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1 Introduction

Block-STTD has been adopted as a standardised TxDiversity method for the P-CCPCH in TDD mode for both chip rate options. Block STTD is optional for the UTRAN, however, its support is mandatory for the UE. While during the standardisation phase, Block STTD has been evaluated for its computational complexity, less emphasis has been put on HW implementation and practical design aspects of the method. This paper discusses this issue and concludes that Block STTD is not an appropriate choice for the P-CCPCH TxDiversity in TDD due to the mentioned UE receiver considerations. It will lead to major HW and design restrictions that will burden TDD UE manufacturers and that will lead to unacceptable increase in complexity and costs.

Moreover, an alternative to the standardised method Space Code Transmit Diversity (SCTD) is suggested. It shows similar and even better performance in the scenarios of interest and avoids the above mentioned shortcomings of Block STTD. With respect to receiver complexity, the incremental increase in complexity over that of a receiver that does not support TxDiversity is similar to that of FDD, i.e. the same receiver can be used plus an additional combining stage. In that sense, the proposal can be seen as an alignment with the FDD mode.

Also, for other common control channels (PICH and S-CCPCH), no explicit TxDiversity solution is included in the specifications. From the system point of view, in order to operate over an entire cell, a UE must be capable of operating under conditions where Ioc and Ior are approximately at the same level for common channels. This fact demands that all common channels can benefit from TxDiversity. While for the S-CCPCH a TxDiversity method similar to SCTD is already implicitly included, the PICH needs some minor modification in 1.28 Mcps TDD and definition of SCTD applicability in 3.84 Mcps TDD.  

2 Discussion

2.1 Standardised Method, Block STTD

The TxDiversity method for TDD is described in reference [1]. For convenience, the figures are included here as well.
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Figure 1: Block Diagram of the transmitter (STTD)
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Figure 2: Block Diagram of Block STTD encoder

Block STTD encoding is performed on the data of the P-CCPCH (3.84 Mcps TDD) and P-CCPCH1/2 (1.28 Mcps TDD) before spreading and scrambling is done with the same spreading and scrambling codes as for the No-Diversity case. Block STTD encoding partitions each of the data fields into two parts which allows the construction of smaller matrices in a UE receiver employing joint detection, see [2] and [3] for further details. Due to this size reduction, the computational complexity can be kept below a tolerable degree. However, the construction of these new matrices and its processing in the further joint detection process for the BCH time slot is different from that of the processing of the other time slots. Thus, a considerable amount of extra HW has to be included only for the purpose of BCH demodulation. Please note that this is not the case in FDD, where the same receiver architecture can be reused plus some additional combining processing.

Furthermore, the considerations in [3] are all based on one specific algorithm for JD, namely the  Cholesky decomposition. Recognising the fact that the complexity of the UE receiver becomes prohibitive when block STTD is applied to more than one code per time slot, reference [3] proposed a first order approximation to the Cholesky based joint detection algorithm that is tailored to the single code case. This approximation is only applicable to joint detection algorithms that are based on the approximate Cholesky decomposition. Other JD algorithms that have been studied in recent publications, have not been considered [4] [5]. Thus, the decision to adopt STTD for TDD was based on a very specific receiver algorithm, namely the approximate Cholesky joint detection. The first order approximation of [3] cannot be extended in a straight-forward manner to the FFT based joint detection or the Schur based joint detection. Thus, applying Block STTD to BCH, will introduce undesirable constraints on receiver algorithms, precluding future receiver enhancements.

2.2 Alternative Method, SCTD

The above mentioned drawbacks can be eliminated, when the data signals on the first and the second antenna are not spread with the same but with two separate orthogonal channelisation codes. Please note that due to the reservation of the midambles m(1) and m(2) for the first and second antenna and due to the usage of the default midamble scheme, the channelisation codes c(1) to c(4) are anyway implicitly reserved for the P-CCPCH. Thus, the usage of those codes will not waste any DL capacity in this TS. Furthermore, as STTD just aims to provide some kind of orthogonality with one code, STTD encoding can also be eliminated to reduce the UE receiver complexity furthermore. The transmitter structure of this proposed TxDiversity method (Space Code Transmit Diversity, SCTD) is shown in figure 3 for the 1.28 Mcps option and in figure 4 for the 3.84 Mcps option.
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Figure 3: Block Diagram of the transmitter (SCTD) in 1,28 Mcps TDD
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Figure 4: Block Diagram of the transmitter (SCTD) in 3.84 Mcps TDD
The simplification for the UE's receiver results from the fact that the individual data streams are transmitted on individual codes, thus, the receiver can simply demodulate the data as for the other time slots and combine the normal data stream(s) with the diversity stream(s). From implementation point of view this adds the same amount of additional capability to the UE as for FDD.

It has to be noted, though, that the UE needs to process twice the number of codes for the demodulation of the P-CCPCH with TxDiversity compared to the case of no diversity. Specifically, for the 3.84 Mcps option, the UE needs to process two codes instead of demodulating only one. Similarly, for the 1.28 Mcps option, the UE needs to process four codes instead of demodulating only two for the case of no diversity. This will lead to higher computational complexity for this simple solution, however, it allows to use the same receiver structure for all slots. From UE capability point of view, the resources to demodulate two or four codes in one time slot are well below the minimum requirement.

In an alternative solution, the UE manufacturer may decide to implement some additional processing and consider the diversity channel in the demodulator already. This can happen in a straightforward manner, as identical data sequences are transmitted on two codes (c(i) and c(i+1) for 3.84 Mcps; c(i) and c(i+2) for 1.28 Mcps), each of them passing an individual channel h(k), k=1,2. Exploiting the linearity of the demodulator, one can easily incorporate this in the JD demodulator matrices. Thus, the proposed TxDiversity method also offers a computationally efficient receiver on the cost of some additional processing.

3 TxDiversity for FACH/PCH and PICH

3.1 FACH/PCH

For the FACH/PCH, while not explicitly mentioned, a similar TxDiversity method as SCTD is already supported in the specifications. By using the default midamble allocation for the S-CCPCH, different codes will use different midambles anyway. Furthermore, according to TS25.221, section 5.6.1.2.1, the UE shall assume different channel estimates for each of the individual midambles. Thus, by transmitting different codes on different antennas, diversity is provided. While the soft combining for the P-CCPCH is explicitly done after the detection process, soft-combining is done in the channel decoding stage implicitly for the S-CCPCHs. Note, that according to the rate requirements on the FACH/PCH, these transport channels will be mapped on multiple codes anyway, hence, a similar TxDiversity method as SCTD for the FACH/PCH is implicitly allowed by the standard already today.

3.2 PICH

In 1.28 Mcps TDD, the PICH is mapped to two codes. While this in principle allows for the same space-code diversity as for the FACH/PCH, the paging indicators (PI) themselves do not benefit from this diversity, as one PI is always mapped to PICH bits on one code only. By simple re-ordering of the PICH bits, SCTD would implicitly be applicable to the PICH and the PIs as well, see figures 5 and 6. 
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Figure 5: Transmission and numbering of paging indicator 
carrying bits in the PICH bursts - current order
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Figure 6: Transmission and numbering of paging indicator 
carrying bits in the PICH bursts - new order
In the current specifications for 3.84 Mcps TDD, the PICH is mapped to one code. Since two codes are required to allow low complexity diversity for the PICH, the simplest approach for  3.84 Mcps is to apply SCTD also to the PICH. Thus for 3.84 Mcps TDD, SCTD will be applied to both the P-CCPCH and the PICH. The use of  SCTD for the P-CCPCH will be indicated by higher layers.  If SCTD is applied to P-CCPCH then it is also applied to the PICH. Otherwise it is not applied to either.   

4 Performance

4.1 1.28 Mcps Option

4.1.1 Simulation assumptions

· Downlink simulation of BCH mapped on two P-CCPCHs with two additional interfering DCHs.

· Channel models Pedestrian A and Indoor A

· Encoding: Convolutional with rate 1/3

· TTI 20ms

· Other parameters according to 3GPP

4.1.2 Simulation results 

The diagrams show the user BER as a function of 
[image: image7.wmf]oc

or

I

I

ˆ

, which is the total received power of the P-CCPCHs and the DCHs divided by the amplitude of the noise.

Figures 7 and 8 show the comparison of the STTD from the standard with the SCTD scheme for the normal or optimised case. 'Normal' refers to the case, where the same JD is used for all time slots and 'optimised' refers to the case, where an optimised JD algorithm is employed, that takes into the identical data sequences in the detector already. SCTD is comparable to STTD, sometimes even better. The optimised JD increases the performance and reduces the complexity at the same time.

	 Method
	JD
	Ped A
	
	Ind A
	

	
	
	Ior/Ioc
	Gain
	Ior/Ioc
	Gain

	No TxD
	
	12.7
	0.0
	13.2
	0.0

	STTD
	
	8.7
	4.0
	9.4
	3.8

	SCTD
	Normal
	8.6
	4.1
	8.7
	4.5

	SCTD
	Optimised
	8.4
	4.3
	8.4
	4.8


Table 1: Performance of the different TxDiversity methods: Ior/Ioc in dB at a user BER of 10-3
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Figure 7: Comparison of STTD and SCTD (1.28 Mcps. Pedestrian  A)
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Figure 8: Comparison of STTD and SCTD (1.28 Mcps, Indoor A)

4.2 3.84 Mcps Option

4.2.1 Simulation assumptions

· P-CCPCH with one interfering DCH.

· Channel model: ITU Indoor A

· No channel coding is applied.

4.2.2 Simulation Results

Figure 9 compares the performance of STTD and SCTD in terms of raw BER as a function of Eb/No. SCTD 1 corresponds to the  optimised JD described above, while SCTD 2 corresponds to the normal SCTD receiver.  As in the case of 1.28 Mcps, SCTD outperforms STTD. The optimised JD increases the performance and reduces the complexity at the same time.
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Figure 9: Comparison of  SCTD and  STTD (3.84 Mcps, Indoor A)

5 Required Changes in the Specifications

5.1 1.28 Mcps Option

RAN1:

· TS25.221: 'Block STTD' needs to be replaced by 'SCTD'

· Mapping of PICH bits to Paging Indicators need to be changed

· TS25.224: 'Block STTD' needs to be replaced by 'SCTD'

· TS25.224: Description of Block STTD needs to be replaced by SCTD

RAN2:

· TS25.331: 'Block STTD' needs to be replaced by 'SCTD'

RAN3:

· TS25.423: 'Block STTD' needs to be replaced by 'SCTD'

· TS25.433: 'Block STTD' needs to be replaced by 'SCTD'

RAN4:

· No change for 1.28 Mcps TDD, as demodulation performance is not (yet) included in RAN4 specification

5.2 3.84 Mcps Option

RAN1:

25.221 

· Paragraph 5.3.1.3 - Replaces reference to Block STTD by SCTD

· Paragraph 5.3.7.3 – A new paragraph defining PICH training sequences 

· Paragraph 5.4 - The table of Tx diversity schemes is updated

· Paragraph 5.5.2- The physical characteristics of beacon channels are updated to include SCTD

· Paragraph 5.7 - Revised to include SCTD encoding of PICH. 

25.224 

· Paragraph 4.6.3 - Block STTD is replaced by SCTD for P-CCPCH and added for PICH  

· Paragraph 4.6.3.1 - The SCTD scheme is described

· Paragraph 4.6.3.2 - Transmission scheme for PICH is defined

· Annex C – Block STTD is replaced by SCTD 

25.225 

· Paragraph 5.1- Change reference in note from Block STTD to SCTD 

RAN2:

· 25.331 RRC

RAN3:

· 25.423 RNSAP

· 25.433 MBAP

RAN4:

25.102

· 8.4.1 SCTD replaces Block STTD in demodulation of BCH 
6 Conclusion

This contribution has demonstrated that Block STTD is an unacceptable choice for the TxDiversity on P-CCPCH in TDD, with respect to UE implementation aspects. An alternative (Space Code Transmit Diversity, SCTD) has been proposed that would ease the demands on the UE. It is proposed to adopt this modification in order to allow implementing TDD terminals without too many restrictions on the HW design. Also, this solution enables the usage of the same TxDiversity principle on all common control channels, which is critical from system point of view.

The impact on the RAN specifications due to this change is rather low. Besides changing the description of the method in TS25.224 itself and the modified mapping of the PICH bits to the Paging Indicators for 1.28 Mcps, there is no impact on other features. Thus, the proposed correction has an isolated impact. In addition to the essential change, only the references throughout the complete RAN specification suite need to be modified. It is therefore proposed to liaise with RAN2-4, to inform them about this change as soon as it is approved in RAN1 and take the necessary actions.

Corresponding CRs for the 1.28 Mcps and 3.84 Mcps TDD RAN1 specifications are attached to this document. 
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Simnos

		Method		JD		Ped A		IndA

						Simno		Simno

		No TxD		Normal		1528		1529

		STTD-1		Simplified		1909		2008

		STTD-2		Normal		1566		2066

		STTD-2		Simplified		1910		2009,  2041

		STI		Normal		1570		1571

		STRI		Normal		1574		2063,2119

		STRI		Optimum		2118		2059,2129





Summary

		Method		JD		Ped A				Ind A

						Ior/Ioc		Gain		Ior/Ioc		Gain

		No TxD		Normal		12.7		0.0		13.2		0.0

		STTD-1		Simplified		8.7		4.0		9.8		3.4

		STTD-2		Normal		8.3		4.4		8.8		4.4

		STTD-2		Simplified		8.2		4.5		9.2		4.0

		STI		Normal		9.7		3.0		9.7		3.5

		STRI		Normal		8.6		4.1		8.7		4.5

		STRI		Optimum		8.4		4.3		8.4		4.8





Pedestrian A 

		NoTxD,				Normal JD				STTD,				Simplified JD				STTD-2,				Normal JD				STTD-2,				Simplified JD				STI				Normal JD				STRI,				Normal JD				STRI,				Optimum JD

		Sim		It		Ior/Ioc		usrBER		Sim		It		Ior/Ioc		usrBER		Sim		It		Ior/Ioc		usrBER		Sim		It		Ior/Ioc		usrBER		Sim		It		Ior/Ioc		usrBER		Sim		It		Ior/Ioc		usrBER		Sim		It		Ior/Ioc		usrBER

		1528		1		-1.02		9.41E-02		1909		1		2.50		2.16E-02		1566		1		-1.23		8.72E-02		1910		1		2.50		1.60E-02		1570		1		-1.24		1.32E-01		1574		1		-1.23		8.76E-02		2118		1		2.50		1.69E-02

		1528		2		2.64		3.94E-02		1909		2		5.66		6.10E-03		1566		2		2.50		1.60E-02		1910		2		5.66		4.40E-03		1570		2		2.49		3.22E-02		1574		2		2.50		1.62E-02		2118		2		5.66		4.88E-03

		1528		3		5.74		1.95E-02		1909		3		9.04		7.57E-04		1566		3		5.66		4.18E-03		1910		3		9.04		5.77E-04		1570		3		5.64		6.52E-03		1574		3		5.66		4.67E-03		2118		4		7.85		1.65E-03

		1528		4		9.21		4.13E-03		1909		4		12.69		1.22E-05		1566		4		9.04		5.13E-04		1910		4		12.69		1.97E-05		1570		4		9.02		1.30E-03		1574		4		9.04		7.05E-04		2118		5		9.04		7.01E-04

		1528		5		12.73		1.08E-03		1909		5		15.85		0.00E+00		1566		5		12.69		0.00E+00		1910		5		15.85		0.00E+00		1570		5		12.68		0.00E+00		1574		5		12.69		0.00E+00		2118		6		12.69		0.00E+00

		1528		6		15.89		2.60E-05										1566		6		15.85		0.00E+00										1570		6		15.83		0.00E+00		1574		6		15.85		0.00E+00

																		1566		7		18.83		0.00E+00																		1574		7		18.83		0.00E+00





Pedestrian A 

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0

		0



No TxD

STTD-1, Simplified JD

STRI, Normal JD

STRI, Optimum JD

Ior/Ioc [dB]

usrBER

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Indoor A

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0

		0



No TxD

STTD-1, Simplified JD

STTD-2, Normal JD

STTD-2, Simplified JD

Ior/Ioc [dB]

usrBER

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		-1.02		-1.24		-1.23		2.5

		2.64		2.49		2.5		5.66

		5.74		5.64		5.66		7.85

		9.21		9.02		9.04		9.04

		12.73

		15.89



No TxD

STI

STRI, Normal JD

STRI, Optimum JD

0.0941

0.132

0.0876

0.0169

0.0394

0.0322

0.0162

0.00488

0.0195

0.00652

0.00467

0.00165

0.00413

0.0013

0.000705

0.000701

0.00108

0.000026



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0

		0



No TxD

STTD-1, Simplified JD

STRI, Normal JD

STRI, Optimum JD

Ior/Ioc [dB]

usrBER

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0

		0



No TxD

STTD-1, Simplified JD

STTD-2, Normal JD

STTD-2, Simplified JD

Ior/Ioc [dB]

usrBER

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0

		0



No TxD

STI

STRI, Normal JD

STRI, Optimum JD

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		NoTxD,				Normal JD				STTD,				Simplified JD				STTD-2,				Normal JD				STTD-2,				Simplified JD				STI				Normal JD				STRI,				Normal JD				STRI,				Optimum JD

		Sim		It		Ior/Ioc		usrBER		Sim		It		Ior/Ioc		usrBER		Sim		It		Ior/Ioc		usrBER		Sim		It		Ior/Ioc		usrBER		Sim		It		Ior/Ioc		usrBER		Sim		It		Ior/Ioc		usrBER		Sim		It		Ior/Ioc		usrBER
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