by increase in cell search time, it can be improved by applying techniques such as transmit diversity from transmit antennas, soft combining from cells etc.,. Such enhancement techniques need to be considered to reduce the UE power consumption.
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Figure. 1: Soft-combining between multiple P-BCH transmissions
3. Phase reference for P-BCH
3.1. Discussion
Channel estimation for the purpose of P-BCH detection may be performed using S-SCH as the phase reference (referred to as the S-SCH method)[7][8] or using the downlink reference signal (referred to as the RS method)[3][9][10].
In this section, we discuss the feasibility of improving the P-BCH reception using the above two methods. 
Applicability for both NodeB-specific and Cell-specific P-BCH
The S-SCH method assumes that the P-BCH and the S-SCH are transmitted identically (e.g. the number of transmit antennas, transmit diversity scheme for transmit-antennas, soft combining among the multiple cells, etc.,). According to the working assumption so far, it is decided that S-SCH is cell ID group specific (see (c) and (d) in Figure 2). However, P-BCH is not decided as a cell ID group specific ((d) in Figure 2). Therefore, under the current working assumption, S-SCH method cannot be applied.

On the other hand, as for RS method, the RS is orthogonal among the cells in the Cell ID Group. So, it is possible to apply when P-BCH is both cell specific and Node-B specific (see (a) and (b) in Figure 2).

From the above discussion, we prefer RS method. Meanwhile, to apply the soft combining among the multiple cells, the scrambling code of those cells have to be common.
The number of transmit antennas
For the RS method, it is necessary that the number of transmit antennas of the target cell be known or be detected by the UE. On the other hand, for the S-SCH method, it depends on the diversity scheme to be applied for S-SCH. PVS [7] and FSTD [8] are proposed respectively. In the case of PVS, the number of transmit antennas is allowed to be unknown. In the case of FSTD, if unknown, only the S-SCH allocated for transmit antenna#1 can be used. This means that the pilot power becomes half of PVS case. Therefore, if assuming that the number of transmit antennas is unknown, S-SCH assuming PVS as the transmit diversity scheme is preferable from this perspective.
Applicability for the inter-cell diversity
If the P-BCH is a cell ID group specific channel, it is preferable to apply inter-cell soft-combining in order to improve the performance of the P-BCH reception. Since S-SCH method is common between the cells within the same cell ID group, it is difficult to detect the channel of each cell and apply any inter-cell diversity scheme. On the other hand, it is possible, with the RS method, to apply inter-cell diversity schemes by utilizing the orthogonality of RSs.

For example, we have proposed a 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 [9][10]. With this method, the inter-cell diversity can be applied without any additional cell-common RS.
As we show through simulation result in the section 3.2, the gain of proposed inter-cell diversity scheme is significant especially at the cell boundary.
Our preference is RS method applying the proposed inter-cell diversity scheme.
Channel estimation accuracy
It is possible for RS method to improve the channel estimation accuracy utilizing RSs in adjacent radio frames. On the other hand, while the cycle of S-SCH is 5ms and the channel cannot maintain coherency during the cycle unlike RS, it is difficult to obtain the phase reference by utilizing the multiple S-SCH symbols. As a result, RS method can improve the channel estimation accuracy than S-SCH method. 

Note that while cyclic prefix length is unknown at the initial cell search process, some techniques such as blind detection or a restriction about the cyclic prefix allocation may be necessary.
From this p, RS method are preferable.
From the above discussion, we prefer RS method rather than S-SCH method, if the number of transmit antennas is known at P-BCH reception.
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(a) Cell Spec. P-BCH using DL RS 
(b) Node-B Spec. P-BCH using DL RS
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(c) Cell Spec. P-BCH using S-SCH
(d) Node-B Spec. P-BCH using S-SCH
Figure. 2: Phase reference for cell specific and Node-B specific P-BCH

3.2. Performance Evaluation
Based on the discussion in section 3.1, we evaluated the following three schemes.
	 
	Phase Reference
	Soft-combining among cells

	scheme-1
	DL RS
	No soft combining

	scheme-2
	DL RS
	soft combining (CDD)

	scheme-3
	S-SCH
	soft combining


In scheme-1, each cell transmits different signals. Then the UE selects a cell with highest received power through the 3-step cell search process. In scheme-2 and scheme-3, all cells connected to the same Node-B transmit the same signals, while CDD is applied to scheme-2[4]. For phase reference, scheme-1 and scheme-2 use RS, and scheme-3 uses S-SCH. 

[Simulation parameters]

Simulation parameters are described in Table 1. Pilot symbol format is described in Figure 3. In scheme-1 and scheme-2, RS is used for the phase reference. In these cases, RS in the neighboring sub-frames can also be used for channel estimation as mentioned above. So we evaluated the following two options. The first option is using RS in one sub-frame. The second option is using RS in three sub-frames.
In scheme-3, S-SCH is used for the phase reference. Moreover, if FSTD is applied and the number of transmit antennas is unknown, only half of S-SCH can be used. We evaluated these two options for scheme-3. 
Layout of cells in the same Node-B is described in Figure 4. Considering soft-combining among cells, relative power differences among 3 cells strongly affect the performance. We calculated the relative power differences based on the antenna pattern defined in TR25.814. In this manner, the relative power differences are decided only by azimuth angle in the main cell as described in Figure 5. Azimuth angle ranges from 0 to 60 degree. In the case of 0 degree, the power of cell-1 is dominant. In the case of 60 degree, the powers of cell-1 and cell-2 are the same. In scheme-2 and scheme-3, UE can receive both cell-1 and cell-2. On the other hand, in scheme-1, UE can receive either cell1 or cell2. Then the signal from the other cell becomes interference.
Table 1: Simulation parameters

	bandwidth
	1.25MHz (72 sub-carriers)

	Sub-carrier spacing
	15kHz

	CP length
	4.69 us (short CP)

	Data modulation
	QPSK

	Channel coding
	Convolution Code (R=1/3),

8 Repetition

	Pilot power offset
	3dB (compared to data symbol)

	S-SCH power offset
	3dB (compared to data symbol)

	Number of Rx antenna
	2 (MRC)

	Number of Tx antenna
	1

	Number of cells

in the same Node-B
	3

	FFT timing detection
	Ideal

	Channel estimation
	ZF

	Channel Model
	Typical Urban 6 path

	UE speed
	3km/h (fD=5.55Hz)
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Figure. 3: Pilot symbol format
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Figure. 4: cells in the same Node-B
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Figure. 5: antenna pattern of each cell in the main cell
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Figure 6: simulation results (TU6, fD=5.55Hz)
[Simulation Results]

Simulation results are given in Figure 4. In this figure, azimuth angle in the main cell is plotted in the horizontal axis against the total signal power over noise power in the vertical axis. The total signal power corresponds to the total received signal power from all 3 cells. The power ratio of 3 cells is decided based on the antenna pattern. 
In scheme-1, the performance significantly degrades around the cell boundary, since almost half of the received signal is interference around the cell boundary. On the other hand, scheme-2 and scheme-3, which use soft-combining among cells, show good performance even around the cell boundary, since there is no interference from the cells in the same Node-B. Moreover, scheme-2 has better performance around the cell boundary due to CDD. These results say that soft-combining is useful to keep the performance around the cell boundary and applying CDD is useful to improve the performance around the cell boundary. Since UE at the cell boundary tends to be low SINR in general, such a case is more important from the power consumption perspective.
The scheme-1 and scheme-2, which uses RS for channel estimation, can improve the channel estimation accuracy significantly by averaging RS in several sub-frames. On the other hand, scheme-3 which uses S-SCH for channel estimation has some difficulty to realize such kind of averaging. As a result, scheme-1 and scheme-2 can achieve better performance than the scheme-3 around the center of cell. These results indicate that channel estimation with RS can be better than that with S-SCH.
4. Summary
We have clarified that it is reasonable to apply such enhancement techniques for P-BCH reception as transmit-antenna diversity or inter-cell diversity from the perspective of UE power consumption, assuming a soft-combining between multiple P-BCH transmissions.
As channel estimation for P-BCH demodulation, two methods are proposed so far. One utilizes S-SCH, and the other utilizes downlink reference signal. We compared two methods based on the qualitative perspectives and the performance simulation result. We concluded that the reference signal is preferable as the phase reference for P-BCH.
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