3GPP TSG RAN WG1 #62                                                                                           R1-104774
Madrid, Spain

23rd– 27th August, 2010

Agenda item: 6.4.4
Source: LG Electronics
Title: Transmit diversity for CA PUCCHs
Document for: Discussion and decision
1. Introduction

In RAN1 #61bis meeting, the following was agreed as A/N multiplexing schemes for FDD and TDD;

· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection
For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM 
Based on above agreements, this contribution discusses transmit diversity for channel selection and for DFT-S-OFDM format in carrier aggregation.

2. Transmit Diversity Schemes
2.1 TxD for channel selection
In RAN1 58 meeting, the following was agreed as a transmit diversity for PUCCH format 1/1a/1b;
· Multiple-resource PUCCH for 2Tx
· Rel-8 PUCCH format
· PUCCH format 1/1a/1b
· Spatial Orthogonal-Resource Transmit Diversity (SORTD) is applied
· The same modulated symbol d(0) is transmitted on different orthogonal resources for different antennas
· Resource allocation is FFS
· PUCCH format 2/2a/2b: FFS
· Multiple-resource PUCCH for 4Tx
· 2Tx TxD is applied
· 2Tx TxD transmission is UE implementation issue

Since the channel selection for carrier aggregation is based on Rel-8 PUCCH format 1a/1b, to apply SORTD as a TxD scheme in Rel-10 seems to be natural. 

Proposal 1: SORTD is applied as a transmit diversity scheme for channel selection in carrier aggregation A/N.
2.2 TxD for DFT-S-OFDM format
We discuss the following three candidates as TxD scheme for DFT-S-OFDM format;
· SORTD (Spatial Orthogonal Resource Transmit Diversity): Figure 1
· Same modulation symbol is transmitted on different orthogonal resources for different antennas.
· The number of encoded bits becomes 48.

· For RS symbols, orthogonal resource can be defined by (n_r)=(n_cs, n_PRB) since same RS structure as Rel-8/9 can be adopted.

· For data symbols, orthogonal resource can be defined by (n_r)=(n_OCC). 

· The multiplexing capacity is reduced by half (ie. 5->2.5 per PRB in normal CP case).

· SORM (Spatial Orthogonal Resource Multiplexing) [1]: Figure 2
· Different modulation symbols after joint coding on different resources are transmitted on different orthogonal resources for different antennas.
· The number of encoded bits becomes 96.

· For RS symbols, orthogonal resource can be defined by (n_r)=(n_cs, n_PRB) since same RS structure as Rel-8/9 can be adopted.

· For data symbols, orthogonal resource can be defined by (n_r)=(n_OCC).

· The multiplexing capacity is reduced by half (ie. 5->2.5 per PRB in normal CP case).
· SC-SFBC (Single Carrier SFBC) [2]: Figure 3
· Alamouti coding is applied to keep SC property in the second antenna. (reverse ( complex conjugate ( alternate +/- sign)
· The number of encoded bits becomes 48.

· For RS symbols, orthogonal resource can be defined by (n_r)=(n_cs, n_PRB) since same RS structure as Rel-8/9 can be adopted. Further, OCC can be applied to estimate the channels from two different antennas. Each OCC resource can be used to estimate each channel of antennas with the same cyclic shifts.
· For data symbols, orthogonal resource can be defined by (n_r)=(n_OCC).

· The multiplexing capacity is not reduced compared to single Tx transmission (ie. 5).
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(a) Antenna port 0                                                  (b) Antenna port 1
Figure 1 SORTD for DFT-S-OFDM format
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(a) Antenna port 0                                                 (b) Antenna port 1
Figure 2 SORM for DFT-S-OFDM format
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Figure 3 SC-SFBC on antenna port 1 for DFT-S-OFDM format (note that the structure for antenna port 0 is same as Figure 3 (a))
Figure 4 shows the A/N performances for the 1Tx transmission and above three TxD candidates; SORTD, SORM, SC-SFBC. The detailed simulation assumptions are listed in Annex A. From the simulation results, it is observed that;

· It is shown that both SORTD and SORM outperform SC-SFBC. 
· For SC-SFBC, the performance degradation to other schemes comes from less robustness of channel estimation error and non-contiguous subcarrier level Alamouti coding in frequency selective channel. 
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Figure 4 Required SNR for the requirement such that Pr(DTX->ACK)<=1%, Pr(ACK->NACK/DTX)<=1%, Pr(NACK->ACK)<=0.1%. ETU5Hz 5MHz BW, No AGI, 2Tx-2Rx, Normal detector
The comparisons of the above transmit diversity schemes are summarized in Table 1. In A/N performance point of view, it is clear that SORTD/SORM show the best performances in the cost of using double resources. On the other hands, SC-SFBC also shows a good A/N performance without loss of multiplexing capacity by introducing OCC on RS symbols in a slot. Considering the trade-off between A/N performances and multiplexing capacity, to adopt SC-SFBC seems to be reasonable.
Table 1 Comparison of transmit diversity schemes
	
	SORTD
	SORM
	SC-SFBC

	Cubic metric
	Same as 1Tx
	Same as 1Tx
	Same as 1Tx

	UE multiplexing capacity per PRB (normal CP case)
	2.5
	2.5
	5

	A/N performance over 1Tx
	Excellent
	Excellent
	Good

	Number of encoded bits
	48
	96
	48


Proposal 2: SC-SFBC is applied as a transmit diversity scheme for DFT-S-OFDM format in carrier aggregation A/N.
5. Conclusions
In this contribution, we discussed the candidates for transmit diversity schemes. In conclusion, we summarize our proposal as follows;
· Proposal 1: SORTD is applied as a transmit diversity scheme for channel selection in carrier aggregation A/N.
· Proposal 2: SC-SFBC is applied as a transmit diversity scheme for DFT-S-OFDM format in carrier aggregation A/N.
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Annex A. Simulation Assumptions
The basic simulation assumptions in [3] were adopted in this contribution. We applied the following definition for Rx false alarm detection threshold as;
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The remaining simulation assumptions are listed in Table 2. We defined two types of A/N detector;

· Joint ML detector

· A/N information is detected using both RS and data symbol jointly as explained in [4].

· Normal detector

· A/N information is detected after channel estimation from RS symbols.

Table 2 Link level simulation assumptions
	Parameters
	Value

	Carrier frequency
	2GHz

	System bandwidth
	5MHz

	Channel model
	ETU5Hz

	Frequency hopping
	At slot boundary

	Antenna set up
	1Tx-2Rx, 2Tx-2Rx

	Tx/Rx antenna correlation
	Uncorrelated

	AGI (Antenna Gain Imbalance)
	0dB

	Channel estimation
	Practical

	CP type
	Normal CP

	Signal bandwidth
	180kHz

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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	A/N bits
	5,6,7,8,9,10,12,14,16,18,20 bits

	A/N detector
	Normal detector for DFT-S-OFDM format

	Channel coding for DFT-S-OFDM format
	(32,O) PUSCH RM coding with circular buffer rate matching for <=11 A/N bits
Rel-8/9 TBCC with circular buffer rate matching for >11 A/N bits
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