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1. Introduction

In last RAN1 66 meeting, several TxD schemes for channel selection were discussed [8]-[17]. This contribution continues the discussions and provides further evaluation results on TxD candidates for channel selection. Based on the analyses in [14] which sets up the modified framework with higher threshold values for DTX detection, but still satisfies the all the requirements of Pr(A->N/D)<=1%, Pr(N->A)<=0.1% and Pr(D->A)<=1%, the tendencies of ACK/NACK performances seem to be a bit different from those which merely sets up Pr(D->A)=1% (DTX definition 2) or Freq(D->A)=1% (DTX definition 1). Further evaluations are performed by adopting this frame work. Also, as for E-SORTD (E-SORTD1 in this contribution) in our previous contribution [16], there was a drawback which needs single antenna fall-back when the corresponding resources are not available or when the relevant row in mapping table is selected. This contribution also provides another variant of E-SORTD (E-SORTD2 in this contribution) which does not need to perform SAP fall-back but still provides robust ACK/NACK performances.
2. Discussions on Transmit Diversity Schemes
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 [16]. The numbers of used orthogonal resources for TxD are 4/6/8 for 2/3/4 A/N bits, respectively. The ACK/NACK performances obviously have been shown as the best among the several candidates.
As discussed in [16], the concern to use double amount of resources with SORTD can be alleviated by adopting appropriate resource allocation. When the next adjacent PUCCH resource to 
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 is available with more than one CCE aggregation level, the additional resource by 
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 can be complimentarily obtained. 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 1 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 without additional resources or with a limited number of additional resources.

Table 1 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


Based on the discussions, the pros and cons can be summarized as follows;
· Pros

· The best ACK/NACK performances have been shown among the TxD candidates.
· With proper resource allocation, SORTD providing the best ACK/NACK performances can be used without additional resources or with a limited number of additional resources in some cases (eg. see Case A-1, A-2, and A-3 in Table 1)

· The implementation is simple and straightforward.

· The existing mapping table and resource allocation can be reused.

· Cons

· There are some cases which cause the significant resource overhead up to 100% depending on the cases (eg. see Case B-1 and B-2 in Table 1).
Based on the discussions, our proposals are;

Proposal 1: SORTD is used for the following three 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 for all A/N bits in single configured cell
Proposal 2: A resource efficient TxD scheme is used for the following two 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

SCBC (Space-Code Block Coding) [4]

 REF _Ref305344901 \r \h 
[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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 are AWGNs.
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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 [16]. 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.
Regarding resource allocation for Case B-1 and B-2 aforementioned, any critical issues have not been found so far.
Based on the discussions, the pros can be summarized as follows;

· Pros

· A resource efficient TxD scheme can be realized.

· The existing FDD mapping table and resource allocation can be reused.
· Cons

· The performance gains are found in certain scenarios (eg. DTX->ACK DEF1 and detector type B of normal detector).
E-SORTD1 (Enhanced SORTD) [16]
Figure 3 shows the concept of transmitter for E-SORTD1 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. It is noted that E-SORTD1 is a variant TxD scheme from RSTD (Resource Selection Transmit Diversity) in [13].
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Figure 3 Concept on transmitter for E-SORTD1
The FDD mapping table of 3 and 4 A/N bits for E-SORTD1 is, respectively, shown in [16]. The numbers of used orthogonal resources for TxD are 4/4 for 3/4 A/N bits, respectively. 

Although E-SORTD showed good ACK/NACK performances under various scenarios [16], there is an issue with E-SORTD in case that it is applied for Case B-1 and B-2. 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 for that case 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, the pros and cons can be summarized as follows;

· Pros

· A resource efficient TxD scheme can be realized while showing the good ACK/NACK performances.

· The existing FDD mapping table and resource allocation can be reused. 
· Cons

· SAP (Single Antenna Port) fall-back or special handling would be needed when the resources are not available.

E-SORTD2 [13]
To address the issue on resource allocation with E-SORTD1 for the Case B-1 and B-2, the mapping table is reordered from Table 3 in [13] not to have a problem on resource allocation as well as to reuse existing FDD mapping table. The exact mapping tables of 3 and 4 A/N bits for E-SORTD2 are shown in Table 4 and Table 5, respectively, in Annex A. 
It is noted that we do not treat original RSTD here (ie. Table 3 in [13]) since it does not match with existing FDD mapping table. It is noted that the current FDD mapping table has the principles of supporting fully implicit resource allocation, Rel-8/9 fall-back both for 1/2 CWs including SORTD for PUCCH format 1a/1b, and individual ACK/NACK bit equalization [18]. 
Also, an RSTD variant in Table 5 in [15] is not discussed here since it does not match with existing resource allocation as well as FDD mapping table itself.
Based on the discussions, the pros can be summarized as follows;

· Pros

· A resource efficient TxD scheme can be realized while showing the good ACK/NACK performances.

· The existing FDD mapping table and resource allocation can be reused.
3. Simulations
Simulation Set-up
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: 
[image: image23.wmf](

)

(

)

2

#false ACK bits

Prob(PUCCH DTX ACK bits) 10

#PUCCH DTX  #(ACK/NAK bits)

-

®=£

´


 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.

We evaluated ACK/NACK performances according to the different threshold values as shown in [14]. In general, the threshold value for “DTX->ACK DEF1” is higher than that for “DTX->ACK DEF2”. Also, as the threshold value is higher, the error probability of NACK to ACK becomes reduced and that of miss-ACK does increased under same conditions. The higher threshold value can be set by lower requirement of Pr(DTX->ACK) or Freq(DTX->ACK). Therefore, the required SNRs to meet Pr(DTX->ACK)<=1%, Pr(ACK->DTX/NACK)<=1%, and Pr(NACK->ACK)<=0.1% are evaluated according to different threshold values for DTX detection (ie. Pr(DTX->ACK)), and then the lowest required SNRs are induced while still meeting the requirements.
The remaining parameters are shown in Table 2.

Table 2 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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	2

	A/N bits
	2,3,4 bits

	Mapping table
	FDD mapping table in TS36.213 for 1Tx. For TxD schemes, the mapping tables are applied as described in this contribution.

	Requirements
	Pr(D(A)<=1%, Pr(A(D/N)=1%, Pr(N(A)=0.1%


Simulation Results
The simulation results to represent required SNR to meet the ACK/NACK performance requirements are tabulated in Table 1. The related link level simulations varying the thresholds for DTX detection were shown in Annex B. In our initial simulations, the Pr(D->A) is varying by 0.2, 0.4, 0.5, 0.6, 0.8, and 1% for DTX->ACK DEF1 and is varying by 0.02, 0.03, 0.04, 0.05, 0.06, 0.08, 0.1, 0.5, and 1% for DTX->ACK DEF2, respectively. It is noted that further refined simulation results with better resolutions can be obtained by increasing the granularities from the simulation set up.
From the simulation results, we observe that the SORTD outperforms all the other TxD schemes in ACK/NACK performance point of view. Even with this framework, it is observed that the ACK/NACK performance of SCBC is marginally better than single antenna transmissions with DTX->ACK DEF1 and detector type B and even worse with other setting. Both E-SORTD1 and 2 (E-SORTD1 is slightly better than E-SORTD2) show the SNR gain over single antenna transmissions in a given simulation framework.

Table 3 Required SNR to meet Pr(D->A)<=1%, Pr(A->N/D)<=1%, and Pr(N->A)<=0.1%
	DTX->ACK Definition
	Detector Type
	Number of A/N bits
	1Tx
	SORTD
	SCBC
	E-SORTD1
	E-SORTD2

	
	
	
	Req. SNR[dB] (Pr(D->A))
	SNR gain over 1Tx [dB]
	Req. SNR[dB] (Pr(D->A))
	SNR gain over 1Tx [dB]
	Req. SNR[dB] (Pr(D->A))]
	SNR gain over 1Tx [dB]
	Req. SNR[dB] (Pr(D->A))]
	SNR gain over 1Tx [dB]
	Req. SNR[dB] (Pr(D->A))]
	SNR gain over 1Tx [dB]

	DTX->ACK DEF 1
	Type A
	2
	-7.14 (1%)
	0.00
	-8.19
(1%)
	1.05
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	
	3
	-6.59
(1%)
	0.00
	-7.92
(1%)
	1.32
	-6.35
(0.2%)
	-0.25
	-7.60
(1%)
	1.01
	-7.40
(0.4%)
	0.81

	
	
	4
	-6.12 (1%)
	0.00
	-7.50 (1%)
	1.38
	-5.99 (0.2%)
	-0.13
	-7.02 (0.2%)
	0.90
	-6.85 (0.2%)
	0.73

	
	Type B
	2
	-6.72 (1%)
	0.00
	-7.65 (1%)
	0.93
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	
	3
	-6.35 (1%)
	0.00
	-7.33 (1%)
	0.98
	-6.65 (0.2%)
	0.30
	-7.24 (1%)
	0.89
	-7.20 (0.8%)
	0.85

	
	
	4
	-5.89 (1%)
	0.00
	-7.11 (1%)
	1.22
	-6.33 (0.2%)
	0.45
	-7.10 (1%)
	1.21
	-6.63 (0.3%)
	0.74

	DTX->ACK DEF 2
	Type A
	2
	-7.45 (1%)
	0.00
	-8.51 (1%)
	1.06
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	
	3
	-7.15 (1%)
	0.00
	-7.90 (0.5%)
	0.75
	-6.50 (0.02%)
	-0.65
	-7.59 (0.5%)
	0.44
	-7.36 (0.1%)
	0.21

	
	
	4
	-6.28 (0.5%)
	0.00
	-7.46 (0.5%)
	1.18
	-6.07
(0.02%)
	-0.21
	-7.02
(0.06%)
	0.74
	-6.93 (0.06%)
	0.65

	
	Type B
	2
	-7.11 (1%)
	0.00
	-8.06 (1%)
	0.95
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	
	
	3
	-6.87 (1%)
	0.00
	-7.75 (1%)
	0.88
	-6.66 (0.06%)
	-0.21
	-7.53 (1%)
	0.66
	-7.04 (0.01%)
	0.17

	
	
	4
	-6.34 (1%)
	0.00
	-7.48 (1%)
	1.15
	-6.38
(0.04%)
	0.05
	-7.03
(0.5%)
	0.69
	-6.64
(0.08%)
	0.31


5. Conclusion
In this contribution, we first discussed that SORTD can be adopted for channel selection in some cases without or with a bit increased resource overhead by applying smart resource allocation.

Second, the link level simulation was performed for single antenna transmission, SORTD, SCBC, E-SORTD1, and E-SORTD2. In the simulation, we adopt the framework described in [14] to find the lowest required SNR with varying threshold value for DTX detection. Based on the simulation results, we observed that SORTD outperforms all the other TxD schemes in all cases. We further observed that SCBC seems not attractive as TxD for channel selection in terms of ACK/NACK performances although it has some benefits in terms of resource efficiency as well as backward compatible resource allocation.
Based on the discussions and link level simulation results, our proposals are summarized as follows;

Proposal 1: SORTD is used for the following three 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 for all A/N bits in single configured cell
Proposal 2: A resource efficient TxD scheme is used for the following two 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

References

[1] R1-105172, CATT, “Transmit Diversity Schemes of PUCCH Format 1b with Channel Selection in Rel-10”
[2] R1-105251, Huawei, HiSilicon, “Transmit diversity for PUCCH with channel selection”
[3] R1-105715, RIM, “Transmit Diversity for Channel Selection”
[4] R1-105539, Nokia Siemens Networks, Nokia, “Performance evaluation for transmit diversity of PUCCH Format 1b with channel selection”
[5] R1-105579, Qualcomm, “TxD scheme for PUCCH format 1 with channel selection”
[6] R1-105644, CATR, “Evaluation results on PUCCH transmission diversity for channel selection”
[7] R1-105665, LG Electronics, “Transmit Diversity for PUCCH Channel Selection”
[8] R1-112078, Ericsson, ST-Ericsson, “Enhanced transmit diversity for PUCCH”
[9] R1-112105, CATT, “Transmit diversity for Format 3 and Format 1b with channel selection”
[10] R1-112539, Qualcomm Incorporated, “PUCCH transmit diversity for Format 3 and Format 1b with Channel selection”
[11] R1-112305, Renesas Mobile Europe Ltd, “Transmit Diversity for PUCCH Format 3 and 1b with channel selection”
[12] R1-112035, Huawei, HiSilicon, “TxD for format 1b with channel selection in Rel-11”
[13] R1-112370, Research In Motion UK Limited, “Transmit Diversity for Channel Selection”
[14] R1-112378, Nokia Siemens Networks, Nokia, “On PUCCH transmit diversity for Format 3 and Format 1b with Channel Selection”
[15] R1-112407, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, “Transmit Diversity for PUCCH Format 1b with Channel Selection”
[16] R1-112472, LG Electronics, “Transmit Diversity for PUCCH Format 1b with Channel Selection in Rel-11”
[17] R1-112501, Samsung, “Discussion on transmit diversity for PUCCH format 1b with channel selection”
[18] R1-105476, Panasonic, “Mapping Tables for Format 1b with Channel Selection”

Annex A. Mapping Tables for E-SORTD2
Table 4 FDD mapping table of 3 A/N bits for E-SORTD2
	HARQ-ACK(0)
	HARQ-ACK(1)
	HARQ-ACK(2)
	Antenna port #0 (p=0)
	Antenna port #1 (p=1)
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Annex B. Link Level Simulation Results
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