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1. Introduction
Diversity schemes for common control channels have been discussed [1-5]. The discussion so far has focused on diversity techniques within a cell, i.e. intra-cell diversity. However for certain common control channels such as the P-BCH, it is possible to apply soft-combining among cells within the same NodeB, when the conveyed information is common among the cells. In this contribution, we discuss the feasibility of soft-combining for P-BCH based on the comparison with PCH. By simulation, we show that soft-combining for P-BCH significantly improves the performance at the boundary of the cells within the same NodeB.

2. Soft-Combining for P-BCH
2.1. General

At the RAN1 #46bis meeting in Korea, it was agreed that SCH and P-BCH are transmitted only in the center frequency and their bandwidth is 72 sub-carriers (which is equal to the minimum overall transmission bandwidth) regardless of the system transmission bandwidth [6]. The reason is that during the initial cell search process the system transmission bandwidth of the target cell is unknown to UEs in the Scalable Bandwidth system. Since the P-BCH is allocated such a narrow bandwidth, frequency selectivity may not be exploited to provide diversity gain. Thus other diversity techniques must be used to provide low outage probability and robustness on P-BCH reception.
P-BCH carries static part of the system information that is necessary for the initial cell-search process. Although exactly what information should be carried in the P-BCH will be decided in RAN2, cell-common information within the same NodeB such as the transmission bandwidth will be transmitted on the P-BCH.
Therefore, it is possible for P-BCH to utilize the soft-combining technique among cells to receive such cell-common information. Such a soft-combining scheme can significantly improve the performance at the cell boundary. Basically, P-BCH is specified so that coverage=98% and BLER=1% is achieved without using soft-combining or diversity schemes. Therefore, such an additional performance improvement is beneficial for system operation robustness [7], e.g. cell radius, and UE power consumption by partial receiving of repeated P-BCH [8].

2.2. Comparison with soft-combining of PCH

In general, an idle UE might receive the same paging information from the multiple cells within the same NodeB. Since the PCH is the physical channel to convey cell-common information, it is possible to utilize soft-combining techniques in the same way as the P-BCH. However, at RAN1#46bis, it was agreed, as the working assumption, that soft-combining of PCH from the same eNodeB or different eNodeB are not supported. This is based on the following three aspects:
(1) Gain from 'without soft-combining' to 'with soft-combining among cells within same NodeB'
(2) Overhead of additional cell-common reference signal and
(3) Scheduler complexity
With regard to (1), it was shown that the gain from 'without soft-combining' to 'with soft-combining among cells within same NodeB' is only 0.5dB in [9]. However, this evaluation is based on total received SNR and doesn't take into account the diversity effect due to soft-combining. When this is taken into account, the actual gain should be larger. Since the P-BCH has narrower bandwidth relative to PCH [10], frequency diversity gain for the BCH is smaller than the PCH. Thus, the P-BCH can expect larger performance improvement by using the soft-combining as we show through simulation result in the section 3,

As for (2), we have proposed a method by which cell-specific reference signals can be reused as the cell-common reference signals with CDD by applying the proposed delay values for each cell in [11]. With this method, the soft-combining can be applied without any additional cell-common reference signal. While another method, utilizing the SCH as the phase reference of P-BCH, has been proposed [12], there are some restrictions on the SCH location and SCH structure

Finally with regards to (3), since the frequency bandwidth for P-BCH is fixed, there are no difficulties in scheduling the P-BCH within the cells in the same NodeB.
Therefore, the feasibility of soft-combining techniques for the P-BCH should be discussed in spite of the conclusions related to PCH. 

3. Performance Evaluation

We evaluated the performance of soft-combining for P-BCH discussed in the section 2. To evaluate soft-combining performance, we used following two schemes.

Scheme-1:  No soft-combining


Scheme-2:  Soft-combining (CDD)

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, all cells connected to the same NodeB transmit the same signals with CDD [11]. Then UE can receive the signals with soft-combining.

[Simulation parameters]
Simulation parameters are described in Table 1. The frame format is illustrated in Figure 3. Layout of cells in the same NodeB is shown 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, 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, K=7, tail-biting),

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 NodeB
	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 NodeB
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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 presented in Figure 6. In this figure, the azimuth angle associated to 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 significantly improves the performance around the cell boundary by 2.3 dB. This can be explained by the fact that there is no interference from the cells in the same NodeB and CDD introduces diversity gain among the cells.

4. Summary

Based on the comparison with PCH, we discussed the feasibility of soft-combining for P-BCH. We have shown that soft-combining for P-BCH significantly improves the performance at the cell boundary through simulation. The resulting improvement in P-BCH reception provides higher system operation robustness and lower UE power consumption. Therefore, we recommend that soft-combining techniques for the P-BCH should be discussed by RAN1. 
References
[1] R1-071414, "System Level Simulations of Transmit Diversity for P-BCH", Huawei
[2] R1-071415, "Link Level Simulations of Transmit Diversity for P-BCH with IRC Receiver", Huawei
[3] R1-071448, "Further Evaluation of Tx Diversity Schemes for P-BCH", Nortel
[4] R1-071617, "Location and Transmit Diversity of P-BCH", ETRI
[5] R1-071660, "Primary BCH Performance; Coverage and Detection", Nokia
[6] R2-070768, "Combining of P-BCH", Samsung
[7] R1-072056 "Multiple CCPCH reception for system robustness", Toshiba

[8] R1-071515, " Reference Signal for P-BCH reception with enhancement techniques", Toshiba

[9] R1-070046, "Performance Evaluation of P-BCH", Motorola

[10] R1-071123, "E-UTRA P-BCH Performance Re-Evaluation", Motorola

[11] R1-070304, "Proposed Response to LS on Primary BCH Transmission", Siemens

[12] R1-070733, "P-BCH content and structure in E-UTRA", Texas Instruments





































































- 1/5 -

