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1. Introduction

This contribution discusses the criteria for designing TxD schemes and compares the possible TxD schemes for PUCCH format 1b with channel selection in FDD and TDD in terms of resource allocation aspects as well as ACK/NACK performance perspective via link level simulation.
2. Design Criteria
Some guidelines for selection of Tx diversity schemes were discussed in RAN1 66;
· PUCCH overhead as close as possible to single antenna case

· Performance significantly improved compared to single antenna and as close as possible SORTD

· Minimize the specification impact

· Consider cases with and without antenna gain imbalance 

· Take inter-cell interference into account

· Consider both normal and extended CP
In last RAN1 66bis meeting, it was concluded as follows;
Working assumption:
· Transmit diversity scheme should be specified for PUCCH Format 1b with channel selection
· For format 1b transmit diversity with channel selection 

· in FDD, at most 4 PUCCH resources are used for 2,3 and 4 A/N bits 
· FFS the number of PUCCH resources used in TDD 
· If possible, strive for a common solution between FDD and TDD
The Rel-10 FDD mapping table was designed [8] in order to

· support fully implicit resource allocation for FDD in CA.
· support Rel-8/9 fall-back on PCell both for one and two TBs.

· provide the equalized ACK/NACK performances for individual ACK/NACK bit while showing good average ACK/NACK performances.

The Rel-10 TDD mapping table was designed [9] in order to
· support fully implicit resource allocation with having nested property for TDD both in CA and non-CA.
· support Rel-8/9 fall-back on PCell for one TB.

Any new mapping table design and resource allocation due to TxD scheme should be avoided in order not to repeat unnecessary disputes as in Rel-10 as long as keeping Rel-10 mapping table is possible at least for antenna port 0. Therefore, we propose that the following design criteria should be further considered on TxD scheme for PUCCH format 1b with channel selection;
· The same mapping table, at least for DATA part, as in Rel-8/9/10 should be kept for the antenna port 0.
· The same principle of resource allocation as in Rel-8/9/10 should be kept for the antenna port 0.

· To support fully implicit resource allocation for FDD and TDD.

· To support Rel-8/9 fall-back on PCell for one/two TBs in FDD and one TB in TDD.

· To provide ACK/NACK bit equalization in FDD.

Proposal 1: The following should be further considered on designing TxD scheme for PUCCH format 1b with channel selection;
· The same mapping table, at least for DATA part, as in Rel-8/9/10 should be kept for the antenna port 0.

· The same principle of resource allocation as in Rel-8/9/10 should be kept for the antenna port 0.
3. TxD Scheme for FDD
For FDD, several TxD schemes using up to four orthogonal resources have been introduced; E-SORTD1, E-SORTD2 [5], RSTD [6], and PVS [7]. 
If n_CCE+1 on PCell is available, SORTD would be the most promising TxD scheme in terms of ACK/NACK performances with addressing resource overhead issue. While the next PUCCH resource on PCell is available on PCell in 2 ACK/NACK bits, the next PUCCH resource (n_CCE+1) is already used for channel selection in 3 and 4 ACK/NACK bits where the efficient resource allocation for SORTD is not possible.

As for E-SORTD1, E-SORTD2, and RSTD, the principles are similar by dividing an orthogonal resource into two parts of RS and DATA. By doing this, the effective number of available codewords can be increased with similar PUCCH overhead to single antenna transmission. This increased codewords are re-mapped on the antenna ports to exploit spatial diversity gain. While the PRB location for paired resources is up to eNB implementation and the eNB can still decode ACK/NACK information even with different PRB location for paired resources, the same PRB location for those is desirable to ensure good ACK/NACK performances by coherently combining RS and DATA signals. Also, these three TxD schemes have solutions for 3/4 ACK/NACK bits but not for 2 ACK/NACK bits. The main differences among them are;
· E-SORTD1
· Exact same mapping table for antenna port 0 as Rel-10 FDD mapping table with satisfying the design criteria discussed in Chapter 2
· In some cases, single antenna port fall-back is necessary in cell-DTX due to unavailable corresponding resources for second antenna port.

· Same modulation b(0)b(1) on DATA between two antenna ports as well as between two slots

· E-SORTD2

· The same mapping table for antenna port 0 as Rel-10 FDD mapping table, at least for DATA part, with satisfying the criteria discussed in Chapter 2
· Same modulation b(0)b(1) on DATA between two antenna ports as well as between two slots

· RSTD

· The same mapping table for antenna port 0 as Rel-10 FDD mapping table, at least for DATA part, in 4 ACK/NACK bit but different one in 3 ACK/NACK bit
· Different modulation b(0)b(1) on DATA between two antenna ports as well as between two slots

Regarding PVS, by the precoding matrices of [+1 +1] and [+1 -1] are applied to the first slot and the second slot, respectively. An eNB does not need to know the used precoding matrices for ACK/NACK decoding where no specification is needed at all.
Table 1 summarized the required SNR to meet the requirements such that Pr(DTX(ACK)<=1%, Pr(ACK(NACK)<=1%, and Pr(NACK(ACK)<=0.1%. Given the simulation results, we found that;
· SORTD, in general, outperforms other TxD schemes (~1.0 dB in average over 1Tx).

· E-SORTD1, E-SORTD2, and RSTD show the similar SNR gains over single antenna transmission (~0.7dB in average). Therefore, we do not see the motivation to change the constellations across antenna ports and slots.
· PVS shows limited SNR gain over single antenna transmission (~0.1 dB in average).

Table 1 Required SNR to meet the requirements – ETU 3km/h, 10MHz system BW, (.): DTX to ACK error for threshold setting
	Detector type
	# A/N bits
	1Tx
	SORTD
	E-SORTD1
	E-SORTD2
	RSTD
	PVS

	A
	2
	-7.50 (1%)
	-8.48 (1%)
	N/A
	N/A
	N/A
	-7.54 (1%)

	
	3
	-7.12 (1%)
	-8.10 (1%)
	-7.65 (0.3%)
	-8.00 (0.4%)
	-8.15 (1%)
	-7.22 (1%)

	
	4
	-6.73 (1%)
	-7.85 (1%)
	-7.41 (0.3%)
	-7.23 (0.3%)
	-7.40 (0.5%)
	-6.81 (1%)

	B
	2
	-7.15 (1%)
	-8.09 (1%)
	N/A
	N/A
	N/A
	-7.18 (1%)

	
	3
	-6.73 (1%)
	-7.67 (1%)
	-7.60 (0.9%)
	-7.49 (0.8%)
	-7.55 (1%)
	-7.07 (1%)

	
	4
	-6.51 (1%)
	-7.29 (1%)
	-7.35 (1%)
	-7.05 (0.5%)
	-7.08 (0.5%)
	-6.62 (1%)


Proposal 2: For FDD channel selection,

· SORTD is used in 2 ACK/NACK bits.

· E-SORTD2 in Annex C can be considered as TxD scheme for FDD channel selection in 3/4 ACK/NACK bits.
4. TxD Scheme for TDD
As discussed in Chapter 3, if the next PUCCH resource by n_CCE+1 is available on PCell, the SORTD is the best choice in terms of ACK/NACK performances.

As for TDD channel selection with single antenna in single configured cell, all PUCCH resources are induced in implicit ways by a function of the lowest CCE indices of DL assignments. Additional PUCCH resource by n_CCE+1 can be complementarily used for SORTD without change of existing TDD mapping table. It may be possible to adapt FDD proposals like E-SORTD and RSTD for TDD channel selection. However, since we cannot assure the same PRB location for TDD, the additional resource for pairing should be obtained by means of n_CCE+1 where the required number of resources would be eventually equivalent to SORTD. In this case, we should apply SORTD since it shows the best ACK/NACK performances in general as studied in Chapter 3.
In carrier aggregation for TDD with M=1, the same TxD scheme as FDD channel selection can be reused as discussed in Chapter 3. As for M=2, 3, and 4, the additional resource overheads are summarized in Table 2. Even with the worst case of non cross-carrier scheduling, only two explicit additional resources are needed to facilitate SORTD in 4 ACK/NACK bits. For cross-carrier scheduling and single configured CC, no additional overhead is foreseen.
Table 2 Additional PUCCH resource overheads with SORTD compared to 1Tx transmission
	
	TDD with M=2, 3, 4 in CA
	TDD in non-CA

	Cross-carrier scheduling
	0%
	N/A

	Non cross-carrier scheduling
	50%
	N/A

	Single cell configuration
	N/A
	0%


 Proposal 3: For TDD channel selection,
· For M=1 in carrier aggregation, the same TxD scheme is used as FDD channel selection.
· For other cases (non-CA, CA with M=2, 3, and 4), SORTD is used.
5. Conclusion
This contribution discussed additional design criteria for transmit diversity schemes of channel selection and possible candidates for them. As conclusions, our proposals are summarized as below;
Proposal 1: The following should be further considered on designing TxD scheme for PUCCH format 1b with channel selection;
· The same mapping table, at least for DATA part, as in Rel-8/9/10 should be kept for the antenna port 0.
· The same principle of resource allocation as in Rel-8/9/10 should be kept for the antenna port 0.
Proposal 2: For FDD channel selection,

· SORTD is used in 2 ACK/NACK bits.
· E-SORTD2 in Annex C can be considered as TxD scheme for FDD channel selection in 3/4 ACK/NACK bits.
Proposal 3: For TDD channel selection,

· For M=1 in carrier aggregation, the same TxD scheme is used as FDD channel selection.
· For other cases (non-CA, CA with M=2, 3, and 4), SORTD is used.

References

[1] R1-112891, Huawei, HiSilicon, “Transmit diversity scheme for format 1b with channel selection”
[2] R1-112940, CATT, “Transmit diversity for PUCCH Format 1b with channel selection”
[3] R1-113077, Samsung, “Transmit diversity for PUCCH format 1b with channel selection”
[4] R1-113134, Nokia Siemens Networks, Nokia, “On the PUCCH Transmission Diversity for PUCCH Format 1B with Channel Selection”
[5] R1-113183, LG Electronics, “Transmit Diversity Schemes on Channel Selection for Rel-11”
[6] R1-113233, Research In Motion UK Limited, “Further Evaluation on Transmit Diversity for Channel Selection”
[7] R1-113378, Qualcomm Inc., “TxD scheme for PUCCH format 1b with channel selection”
[8] R1-105476, Panasonic, “Mapping Tables for Format 1b with Channel Selection”
[9] R1-106503, Nokia, Nokia Siemens Networks, “Proposals on TDD ACK/NAK feedback in Rel-10”
Annex A. Simulation Assumptions
FDD mapping table is used for evaluations. The following definition for DTX to ACK error was used in the simulations;

· DTX->ACK DEF 1: 
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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.

· 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. 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). 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 3.

Table 3 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 are applied as described in this contribution.

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


Annex B. Link Level Simulation Results
The link level simulation results are shown. The threshold values for DTX detection are varying such that the probabilities of DTX to ACK error are from 0.1% to 1%.
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Annex C. FDD Mapping Table 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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Table 5 FDD mapping table of 4 A/N bits for E-SORTD2
	HARQ-ACK(0)
	HARQ-ACK(1)
	HARQ-ACK(2)
	HARQ-ACK(3)
	Antenna port 0
	Antenna port 1
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