3GPP TSG RAN WG1 #66                                                                                            R1-112472
Athens, Greece
22 – 26, August, 2011
Agenda item: 6.2.2.2
Source: LG Electronics
Title: Transmit Diversity for PUCCH format 1b with Channel Selection
Document for: Discussion and decision
1. Introduction

There were the comprehensive discussions on the transmit diversity schemes for PUCCH format 1b with channel selection but there was no agreement to introduce transmit diversity scheme for channel selection in Rel-10 [1]-[7].
This contribution discusses the several transmit diversity schemes for Rel-11 and their resource allocation strategies. The simulation results for ACK/NACK performances to compare the TxD schemes are also provided.
2. Transmit Diversity Schemes for Channel Selection
SORTD (Spatial Orthogonal Resource Transmit Diversity)
Figure 1 shows the concept on transmitter for SORTD in 4 A/N bits using 8 orthogonal resources. The modulation symbol d(0) is transmitted on the selected orthogonal resource (channel) ChA for antenna port 0 and the same modulation symbol d(0) is transmitted on another paired orthogonal resource ChB for antenna port 1. The double amount of resources needs to be reserved to facilitate SORTD compared to single antenna transmission. 
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Figure 1 Concept on transmitter for SORTD
The FDD mapping table for SORTD is shown in Table 5 to Table 7 of Annex A. The numbers of used orthogonal resources for TxD are 4/6/8 for 2/3/4 A/N bits, respectively.
SCBC (Space-Code Block Coding) [4][7]
Figure 2 shows the concept on transmitter for SCBC in 4 A/N bits using 4 orthogonal resources. The modulation symbol d(0) is transmitted on the selected orthogonal resource ChA for antenna port 0 and Alamouti-coded symbol d(0)* or –d(0)* is transmitted on Ch(A+1) or Ch(A-1), respectively. Two orthogonal resources should be paired to facilitate SCBC. Therefore, two pairs exist in 4 A/N bit channel selection and each pair is applied by Alamouti-coding. The same PRB location for paired resources is desirable in ACK/NACK performance point of view. The RS channels for each paired channel need to be fixed to estimate the channel from each antenna port. For 3 A/N bits, one additional orthogonal resource is necessary and SORTD can be applied for an orphan resource.
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Figure 2 Concept on transmitter for SCBC
The received signal per Rx antenna for SCBC can be represented as following equation (1);
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where 

· 
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 are received signals on orthogonal resource 0 and 1, respectively.

· 
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 are fading channels from Tx antenna port 0 and 1, respectively.
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 when the selected channel for antenna port 0 is even number. Otherwise, 
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The FDD mapping table for SCBC is shown in Table 8 to Table 10 of Annex A. The numbers of used orthogonal resources for TxD are 2/4/4 for 2/3/4 A/N bits, respectively. For 3 A/N bits, SORTD is applied for Ch2 and Ch3 with an additional orthogonal resource.
E-SORTD (Enhanced SORTD) [3]
Figure 3 shows the concept of transmitter for E-SORTD in 4 A/N bits using 4 orthogonal resources. By dividing orthogonal resource into two parts of RS and DATA, the number of total codewords can be effectively increased. The increased codewords are remapped for the second antenna port to exploit transmit diversity gain. The same PRB location for paired resources (Ch1-Ch2 and Ch3-Ch4) is desirable in ACK/NACK performance point of view. For 3 A/N bits, one additional orthogonal resource may be necessary.
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Figure 3 Concept on transmitter for E-SORTD
The FDD mapping table of 3 and 4 A/N bits for E-SORTD is, respectively, shown in Table 11 and Table 12 of Annex A. The numbers of used orthogonal resources for TxD are 4/4 for 3/4 A/N bits, respectively. It is noted that E-SORTD is not considered for 2 A/N bits in this contribution.
The encoding for E-SORTD is shown below;
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3. Simulations
The link level simulation results for each TxD scheme are provided in this chapter. FDD mapping table is used for evaluations. The following two definitions for DTX to ACK error are used in the simulations;
· DTX->ACK DEF 1: 
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· DTX->ACK DEF 2: 
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 The following two detector types were simulated;
· Detector type A (also referred as joint ML detector using RS and data so far)

· For each codeword of data symbol, the signals from RS and data are coherently accumulated. The signals for each slot and Tx/Rx antenna are non-coherently accumulated.
· For two TxD schemes, the ML detection is performed by
· 
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where 
· 
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 are the number of received antennas, slots in a subframe, and transmit antennas, respectively.
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· The term of 
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 represents the estimated channel for antenna port n_tx on RS symbol.

· The term of  
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 represents the estimated channel for antenna port n_tx by codeword c on data symbol.

· Particularly for SCBC from equation (1), 
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 are determined according to the mapping table
· Detector type B

· Normal ML detection in data symbols after channel estimation in RS symbols is applied. The detector for each slot and Tx/Rx antenna coherently accumulates each codeword output.
The remaining parameters are shown in Table 1 and the link level simulation results are shown in Annex B.
Table 1 Link level simulation parameters
	Parameters
	Value

	Carrier frequency
	2GHz

	System bandwidth
	5MHz

	Channel model
	ETU

	Velocity
	3km/h

	Frequency hopping
	At slot boundary

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

	Tx/Rx antenna correlation
	Uncorrelated

	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
	2,3,4 bits

	Mapping table
	FDD mapping table in TS36.213 for 1Tx. For TxD schemes, the mapping tables in Annex A are applied.


Figure 4 and Figure 5 depict the required SNR for each TxD scheme depending on the detector type and the definition of DTX->ACK. The required SNR and TxD gain are also tabulated in Table 2. From the simulation results, we observe that
· SORTD outperforms SCBC and E-SORTD in ACK/NACK performance perspective with various detector types and different DTX->ACK definitions. (0.91 ~ 1.39dB SNR gain over 1Tx)
· E-SORTD also shows good ACK/NACK performances with various detector types and different DTX->ACK definitions. (0.4~1.26dB SNR gain over 1Tx)
· SCBC shows better ACK/NACK performances than 1Tx with DTX->ACK definition 1 and with detector type B for 3 and 4 A/N bits. For other cases, the ACK/NACK performance of SCBC is even worse than that of 1Tx transmission.
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(a) Detector type A                                                                 (b) Detector type B
Figure 4 DTX->ACK DEF 1
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(a) Detector type A                                                                 (b) Detector type B
Figure 5 DTX->ACK DEF 2
Table 2 Required SNR [dB] and SNR gain over 1Tx for Pr(DTX->ACK)<1%, Pr(ACK->NACK/DTX)<1%, and Pr(NACK->ACK)<0.1% - ETU 3km/h
	DTX->ACK Definition
	Detector Type
	Number of A/N bits
	1Tx
	SORTD
	SCBC
	E-SORTD

	
	
	
	Req. SNR[dB]
	SNR gain over 1Tx [dB]
	Req. SNR[dB]
	SNR gain over 1Tx [dB]
	Req. SNR[dB]
	SNR gain over 1Tx [dB]
	Req. SNR[dB]
	SNR gain over 1Tx [dB]

	DTX->ACK DEF 1
	Type A
	2
	-7.03 
	0.00
	-8.17 
	1.14
	-6.18 
	-0.85
	N/A 
	N/A 

	
	
	3
	-6.49 
	0.00
	-7.80 
	1.31
	-6.27 
	-0.22
	-7.56 
	1.07

	
	
	4
	-6.13 
	0.00
	-7.52 
	1.39
	-5.89 
	-0.24
	-6.78 
	0.65

	
	Type B
	2
	-6.70 
	0.00
	-7.61 
	0.91
	-6.25 
	-0.45
	N/A
	N/A 

	
	
	3
	-6.28 
	0.00
	-7.25 
	0.97
	-6.47 
	0.19
	-7.19 
	0.91

	
	
	4
	-5.85 
	0.00
	-7.10 
	1.25
	-6.21 
	0.36
	-7.11 
	1.26

	DTX->ACK DEF 2
	Type A
	2
	-7.42 
	0.00
	-8.50 
	1.08
	-6.15 
	-1.27
	N/A
	N/A 

	
	
	3
	-7.04 
	0.00
	-7.95 
	0.91
	-6.24 
	-0.8
	-7.48 
	0.44

	
	
	4
	-6.23 
	0.00
	-7.35 
	1.12
	-5.78 
	-0.45
	-6.63 
	0.4

	
	Type B
	2
	-7.08 
	0.00
	-8.02 
	0.94
	-6.19 
	-0.89
	N/A
	N/A 

	
	
	3
	-6.73 
	0.00
	-7.69 
	0.96
	-6.35 
	-0.38
	-7.56 
	0.83

	
	
	4
	-6.31 
	0.00
	-7.47 
	1.16
	-5.99 
	-0.32
	-6.88 
	0.57


Finally, the number of used PUCCH resources is listed in Table 3. SCBC and E-SORTD seems to be favorable in resource consumption perspective.
Table 3 Number of used PUCCH resources for TxD schemes
	
	1Tx
	SORTD
	SCBC
	E-SORTD

	2 A/N bits
	2
	4
	2
	N/A

	3 A/N bits
	3
	6
	4
	4

	4 A/N bits
	4
	8
	4
	4


4. Resource Allocation Aspects for Transmit Diversity
SORTD

It was shown that SORTD outperforms all the other TxD schemes (see eg. Chapter 3). Therefore, to apply SORTD will be desirable if there is little issue on additional resource overhead. 

If the next adjacent PUCCH resource to 
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 can be complimentarily obtained assuming more than one CCE aggregation level. It is noted that this principle has been already adopted for PUCCH format 1a/1b with SORTD. 

The resource allocation methods for channel selection with SORTD are categorized whether the next adjacent PUCCH resource (ie. 
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 is available or not considering both cross and non-cross carrier scheduling as follows;

· Case A - The cases that the next adjacent PUCCH resource is available:

· Case A-1) FDD channel selection for 2 A/N bits and TDD channel selection for 2 A/N bits with M=1 in two configured cells 

· Case A-2) TDD channel selection for 4 A/N bits with M=2, 3, 4 in two configured cells (TDD mode b)

· Case A-3) TDD channel selection for all A/N bits in single configured cell
· Case B - The cases that the next adjacent PUCCH resource is not available:

· Case B-1) FDD channel selection for 3 A/N bits and TDD channel selection for 3 A/N bits with M=1 in two configured cells

· Case B-2) FDD channel selection for 4 A/N bits and TDD channel selection for 4 A/N bits with M=1 in two configured cells
When we apply SORTD for channel selection on Case A, the resource overhead can be reduced by inducing the complementary PUCCH resource. For example on Case A,

· Additional PUCCH resources for PCell can be complementarily obtained by means of 
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 all the time.

· With cross-carrier scheduling, additional PUCCH resources for SCell can be complementarily obtained by means of 
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 On the other hands, for Case B, there is no way to acquire a complementary PUCCH resource even for PCell.

 Table 4 shows the required additional explicit PUCCH resource overhead with SORTD over 1Tx transmission for above cases. We did not consider additional implicit resource allocation (ie. nCCE+1) as overhead. The usage of the next adjacent PUCCH resource related to 
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 can effectively reduce the resource overhead with SORTD. As seen in the comparisons, it seems that SORTD can be applied for the Case A-1, Case A-2, and Case A-3.
Table 4 Required additional explicit PUCCH resource overhead with SORTD over 1Tx transmission (additional implicit resources are not counted)
	
	Case A-1
	Case A-2
	Case A-3
	Case B-1
	Case B-2

	Cross carrier scheduling
	0%
	0%
	N/A
	66%
	100%

	Non cross carrier scheduling
	50%
	50%
	N/A
	66% – when PCell is SIMO cell

100% – when PCell is MIMO cell
	100%

	Single cell configured
	N/A
	N/A
	0%
	N/A
	N/A


SCBC
In terms of resource allocation scheme, no issue may be foreseen for Case B except for 2 A/N bits where the same resource allocation can be kept without any issue. One additional explicit resource is needed for 3 A/N bits in non-cross carrier scheduling. 
E-SORTD

 Although E-SORTD shows great ACK/NACK performances under various scenarios, there is an issue with E-SORTD if it is applied for Case B. A UE may not know the used PUCCH resources for the second antenna port if the UE missed at least one PDCCH from each serving cell. For example, assuming 4 A/N bits with FDD mapping table, when the Ch1 and Ch2 (eg. From PCell) are used for antenna port 0, then Ch3 and Ch4 (eg. From SCell) are used for antenna port 1. If a UE missed SCell, the UE does not know the used PUCCH resources for antenna port 1 since the ARI from SCell in case of non-cross carrier scheduling or the lowest CCE index for SCell in case of cross-carrier scheduling cannot be identified. One possible solution in E-SORTD would be that the UE applies E-SORTD when the PUCCH resources for antenna port 1 are available, but SAP (Single Antenna Port) scheme when they are not available.
 Based on the discussions on ACK/NACK performances and resource allocation aspects, we propose that;
Proposal 1: SORTD is applied for the following cases;

· Case A-1) FDD channel selection for 2 A/N bits and TDD channel selection for 2 A/N bits with M=1 in two configured cells 

· Case A-2) TDD channel selection for 4 A/N bits with M=2, 3, 4 in two configured cells (TDD mode b)

· Case A-3) TDD channel selection in single configured cell

Proposal 2: TxD scheme using up to 4 orthogonal resources (eg. E-SORTD) is applied for the following cases;

· Case B-1) FDD channel selection for 3 A/N bits and TDD channel selection for 3 A/N bits with M=1 in two configured cells

· Case B-2) FDD channel selection for 4 A/N bits and TDD channel selection for 4 A/N bits with M=1 in two configured cells
5. Conclusion
This contribution discussed several TxD schemes for channel selection in terms of ACK/NACK performances and resource allocation aspects. In case that the complementary PUCCH resources (eg. by n_CCE+1) can be immediately obtained, SORTD can be used with relaxing the concern on resource overhead. On the other hands, in case that the PUCCH resources related to nCCE+1 is not available for TxD, E-SORTD seems to be viable as a TxD scheme. Based on the simulation results and discussions we propose the followings;
Proposal 1: SORTD is applied for the following cases;
· Case A-1) FDD channel selection for 2 A/N bits and TDD channel selection for 2 A/N bits with M=1 in two configured cells 

· Case A-2) TDD channel selection for 4 A/N bits with M=2, 3, 4 in two configured cells (TDD mode b)

· Case A-3) TDD channel selection in single configured cell

Proposal 2: TxD scheme using up to 4 orthogonal resources (eg. E-SORTD) is applied for the following cases;

· Case B-1) FDD channel selection for 3 A/N bits and TDD channel selection for 3 A/N bits with M=1 in two configured cells

· Case B-2) FDD channel selection for 4 A/N bits and TDD channel selection for 4 A/N bits with M=1 in two configured cells
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Annex A. FDD Mapping Table for TxD Schemes
SORTD

Table 5 FDD Mapping table of 2 A/N bits for SORTD
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Table 6 FDD Mapping table of 3 A/N bits for SORTD
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Table 12 FDD Mapping table of 4 A/N bits for E-SORTD
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Annex B. Link Level Simulation Results
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