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1. Introduction
At the RAN 1 #46 meeting, there were many contributions comparing the performance of Downlink transmit diversity schemes for common control channels[1], [2] , [3]. 

While a scheme’s performance is an important criterion, it is also important to include the other important relevant factors into a comparison of the schemes, in order to select the best scheme overall. Previous contributions have looked at some of these other aspects [4], [5].

This paper presents our views on the aspects other than performance which affect the selection, e.g. UE complexity, overheads, the need to know the number of Tx antennas.
2. Comparison of DL TxD schemes for common control channel

We present our views on several aspects that are important when comparing the Downlink transmit diversity schemes.

UE complexity (SISO decoder)
In Rank 1 schemes, i.e. Cyclic Delay Diversity CDD and Frequency Switched Transmit Diversity FSTD, a SISO (Single In Single Out) decoder may be used for any number of transmit antennas. On the other hand, in Rank 2 schemes, i.e. SFBC (Space-Frequency Block Codes), SFBC+PSD, SFBC+FSTD, a SISO decoder cannot be used. So the UE complexity of decoding can be lower in Rank 1 schemes compared to Rank 2 schemes.
For example, the received signal of SFBC on subcarrier k and k+1, is denoted as:
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In this case, we need additional calculations in decoding process, compared with SISO decoder as follows.
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This process requires NI order of multiplies per symbol, where N is the number of subcarriers and I is the number of Rx antennas.

UE complexity(Channel Estimation)
For SFBC, Channel State Information CSI may be estimated using the same procedure as for MIMO, by using FDM Reference symbols.

Also in FSTD, CSI may be estimated through the same procedure in MIMO or SISO.

In CDD, we proposed that we can reduce the complexity of channel estimation process on the UE side by applying subcarrier grouping to CDD and thus maintain high correlation within the same subcarrier group [6].

Overhead
For SFBC, we need double the number of Reference Signals, than for SISO decoding, because of the use of FDM reference symbols.
That is, use of SISO decoding for CDD and FSTD allows estimation of CSI by the half the number of Reference Signals as for SFBC.

The additional overhead may result in a big impact on throughput when SFBC is used as transmit diversity scheme for L1/L2 control channel.

The Need to know  the number of Tx antennas

In SFBC, it is necessary to know the number of Tx antennas in order to decode the received signal, whereas, in CDD and FSTD, we can decode the received signal without a knowledge of the number of Tx antennas.

This may have a big impact on the Cell search procedure when SFBC is used as transmit diversity scheme for BCH.
Soft combining (Inter-cell/Inter-sector)
In CDD, we can get additional diversity gain by setting parameters independently in each cell without any inter/intra-Node-B coordination, e.g. calculating/setting delay values.

In FSTD, we have to consider the frequency allocation to each antenna, to get additional diversity gain.

In SFBC, it is difficult to get additional diversity gain because it uses different codes.

We consider we can apply inter-sector soft combining to P-BCH.
Scalability

CDD and FSTD are easily scalable to more than 2 Tx antennas. SFBC’s scalability is more difficult because different codes must be designed when number of transmit antennas is more than 2.
Moreover, unlike the STBC case, the same SISO decoder may be used for decoding CDD or FSTD transmissions with any number of transmit antennas as we mentioned above section, i.e. UE complexity(SISO decoder).
We summarize our views on Downlink transmit diversity schemes for common control channels in Table 1 and 2, as follows.

Table 1: Comparison of DL TxD schemes for common control channels (2 Tx antenna)
	
	Rank1
	Rank 2

	
	CDD
	FSTD
	SFBC

	UE complexity
	SISO decoder
	Can be used
	Can be used
	Can not be used

	
	Channel Estimation
	Not high (*1)
	Same as SISO

	Same as MIMO



	Overhead
	SISO
	SISO
	2 Times SISO

	Need to know number of Tx antennas
	Not necessary
	Not necessary
	Need to know

	Soft combining
	Easy
	Average
	Difficult

	Scalability to 
more than 2 Tx antennas
	Good
	Good
	Bad


Table 2: Comparison of DL TxD schemes for common control channels (4 Tx antenna)
	
	Rank1
	Rank 2

	
	CDD
	FSTD
	SFBC+PSD
	SFBC+FSTD

	UE
complexity
	SISO decoder
	Can be used
	Can be used
	Can not be used
	Can not be used

	
	Channel Estimation
	Not high (*1)
	Same as SISO


	Same as MIMO


	Same as MIMO



	Overhead
	SISO
	 SISO
	2 Times SISO
	2 Times SISO

	Need to know 
number of Tx antennas
	Not necessary
	Not necessary
	Need to know
	Need to know

	Soft combining
	Easy
	Average
	Difficult
	Difficult

	Scalability to 
more than 2 Tx antennas
	Good
	Good
	Bad
	Bad


(*1) Can be reduced using [6]
3. Conclusion
In this paper, we compared downlink transmit diversity schemes for common control channel considering other aspects, e.g. UE complexity, overhead, the need to know the number of Tx antennas, because they are important for LTE design in addition to performance. 

A Rank 1 scheme, i.e. CDD or FSTD, is preferred rather than a Rank 2 scheme, i.e. SFBC, .

4. Reference

[1] R1-062356, Nokia, “On 2 Antenna Open Loop DL Transmit Diversity”, Tallinn, Estonia, 28 Aug.-1 Sept., 2006
[2] R1-061962, Intel, “Link layer evaluation of downlink open loop transmit diversity schemes in the presence of co-channel interference”, Tallinn, Estonia, 28 Aug.-1 Sept., 2006
[3] R1-062190, Motorola, “Interference and Open Loop Transmit Diversity Reception”, Tallinn, Estonia, 28 Aug.-1 Sept., 2006
[4] R1-061964, Intel, “Comparing downlink transmit diversity schemes for EUTRA”, Tallinn, Estonia, 28 Aug.-1 Sept., 2006
[5] R1-062105, NTT DoCoMo, Fujitsu, Institute for Infocomm Research, Mitsubishi Electric, NEC, Sharp, “Downlink MIMO scheme in E-UTRA”, Tallinn, Estonia, 28 Aug.-1 Sept., 2006
[6] R1-062255, Sharp, “Improved Performance of the Cyclic Shift Diversity Scheme in the E-UTRA Downlink”, Tallinn, Estonia, 28 Aug.-1 Sept., 2006






























































































































































































































- 3/3 -

_1220722218.unknown

_1220722448.unknown

_1220722506.unknown

_1220722143.unknown

