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1. Introduction
At the RAN1#46bis Seoul meeting, candidate transmit diversity schemes were selected [1] for SCH and other control channels including BCH. If the same intra-sector diversity scheme is used for S-SCH and P-BCH, S-SCH symbols can be used as phase reference for BCH demodulation as proposed in [2]-[7]. In addition to the intra-sector diversity, if P-BCH and S-SCH are Node B-specific, the same inter-sector diversity scheme can be applied to those channels. In this contribution, we present link level simulation results for the candidate transmit diversity schemes. The simulation results suggest that the same intra-sector and inter-sector diversity scheme should be used for SCH and BCH for better BLER performance and lower UE complexity.

2. P-BCH Channel Structure

All UEs should be able to receive P-BCH information at the beginning of initial access setup without any control signalling and regardless of the UE capability and the system transmission bandwidth ranging from 1.25 to 20 MHz. Also, the required BLER and delay of P-BCH should be guaranteed in order to satisfy the outage probability for all UEs within a target sector. To meet these requirements, we propose the following P-BCH transmission method [2]-[6].
· The P-BCH is multiplexed into 2 subframes within one frame for time diversity.

· The P-BCH and S-SCH symbols are located adjacently to each other and employ the same transmit diversity scheme to allow for BCH demodulation using channel estimates from S-SCH.

· Depending on whether the P-BCH is sector-specific or Node B-specific, we introduce the following approaches:

· In case of Node B-specific (NS) P-BCH

· A1. In three-step cell search with the sectors of the same Node B grouped together in the second step as shown in Fig. 1(a), the NS S-SCH can be used as phase reference for NS P-BCH detection [6], where UE doesn’t have to know the mapping relation between sector ID and NodeB ID and UE makes only one channel estimation for P-BCH demodulation.

· A2. In two-step cell search, the sector-specific (SS) S-SCH as shown in Fig. 1(b) can be used as phase reference for NS P-BCH demodulation [3]. In this case UE should be assumed to know such mapping relation and to make the channel estimation for each desired sector within the same NodeB, which results in more UE complexity and worse performance of channel estimation compared to A1.
· In case of sector-specific (SS) P-BCH
· A3. In two-step cell search, the SS S-SCH as shown in Fig. 1(b) can be used as phase reference for SS P-BCH demodulation.
· Preference.

· Since all UEs receive P-BCH information wihout any control signalling just after initial cell search procedure, we cannot apply any link adaptation and power control. Thus, it is very important to select a P-BCH transmission scheme that is robust in terms of reception quality and complexity. So, we prefer A1, the NS P-BCH transmission using S-SCH as phase reference because of the following merits: A1 takes an advatage of achieving the inter-sector diversity gain on the boundary of sector and performs only one channel estimation for P-BCH demodulation without knowing such mapping relation as mentioned above. Furthermore, if NodeB wants to have different antenna configuration among sectors within the same NodeB, there are the following two possibilities: Firstly, the NS P-BCH can contain the signalling bits needed the antenna configuration for each sector. In this case, we need 5 bits if we consider that secot consists of one, two, and four antennas. Secondly, the number of the signalling bits can be set to be 3 in the NS P-BCH when the SS S-BCH employ at maximum two antennas for their demodulation although the sector consists of four antennas, which is desirable as the following reason: S-BCH may be multiplexed after the third OFDM symbol of the slot where S-BCH exists in DSCH. If so, high speed UE had better not use antennas and 3 and 4 in terms of the time-domain interpolation performance of channel estimation because there is no pilots for such antennas according to currrent working assumption of DL RS structure
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Fig. 1 Examples of NS S-SCH and SS S-SCH depending on cell search procedure.

2.1 Time-domain Structure
We show an examples of time multiplexing for DL reference signal (RS), SCHs, and P-BCH in Figs. 2(a) and 3(a), where the SCHs and P-BCH are multiplexed into two slots within the frame. The SCHs and P-BCH symbols are placed adjacent to each other and are transmitted using the same transmit diversity scheme. We present the location of the P-BCH and SCHs as shown in Figs. 2(a) and 3(a). DL RS or S-SCH can be used as phase reference for BCH demodulation. In this contribution, P-BCH is transmitted in the fourth and fifth OFDM symbols in the slot where P-BCH is transmitted. When DL RS is used for channel estimation, we exploit the pilot symbols in the first and fifth OFDM symbols. When S-SCH is used for channel estimation, the S-SCH symbols in the sixth OFDM is employed.

2.2 Frequency-domain Structure
We show an example of frequency multiplexing in Figs. 2(b) and 3(b). When we employ PVS for the P-BCH and the S-SCH as shown in Fig. 2(b), the S-SCH symbols are multiplexed into 72 subcarriers (i.e., the total number of used subcarriers corresponding to 1.25 MHz). And the P-BCH and the S-SCH symbols are weighted by the same precoding vector (PV), which is switched by slot-by-slot. The detailed allocation method of PVS is explained in Section 3. On the other hand, when we employ FSTD for the P-BCH and the S-SCH as shown in Fig. 3(b), the S-SCH symbols are multiplexed into 36 odd subcarriers and 36 even subcarriers that are mapped to different antennas to each other. Also, the P-BCH symbols are multiplexed in the same manner as the S-SCH symbols.
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Fig. 2 An example of frame structure of SCHs and P-BCH in case of PVS.
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Fig. 3 An example of frame structure of SCHs and P-BCH in case of FSTD.

3. Transmit Diversity of P-BCH
We propose the same intra- and/or inter-sector diversity scheme for P-BCH and S-SCH, where we use PVS scheme as one of possible same diversity schemes. We explain the proposed diversity scheme by using the following transmission modelling where it is assumed that the number of sectors within each Node B is three.
3.1 BCH Transmission and Reception
In Fig. 2, the transmitted signal 
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, the same PV for S-SCH and P-BCH per sector is used. In case of SS P-BCH (A3 mentioned in Section 2), an example of the PV 
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where 
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 is introduced in order to achieve soft-combining diversity among sectors within the same NodeB and to reduce the performance unbalancing among sector boundaries within the NodeB.
   At the receive side, we estimate the channel state information using S-SCH symbols as mentioned in Section 2. And then the estimated phase reference of the channel is used in P-BCH demodulation without any information of both the used PV and the number of transmit antennas.
3.2 Merit of Same Transmit Diversity for P-BCH and S-SCH

By employing the same transmit diversity scheme (e.g., PVS, FSTD) for adjacent S-SCH and P-BCH as shown in Figs. 2 and 3, the S-SCH symbols can be used as phase reference for the P-BCH, which is assumed to be ‘Case 1’. Also, even though we employ the different diversity schemes for S-SCH and P-BCH (e.g., FSTD for S-SCH, SFBC for P-BCH), the S-SCH symbols can be used as phase reference, which is assumed to be ‘Case 2’. Let’s compare Case 1 with Case 2 in terms of channel estimation performance and whether UE makes a blind detection of the number of transmit antennas or not. 

Firstly, the channel estimation using the S-SCH as in Cases 1 and 2 is expected to perform better than that using DL RS because of denser S-SCH symbols. For example, DL RS symbols are allocated every sixth subcarriers for each transmit antenna regardless of the number of antennas. But in two antenna case, the S-SCH symbols of PVS in Fig. 2 are located on every subcarrier for all antennas and those of FSTD in Fig. 3 are located on every other subcarriers for each antenna. In four transmit antenna case, while the S-SCH symbols of PVS are still located on every subcarrier for all antennas, those of FSTD are located on every four subcarriers for each antenna. It can be indicated that PVS becomes better than FSTD in terms of channel estimation performance as the number of antennas increases. Thus, the case when PVS is applied in Case 1 outperforms Case 2 in terms of improvement in channel estimation.
Secondly, in Case 1, the UE can avoid blindly detecting the number of transmit antennas. However, in both Case 2 and the case when the UE can use DL RS as phase reference for P-BCH demodulation, the UE may employ blind detection regarding the number of transmit antennas used in the P-BCH transmission, which increases the UE receiver complexity. One way to solve this problem is that the S-SCH contains the information of the number of transmit antennas [10]. This solution, however, may cause the performance degradation of cell search second step and increase the processing complexity of cell search procedure because of increasing decision variables like the number of S-SCH cell group sequences.
4. Performance Comparison
We compare link-level BLER performance of the candidate transmit diversity schemes (PVS, FSTD, SFBC) with different channel estimation mechanisms for P-BCH demodulation as described in the above.

4.1 Link Level Simulation Assumption
The simulation parameters, based on [11], are shown in Table 1. The QPSK modulation with rate 1/3 convolutional coding with repetition factor of 3 is used. The ideal FFT timing detection is assumed. For channel estimation, a DFT-based interpolation method and time-domain interpolation is used. The time- and frequency-domain structures of the 1.25 MHz band P-BCH are shown in Figs. 2 and 3. In order to observe the BLER performances in low and high correlated channels among transmit antennas, both the low correlation (LC) and high correlation (HC) cases are considered by using correlation matrix with TU6 channel model in Table 1. In this paper, we consider 19 NodeBs, antenna pattern, and pathloss exponent value of 3.76 as shown in Table 1. But for simplicity it is assumed that there is no shadowing effect. Also, to compare the demodulation of SS P-BCH with that of NS P-BCH in terms of BLER performance, we assume that UE is located in the center of sector or on the boundary of sector as shown in Fig. 4, where signal to interference ratio (SIR) value for each UE position is given in Table 1..Moreover, for transmission of NS P-BCH and SS P-BCH, we assume A1 and A3 mentioned in Section 2, respectively.
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Fig. 4 Cell layout.

The P-BCH transport formats are shown in Table 2. The transport formats are employed just for comparison of different candidate transmit diversity schemes. It is noted that in UTRAN, one 246 bit transport block is delivered to the physical layer every 20 ms, giving a bit rate of 12.3 kbps, and the 16 bit CRC is attached. The P-BCH transport format is categorized according to the number of P-BCH symbols and repetition factor within a fixed P-BCH TTI of 10 ms.

Table 1 Simulation assumptions
	Parameter
	Assumption/Explanation

	Transmission bandwidth (MHz)
	1.25

	Cell layout
	Hexagonal grid, 19 NodeBs, 3 sectors per NodeB

	UE position
	* Sector boundary (See Fig. 4)

* Sector center (See Fig. 4)

	Singal to interference ratio (SIR) per UE position 
	* Sector boundary case

- Inter-sector diversity case (i.e., softcombining case): SIR=8.98 dB

- Intra-sector diversity case (i.e., no softcombining case): SIR=-0.98 dB

* Sector center case

- Inter-sector diversity case (i.e., softcombining case): SIR=15.67 dB

  - Intra-sector diversity case (i.e., no softcombining case): SIR=14.28 dB

	Slot duration (ms)
	0.5

	Number of occupied sub-carriers
	72

	Number of OFDM symbols per slot
	7

	Size of BCH TTI
	10 ms

	DL RS, BCH, SCH mapping
	See Fig. 2

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

	Channel
	UMTS 6-ray TU with correlation matrix. The AoD for all multipaths is uniformly distributed with [-90(, 90(] for each simulation drop

	Spatial correlation (SC) between inter-antennas
	* (SC value at NodeB, SC value at UE): LC case (0.0, 0.0), 

                                 HC case (0.8, 0.8)

	Antenna Pattern
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	Inter-site distance (ISD)
	1732m

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

	Path-delay offset per NodeB at UE
	Assumed

	Shadowing model
	Not assumed

	Power boosting value over data power per subcarrier for each antenna
	S-SCH for PVS: 0 dB, S-SCH for FSTD: 3 dB, RS: 6 dB

	Tx diversity scheme
	* PVS (See Section 3)
  - PVs: 
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* FSTD, SFBC

	Modulation and Channel coding
	QPSK and R=1/3 Convolutional coding with repetition factor of 3

	Channel estimation
	* frequency domain: DFT-based interpolation

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

  DL RS)

	Reference signal for channel estimation
	* DL RS: FSTD, SFBC
* S-SCH: PVS, FSTD, SFBC

	Sequence used in RS and S-SCH
	* DL RS: GCL with sequence length of 101
* S-SCH: GCL with sequency length of 347

	Diversity schemes for P-BCH transmission 
	* PVS using NS S-SCH of PVS as phase reference for NS P-BCH detection

* PVS using SS S-SCH of PVS as phase reference for SS P-BCH detection

* FSTD using S-SCH of FSTD as phase reference for SS P-BCH detection

* SFBC using S-SCH of FSTD as phase reference for SS P-BCH detection

* FSTD using DL RS as phase reference for SS P-BCH detection

* SFBC using DL RS as phase reference for SS P-BCH detection


Table 2 BCH transport format
	The number of BCH symbols/TTI
	BCH

Payload
	8-Tail 
bit
addition
	Convolutional encoding and

Rate matching
	Repetition factor

and

Resource mapping
	Total occupied subcarriers
	Shown/

Not shown

	4
	46
	54
	160 

(2 bits punctured)
	(3
Slot 0: 72 (0~71)

     +48 (72~79, 0~39)

Slot 10: 

      72 (40~79, 0~31)

     +48 (32~79)
	(72+48)(2=240
	Shown

	4
	32
	40
	120
(Not  punctured)
	(4
	“
	Not shown


4.2 Link simulation result
  Figs. 5-10 show the BLER performances at the link level at a given mobile velocity when UE is located in the center of sector and on the boundary of sector. 
  For sector center in Figs. 5-7, It can be seen that (1) in both correlation cases, all transmit diversity schemes using S-SCH outperform those using DL RS even though no power boosting or only 3 dB power boosting over data power per subcarrier for each antenna is applied to S-SCH (c.f., DL RS has 6 dB power boosting as shown in Table 1). (2) There is not much difference between the PVS using NS S-SCH and that using SS S-SCH. (3) The PVS using SS S-SCH has a SNR gain of more than 1.1 dB compared to the SFBC using SS S-SCH of FSTD even though the SFBC scheme has to assume that UE knows the information on antenna configuration by blindly detecting the number of transmit antennas or S-SCH’s containing the information of antenna configuration in order to use SS S-SCH as phase reference for P-BCH demodulation. (4) The FSTD using SS S-SCH (or DL RS) slightly outperforms the SFBC usiing SS S-SCH (or DL RS). The reason is that if we assume that we can achieve enough diversity gain from repetition factor of 3 as shown in Table 2, then the performance is dependent on sensitivities of channel estimation error and frequency selectivity. FSTD inherently is more robust to such sensitivities than SFBC. (5) In case of 3 Km/h, the PVSs using NS S-SCH and SS S-SCH outperforms the other schemes for both correlation cases in Fig. 5. the SNR gap between the PVS using SS S-SCH and the FSTD using RS is more than 1.3 dB at a BLER of 1%. It is noted that if we employ more performance-efficient channel estimation schemes such as MMSE-based interpolation, the SNR gap can be smaller. But we have a concern about whether the complexity of such channel estimation schemes is practically prohibitive or not. (6) In case of 120 Km/h and 350 Km/h, the SNR gap between the PVS using SS S-SCH and the FSTD using RS is more than 1.5 dB at a BLER of 1%.
For sector boundary in Figs. 8-10, It can be seen that (1) we can achieve huge inter-sector diversity gain as in case of the PVS using NS S-SCH, which is indicated that 1 or 3 bits additionally added in P-BCH information are not so many in the case when different sectors within the same NodeB have different antenna configuration as mentioned in Section. 2. (2) The SNR gap between the PVS using NS S-SCH and that using SS S-SCH is more than 6 dB at a BLER of 3%, which is indicated that the same inter-sector PVS diversity scheme for NS P-BCH and NS S-SCH is applied in terms of simple P-BCH demodulation and BLER performance due to soft-combining gain and improvement in the channel estimation of PVS.
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                (a) Low correlation case                            (b) High correlation case

Fig. 5 Link level performance with 3 Km/h in case of sector center.
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                (a) Low correlation case                           (b) High correlation case

Fig. 6 Link level performance with 120 Km/h in case of sector center.


[image: image45.wmf]LC case, Vel=350 Km/h, BCH TTI=10 ms, DFT-based Interpolation 

Channel Estimation, QPSK, Code rate=1/3 with repetition factor of 3

-10

-9

-8

-7

-6

-5

-4

-3

-2

-1

0

1

2

BLER

10

-3

10

-2

10

-1

10

0

PVS: NS-P-BCH using NS-S-SCH

PVS: SS-P-BCH using SS-S-SCH

FSTD: SS-P-BCH using SS-S-SCH

SFBC: SS-P-BCH using SS-S-SCH

FSTD: SS-P-BCH using SS-RS

SFBC: SS-P-BCH using SS-RS

SNR per Rx. antenna from home sector [dB]



 EMBED SigmaPlotGraphicObject.5  [image: image46.wmf]HC case, Vel=350 Km/h, BCH TTI=10 ms, DFT-based Interpolation 

Channel Estimation, QPSK, Code rate=1/3 with repetition factor of 3

-10

-9

-8

-7

-6

-5

-4

-3

-2

-1

0

1

2

BLER

10

-3

10

-2

10

-1

10

0

PVS: NS-P-BCH using NS-S-SCH

PVS: SS-P-BCH using SS-S-SCH

FSTD: SS-P-BCH using SS-S-SCH

SFBC: SS-P-BCH using SS-S-SCH

FSTD: SS-P-BCH using SS-RS

SFBC: SS-P-BCH using SS-RS

SNR per Rx. antenna from home sector [dB]


(a) Low correlation case                            (b) High correlation case

Fig. 7 Link level performance with 350 Km/h in case of sector center.
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Fig. 8 Link level performance with 3 Km/h in case of sector boundary.
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Fig. 9 Link level performance with 120 Km/h in case of sector boundary.
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Fig. 10 Link level performance with 350 Km/h in case of sector boundary.
5. Conclusion

From the link simulation results, the following conclusions can be drawn:

· S-SCH symbols should be used as phase reference for P-BCH demodulation to improve the reception quality through the performance enhancement of channel estimation.
· The same transmit diversity scheme should be employed for both S-SCH and P-BCH to further improve the reception quality and to reduce the UE complexity by avoiding the blind detection of the number of transmit antennas.
· If both S-SCH and P-BCH are Node B-specific, the P-BCH can utilize additional diversity from inter-sector soft-combining.
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