
3GPP TSG RAN WG1 Meeting #66

R1-112105
Athens, Greece, 22nd – 26th August 2011

Source:
CATT
Title:
Transmit diversity for Format 3 and Format 1b with channel selection 
Agenda Item:
6.2.2.2
Document for:
Discussion and Decision
1 Introduction
In Rel-10 carrier aggregation, PUCCH transmit diversity is supported for PUCCH format 1/1a/1b, 2/2a/2b, and 3 with Spatial Orthogonal Resource Transmit Diversity (SORTD). While SORTD provides performance gains, it also requires twice the PUCCH resources compared to single antenna port PUCCH transmission. For this reason, PUCCH transmit diversity is not supported for PUCCH format 1b with channel selection in Rel-10. 

With the observation, it was agreed that additional PUCCH transmit diversity schemes shall be studied in Rel-11, for PUCCH format 3 and PUCCH format 1b with channel selection. In this contribution, we provide an overview of the PUCCH transmit diversity schemes studied in Rel-10 and then propose some design guidelines for Rel-11. We then propose that PUCCH antenna port selection is considered as the additional PUCCH transmit diversity scheme for PUCCH format 3 and PUCCH format 1b with channel selection in Rel-11.
2 PUCCH transmit diversity schemes in Rel-10
2.1 PUCCH format 3

In Rel-10, the following alternatives for transmit diversity were proposed for PUCCH format 3.

· Alamoutti coding before DFT [1]

· Modified SFBC [2]

· FSTD [3]

The first two schemes [1][2] are similar in the sense that Alamoutti coding is applied to achieve the spatial diversity gain. The difference is that Alamoutti coding is applied before DFT in time domain for the first scheme [1], while the second scheme applies Alamoutti coding after DFT in frequency domain [2].
The proposal in [3] uses different resource elements for each of the two PUCCH antenna ports. Each PUCCH antenna port has 6 REs for transmission of the same encoded bits, with coding rate reduced by half compared to single antenna port PUCCH transmission. 

The evaluation on the ACK/NAK detection performance of the above schemes reveals that SORTD outperforms the above schemes [4]. The main benefit of the above schemes is that it is possible to have the same multiplexing capacity as single antenna port PUCCH transmission. In order to obtain this benefit, at least the following aspects need to be addressed in support of the above schemes:
· Additional orthogonal reference signals

The multiplexing capacity is determined by the number of orthogonal covering code (OCC) for the data SC-FDMA symbols as well as the number of orthogonal reference signals (RS). For normal PUCCH format 3, a length-5 OCC is applied per slot on the data SC-FDMA symbols, providing multiplexing capacity of 5. Assuming each of the 5 UEs transmits on two PUCCH antenna ports, 10 orthogonal reference signals are needed. Cyclic shifts of the PUCCH base sequence provides at most 12 orthogonal reference signals. Considering the spillover between consecutive cyclic shifts due to channel dispersion in time domain, typically 6 of the 12 cyclic shifts can be used. Thus, additional orthogonal cover sequence shall be applied to the RS SC-FDMA symbols per slot. This is achievable for normal CP where two RS SC-FDMA symbols exist per slot for PUCCH format 3. On the other hand, orthogonal cover sequence for reference signal cannot be applied for extended CP since there is only one RS SC-FDMA symbol per slot.
· Change of PUCCH format 3 for extended CP
As discussed above, more orthogonal reference signals are needed in support of the schemes in [1][2][3]. This would require at least two SC-FDMA symbols per slot for reference signals. Hence, the structure of PUCCH format 3 for extended CP needs to be changed, e.g. by adding one more RS SC-FDMA symbol per slot. Consequently, this reduces the multiplexing capacity since only a length 4 OCC can be applied to the 4 data SC-FDMA symbols per slot.
· Antenna gain imbalance

Antenna gain imbalance was briefly looked into during the study of transmit diversity for PUCCH in Rel-10. In general, antenna gain imbalance reduces the gain of transmit diversity over single antenna port transmission. PUCCH transmit diversity schemes less sensitive to antenna gain imbalance shall be considered in Rel-11. 
2.2 PUCCH format 1b with channel selection

For PUCCH format 1b with channel selection, the following schemes were studied in Rel-10.
· SCBC [5]

· Modified SORTD [6]

· SORTD

The commonality between the scheme in [5] and [6] is that the number of required PUCCH format 1b resources is the same as single antenna port transmission for PUCCH format 1b with channel selection. Based on the information bits to be transmitted, one PUCCH format 1b resource is used for each PUCCH antenna port. The key difference between [5] and [6] lies in the detailed mapping to determine the selected PUCCH format 1b resource and the QPSK symbol to be transmitted on the selected PUCCH format 1b resource, for each PUCCH antenna port. 
Evaluations on the three transmit diversity alternatives for PUCCH format 1b with channel selection in Rel-10 reveals that only SORTD provides performance gain over single antenna port transmission [7]. However, SORTD was not agreed as the transmit diversity scheme for PUCCH format 1b with channel selection in Rel-10 mainly because it requires high PUCCH overhead.
3 PUCCH antenna port selection

Given the discussion and evaluations for PUCCH transmit diversity in Rel-10, we propose that the following design guidelines or targets shall be adopted in Rel-11.

· Guideline 1: Reduced PUCCH overhead compared to SORTD
· Guideline 2: Performance similar to SORTD, with antenna gain imbalance modeled

· Guideline 3: Minimal specification impact

· Guideline 4: Common design for PUCCH format 3 and PUCCH format 1b with channel selection
· Guideline 5: Optimize for large PUCCH payload
The above guidelines aim for an optimal PUCCH transmit diversity scheme in Rel-11 in terms of PUCCH overhead and detection performance, as well as specification impact. A common design for PUCCH format 3 and PUCCH format 1b with channel selection is desirable to reduce the design efforts. In addition, PUCCH transmit diversity schemes are particularly beneficial for transmission of large PUCCH payload, which requires high SNR.
In this section, we propose that PUCCH antenna port selection shall be considered as the transmit diversity scheme in Rel-11. PUCCH antenna port selection is a simple and effective scheme to achieve the spatial diversity, where the eNB indicate to the UE which PUCCH antenna port shall be used for transmission of ACK/NAK based on its estimates of the channel gains on different antenna ports. Table 1 illustrates the performance of PUCCH antenna selection with respect to SORTD, with simulation assumptions in the Appendix. A delay of 0ms or 10ms is included in the simulation, where the delay refers to the time difference between eNB selecting a PUCCH antenna port and UE transmitting ACK/NAK accordingly. It is observed that PUCCH antenna selection achieves similar or even better performance than SORTD. The underlying reason is that ACK/NAK detection is based on energy detection. Focusing all transmit power on the PUCCH antenna port with high channel gain provides the best performance.
PUCCH antenna port selection requires one PUCCH resource as single antenna port transmission, since at each time instance, the UE only transmits on one PUCCH antenna port. PUCCH antenna port selection is applicable for both PUCCH format 3 and PUCCH format 1b with channel selection, since it is irrelevant to the PUCCH format and hence does not require any change on the Rel-10 PUCCH formats. Antenna gain imbalance can be implicitly addressed by PUCCH antenna port selection, since the antenna gains can be absorbed into the effective channel gain. 
Table 1: performance of PUCCH antenna port selection

	Channel model
	Number of A/N bits
	Required SNR for A/N detection (dB)

	
	
	SORTD
	AS 0ms delay
	AS 10ms delay

	EPA 3km/h
	4
	-7.58
	-8.34
	-7.64

	
	10
	-5
	-4.96
	-4.63

	
	16
	-2.8
	-2.98
	-2.63

	ETU 3km/h
	4
	-8.96
	-9.64
	-9.56

	
	10
	-6.36
	-7.51
	-6.97

	
	16
	-4.14
	-5.36
	-4.79


PUCCH antenna port selection is largely a closed-loop scheme in which the eNB needs to determine which antenna port has higher channel gain and then indicate its choice to the UE. The eNB can rely on the UE uplink transmission on different antenna ports to determine the selected antenna port. One example among several other possibilities is that the eNB indicates the UE to transmit on antenna port 1 and 2 in two subframes respectively, and obtains the channel estimate on both antenna ports. Given the nature of a closed-loop scheme, PUCCH antenna port selection is not applicable for high mobility UEs. It is noted that open-loop PUCCH antenna selection is also possible where the UE estimates the channel on the multiple antenna ports based on the DL signals, which requires channel reciprocity. 
4 Conclusions
In this contribution, we discuss the PUCCH transmit diversity schemes for PUCCH format 3 and PUCCH format 1b with channel selection in Rel-11. Based on the discussions in Rel-10, we propose the following design guidelines for the corresponding design in Rel-11.
· Guideline 1: Reduced PUCCH overhead compared to SORTD
· Guideline 2: Performance similar to SORTD, with antenna gain imbalance modeled

· Guideline 3: Minimal specification impact

· Guideline 4: Common design for PUCCH format 3 and PUCCH format 1b with channel selection
· Guideline 5: Optimize for large PUCCH payload
In addition, we propose that PUCCH antenna port selection shall be considered as the PUCCH transmit diversity scheme in Rel-11. 
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6 Appendix: simulation assumptions

	Parameters
	Value

	carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz

	channel model
	ETU 3km/h, EPA 3km/h

	frequency hopping
	at slot boundary

	antenna setup
	2 Tx, 2 Rx

	RX antenna correlation
	uncorrelated

	channel estimation
	practical

	CP type
	normal CP

	signal bandwidth
	180 kHz

	RX false alarm detection threshold
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	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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