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1. Introduction
This is the revised contribution of R1-072126.
At the RAN1#48bis Malta meeting, the way forward for 2.5 stage of SCH has been made [1] as follows.

· Max number of hypotheses for SSC: (170 (cell id groups) * 2 (frame timing) * N)

· If needed  for the transmit diversity scheme of CCPCH or indication of number of antennas with the SSC, allowed values of N are 1 or 2:
· N=1: transparent TxDiv for CCPCH

· N=2: used if we want to indicate whether there is a non transparent TxDiv scheme
where N=2 can also intend for S-SCH to only signal the two cases “one TX antenna” and “more than one TX antenna”, which was mentioned on e-mail reflector and can be possible. Even though a cell uses 4 TX antenna for P-BCH transmission, UE can blindly detect 2 or 4 TX antennas by using decoding both alternatives. The complexity of decoding two times is marginal if we assume that the payload of P-BCH is small. And BCH (P-BCH or D-BCH) can contain at most 1 bit of TX antenna information. Based on [1] and [2], the transmit diversity scheme for P-BCH can be selected among the following candidates:
1 Transparent TxDiv (N=1)
2 CDD (N=2)
3 SFBC for 2 TX Node B (N=2) and
A. SFBC+FSTD for 4 TX NodeB

B. SFBC+PSD for 4 TX NodeB
4 Combination of above (N=2)
In this contribution, by showing system level simulation results and analyzing the merit and demerit for each above candidate for only two transmit antenna case, we will give a guideline for the selection of the TxDiv scheme for P-BCH.
2. Frame structures of P-BCH
For transmission of P-BCH, we assume that the TTI size of P-BCH is 10ms and we have the following two allocation structures:

· Structure 1

· With transmitting S-SCH according to the working assumptions [3], we basically place P-BCH in OFDM symbols 3-4 in the first slot of the subframe where S-SCH exists as shown in Fig. 1. Also, we can additionally place P-BCH in OFDM symbol 2 in the first slot in the case when we need to increase the payload size of P-BCH. This structure can be efficient in a sense that by only allocating P-BCH to slots 0 and 10 containing relatively small OFDM symbols (i.e., 2~3 OFDM symbols), NodeB scheduler can allocate the resource for UE as basic slot unit (i.e., 12 subcarriers(4~5 OFDM symbols in slots 1 and 11).
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Fig. 1 An example of frame structure of P-BCH: Structure 1.

· Structure 2
· We place P-BCH in OFDM symbols 3-4 of slot 0 and OFDM symbols 0-6 of slot 1 in subframe 0 within 10 ms as shown in Fig. 2. This structure is a general view of P-BCH frame structure. But in a sense that because of not using slot 10 for P-BCH transmission, NodeB scheduler may separately control the time-frequency resource in slot 10 containing relatively small OFDM symbols (i.e., 2~3 OFDM symbols) for shared data transmission compared to other slots.
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Fig. 2 An example of frame structure of P-BCH: Structure 2.

3. Candidate transmit diversity schemes
For transmission of P-BCH, we introduce the following transmit diversity schemes in accordance with the structure mentioned in Section 2. And for each TxDiv scheme we present its merit and demerit.
· Structure 1

· Transparent TxDiv (TTD)
· We employ the same transmit diversity scheme (e.g., PVS) for P-BCH and S-SCH and use S-SCH symbol as phase reference for P-BCH demodulation.
· Depending on whether P-BCH is sector-specific (SS) or NodeB-specific (NS), S-SCH can be used as phase reference or not. In order to use S-SCH as phase reference,
· For SS P-BCH, S-SCH should be SS.
· For NS P-BCH, S-SCH can be NS or SS. In this case, NS S-SCH is recommended because of simplicity and good performance.
· Precoding vector (PV) for PVS is given by

· 
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· Merit
· We can demodulate P-BCH without knowing the information on the number of transmit antennas.

· We can improve the BLER performance of P-BCH because of denser S-SCH symbols.
· We can obtain the time diversity gain within 10 ms under the frame structure of P-BCH as shown in Fig. 1.
· We can obtain beamforming gain even in time-flat fading channels if we assume that different PVs are used between continuous two frames (e.g., when 
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: odd frame). For example, even though P-BCH is failed in the first frame, the possibility of P-BCH being succeeded in the second frame is higher because of different channel quality due to different PVs.
· Demerit
· When more additionally placing P-BCH as shown in the frame structure of P-BCH in Fig. 2, we may experience the degradation of BLER performance that causes Doppler effect for very high mobility UE.
· SFBC

· We used DL RS as phase reference for P-BCH demodulation.

· Merit

· The demodulation of P-BCH is simple. Since we use only DL RS, we don’t have to additionally estimate the channel state information from S-SCH.
· We can obtain the time diversity gain within 10 ms under the frame structure of P-BCH as shown in Fig. 1.

· Demerit

· The BLER performance of P-BCH depends on whether power boosting for DL RS is applied or not and how much power boosting is used if applied.

· SFBC can’t obtain beamforming gain as mentioned in TTD in time-flat fading channels.
· UE should know the information on the number of transmit antennas before P-BCH demodulation.
· CDD

· We used DL RS as phase reference for P-BCH demodulation.

· CDD diversity matrix is given by

· 
[image: image15.wmf]1

2

10

0

k

j

N

e

pf

éù

êú

êú

ëû

, where 
[image: image16.wmf]N

 and 
[image: image17.wmf]k

 are FFT/IFFT size and subcarrier index, respectively. 
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· Merit/Demerit
· Same as SFBC mentioned above.
· Structure 2

· The transmit diversity schemes as mentioned in Structure 1 can be applied.
· Combination of transparent TxDiv and SFBC (CTTDSFBC)

· We introduce this combination scheme in order to overcome the performance degradation by high mobility UE with transparent TxDiv scheme and to improve the performance compared to only using DL RS as phase reference.

· We employ the transparent TxDiv scheme in slot 0, and then in slot 1 we employ SFBC using DL RS as phase reference for P-BCH demodulation as shown in Fig. 2.

· Merit

· We can further improve the BLER performance of P-BCH, especially for very high mobility UE.

· Demerit

· UE may increase the complexity of P-BCH detection.
· UE needs to estimate both the channel state information from S-SCH and that from DL RS. However, this complexity may be marginal compared to that of pure SFBC because we have to perform SFBC decoding for all P-BCH symbols when pure SFBC is used.
· UE needs to separately perform P-BCH detection, and then we can obtain the recovered P-BCH information by decoding the total detected P-BCH. Even though we may have this demerit, the reason for using S-SCH is because P-BCH is located in the subframe where S-SCH exists and we can improve the reception quality of P-BCH by using it. So, we think there is no reason for not using S-SCH as phase reference for P-BCH demodulation in terms of performance.
· UE should know the information on the number of transmit antennas before P-BCH demodulation.

4. Performance Comparison
We compare system-level BLER performance of the candidate transmit diversity schemes mentioned in Section 3 according to the frame structure of P-BCH. In this simulation, we assume that NS P-BCH transmission is only employed in case of the TTD using NS S-SCH as phase reference. And in the other schemes the SS P-BCH transmissions using SS S-SCH or RS are assumed.
4.1 System-level simulation assumptions
The simulation parameters are shown in Appendix A. In this contribution, we employ the system-level simulator with SCM channel and link-level simulator. This simulator composes 57 sectors and a single UE is dropped iteratively in a random position (i.e., uniform area distribution) as in [4]. The ideal FFT timing detection is assumed. For channel estimation, a DFT-based interpolation method and time-domain interpolation is used. The reason for applying this simple channel estimation method is that it is difficult to use a kind of MMSE-based channel estimation method. That is because for MMSE-based channel estimation, firstly we have to estimate channel covariance matrix which needs long time duration for averaging, which means many S-SCH symbols in many frames are needed to obtain the matrix. But we have to use one or two S-SCH symbols for fast P-BCH demodulation. Also, we assume that the power boosting values of S-SCH and RS over data power per subcarrier are 0 dB and 6 dB, respectively. And RS hopping shown in Appendix A is employed.
4.2 Simulation results

Figs. 3-5 show the simulation results for the 2x2 MIMO channel are shown in the form of cumulative distribution function (CDF) of P-BCH versus average BLER. In these Figures, “BLER after 1 trial” means the block error rate calculated in a conventional manner. “BLER after 2 trials” means the block error rate after observing two consecutive P-BCH transmissions. That is, the block is considered to be successfully decoded if at least one of those two P-BCH TTI blocks is successfully decoded. “BLER after 2 trials” can be used to measure the selection diversity gain.
4.2.1 CDF vs. BLER after 1 trial

In order to observe the performances in highly correlated antenna channels, the SCM Suburban channel is used in Fig. 3 with 3 km/h according to the frame structure of P-BCH. The simulation results of Structure 1 in Fig. 3(a) show that the TTD with NS P-BCH provides the best performance (i.e., about 6% coverage gain compared to the TTD with SS P-BCH) among the diversity schemes. And the TTD with SS P-BCH is followed. Among the schemes using RS, SFBC is better than CDD. Also, the case with SPS is better than that without SPS. As mentioned in Section 3, SPS is different from each sector within the same NodeB, which leads to reducing the other cell interference by beamforming effect on the boundary of sector.
The simulation results of Structure 2 in Fig. 3(b) show that the TTD with NS P-BCH still provides the best performance (i.e., about 10% coverage gain compared to the TTD with SS P-BCH). And the TTD with SS P-BCH is followed. Among the combination scheme and the schemes using RS, CTTDSFBC gives the better performance. Thus, although the complexity of P-BCH detection may increase as mentioned in Section 3, this combination scheme can be candidate in terms of coverage performance. As expected, the coverage performance of this combination scheme will be better than that of TTD in highly time-selective channels (i.e., for high mobility UE) because of channel reliability.
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                        (a) Structure 1                                        (b) Structure 2

Fig. 3 CDF for the average BLER on P-BCH in the SCM Suburban channel, 2 TX antennas, 3 km/h UE: Transparent TxDiv (TTD), Sector-Specific (SS), NodeB-specific (NS), Combination of TTD and SFBC (CTTDSFBC).

In order to observe the performances in low correlated antenna channels, the SCM Urban 15( channel is used in Fig. 4 with 3 km/h according to the frame structure of P-BCH. The simulation results of Structure 1 in Fig. 4(a) show that the TTD with NS P-BCH provides the best performance (i.e., about 5% coverage gain compared to the TTD with SS P-BCH) among the diversity schemes. And the TTD with SS P-BCH is followed. Among the schemes using RS, SFBC is better than CDD as well. 
The simulation results of Structure 2 in Fig. 4(b) show that the TTD with NS P-BCH still provides the best performance. And the TTD with SS P-BCH is followed. Among CTTDSFBC and SFBC, CTTDSFBC gives the best performance as well. Thus, this combination scheme can be candidate in terms of coverage performance.
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                      (a) Structure 1                                        (b) Structure 2
Fig. 4 CDF for the average BLER on P-BCH in the SCM Urban 15( channel, 2 TX antennas, 3 km/h UE: Transparent TxDiv (TTD), Sector-Specific (SS), NodeB-specific (NS), Combination of TTD and SFBC (CTTDSFBC).

4.2.2 CDF vs. BLER after 2 trials

   In Fig. 5 of Structure 2, in case of 3 km/h, the TTD with PVS has significant selection diversity gain of about 18% coverage at 1% BLER as the trial increases from trial 1 to trial 2, whereas CTTDSFBC and SFBC have selection diversity gains of about 9% and 3% coverage, respectively. That is because SFBC has no merit of beamforming gain because of almost no channel variation between the first frame and the second frame. However, the TTD can obtain a great deal of beamforming gain because of different channel quality due to different PVs. Thus, if we adopt Structure 2 as P-BCH frame structure for N=2 with non-transparent case, we’d better employ the combination scheme rather than pure SFBC.
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Fig. 5 CDF for the average BLER on P-BCH in the SCM Suburban channel, 2 TX antennas, 3 km/h UE: Transparent TxDiv (TTD), Sector-Specific (SS), Combination of TTD and SFBC (CTTDSFBC).

5. Conclusion

From the simulation results and the merit/demerit analyses of the candidate schemes, we summarize:

· TTD with NodeB-specific (NS) P-BCH has a coverage gain of at least 5% over TTD with sector-specific (SS).

· TTD is better than CTTDSFBC and SFBC in case of 3 km/h regardless of P-BCH structure after 1 trial. After 2 trials, the performance improvement due to selection diversity gains for TTD, CTTDSFBC, and SFBC are 18%, 9%, and 3%, respectively.

· If we assume that P-BCH is transmitted through two discontinuous slots (i.e., slots 0 and 10, Structure 1)

· Recommended TxDiv scheme

· TTD will be adopted (i.e., N=1).
· If we assume that P-BCH is transmitted through two continuous slots (i.e., slots 0 and 1, Structure 2)

· Recommended TxDiv scheme

· CTTDSFBC or SFBC will be adopted because the performance of TTD for high mobility UE may be degraded (i.e., N=2).
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Appendix A
	Parameter
	Assumption/Explanation

	Transmission bandwidth (MHz)
	1.25

	FFT/IFFT size, 
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	128

	Cell layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Frequency reuse
	1

	Carrier Frequency
	2 GHz

	Channel model
	SCM Suburban Macro and Urban Macro 15(

	UE speed
	3 km/h

	Number of occupied sub-carriers
	72

	Number of OFDM symbols per slot
	7

	Size of BCH TTI
	10 ms

	DL RS, P-BCH, S-SCH mapping
	See Figs. 1 and 2

	Number of transmit/receive antennas
	2/2 (MRC)

	Tx/Rx antenna spacing
	4 (/0.5 (


	Total BS Tx power
	37 dBm – 1.25 MHz

	Inter-cell interference modelling
	Explicit modelling of strongest 5 frequency selective multiple antenna interferers

	Antenna Pattern
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	Inter-site distance (ISD)
	500m

	Pathloss model
	128.1+37.6log10(d)  d in Km

	Power boosting value over data power per subcarrier
	S-SCH for PVS: 0 dB, RS: 6 dB

	RS hopping
	Frequency shift index per subframe j at NodeB i = (i+j) modulo 6

	P-BCH payload format
	See Appendix B.

	Drop length
	2000 frames (20s)

	Number of drops
	1600

	Modulation and Channel coding
	QPSK and R=1/3 Convolutional coding

	Channel estimation
	* frequency domain: DFT-based interpolation

* Time domain: linear interpolation (only for channel estimation by DL RS)

	Sequence used in RS and S-SCH
	* Pseudo-random sequence (PRS) of DL RS: GCL with sequence length of 101

* S-SCH: two short Hadamard sequences with sequence length of 32

	Tx diversity scheme
	See Section 3.

< P-BCH Structure 1 >
* TTD
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* CDD: Cyclic delay value 
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* SFBC
< P-BCH Structure 2 >
* The TxDiv schemes as in Structure 1

* CTTDSFBC

  - PVS in OFDM symbols 3-4 in slot 0: same as in TTD in Structure 1

  - SFBC in OFDM symbols 0-6 in slot 1


Appendix B

	The number of BCH OFDM symbols/TTI
	BCH

Payload
	8-bit Tail and 16-bit CRC addition
	Convolutional encoding
	Bit-level repetition and Rate matching
	Total occupied subcarriers
	Effective code rate

	4
(Case 1)
	24
	48
	144
	480
	240
	1/10

	9
(Case 2)
	40
	64
	192
	1104
	552
	1/17.25
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