
3GPP TSG RAN WG1 Meeting #65


 





    
                   R1-111243
Barcelona, Spain, May 9-13, 2011

Agenda Item:     6.2.1
Source:
Huawei, HiSilicon
Title:                   PUSCH A/N codebook size and RE determination for TDD 
Document for:
Discussion and decision
1 Introduction

In RAN1#64 meeting, PUSCH A/N codebook size and RE determination for TDD was discussed during the meeting and by email discussion after the meeting. The following two options were discussed:

· Option 1: Rel-8 like solution, to determine the PUSCH A/N codebook size with the aid of DAI in UL grant [1]
· To determine the number of REs for A/N based on the A/N codebook size
· Option 2: To determine the number of REs for A/N with the aid of DAI in UL grant [2]
· To determine the PUSCH A/N codebook size based on the number of downlink subframes associated with a single UL subframe for A/N feedback
However, the final decision was not achieved. In this contribution, we further analyze the two options for PUSCH A/N codebook size and RE determination for TDD.
2 Discussion  
2.1 Details of the two options 
In LTE-A TDD, if the number of A/N bits transmitted on PUSCH is always based on the number of subframes in bundling window, the UL data would be punctured by a large number of unnecessary A/N bits, which would increase the overhead and result in unnecessary system throughput loss. To minimize the impact on system throughput, two options were proposed for determining the PUSCH A/N codebook size and the number of REs for A/N.
Option 1: Rel-8 like solution, to determine the PUSCH A/N codebook size with the aid of DAI in UL grant [1]  
As in Rel-8 TDD, the number of A/N bits transmitted on PUSCH can be determined with the aid of DAI in UL grant. 
In Rel-10 for TDD UL-DL configurations 1-6, the value of the DAI in DCI format 0/4,
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 is the downlink association set, i.e. the bundling window. In the example given by Figure 1, the value of DAI in UL grant is 3. 
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Figure 1 Example for the transmission of each DL Configured CC in TDD 
In this case, the number of A/N bits transmitted on PUSCH can be determined according to the following formula.  
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where 
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[image: image15.wmf]2

0

C

=

 if spatial bundling is employed, 
[image: image16.wmf]subframe

N

is the number of downlink subframes for which the UE needs to feedback A/N bits for each configured CC and it can be determined as follows:
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Then the number of REs for A/N can be determined based on the number of A/N bits 
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which is determined with the aid of DAI in UL grant. With the aid of DAI in UL grant, the number of A/N bits transmitted on PUSCH can be determined based on the actual scheduling case as most as possible. Thus, it can reduce the overhead brought by the unnecessary A/N bits. 

Option 2: To determine the number of REs for A/N with the aid of DAI in UL grant [2]  
In this option, the number of A/N bits transmitted on PUSCH is always based on the number of configured CCs, the configured transmission mode, and the number of subframes in downlink association set. Thus, it can be determined according to the following formula:
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 is the number of configured DL CCs, 
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is the number of DL subframes associated with a single UL subframe for A/N feedback (i.e., the number of subframes in downlink association set).
Then, the number of REs for A/N on PUSCH is determined based on
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· 
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 is the number of A/N information bits used to calculate the number of REs for A/N on PUSCH.
· 
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 is determined by the 2-bit DAI field in the corresponding UL grant according to Table 1. 
Table 1 The value of 
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	0,0
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	0,1
	2

	1,0
	3

	1,1
	4


2.2 Comparison of the two options 
In this section, we provide further analysis about the two options for PUSCH A/N codebook size and RE determination.
Impact on implementation

Option 1 does not restrict the implementation of A/N decoding algorithm; however, option 2 requires A/N decoding with the known bits mandatorily implemented. i.e., the A/N bits corresponding to the non-scheduled PDSCH are set to ‘NACK’, which are known bits and can be utilized in decoding.
In option 2, the number of A/N bits transmitted on PUSCH is always calculated according to the configured subframes and CCs, while the RE determination is reduced based on the signalling in UL DAI. If the decoding with the known bits is not implemented at the eNB side, it will result in higher code rate and the A/N performance can not be guaranteed.
In contrast, in option 1, like in Rel-8, the number of REs is calculated based on the number of A/N bits which is determined with the aid of UL DAI. Thus, option 1 can reduce the overhead and maintain A/N performance even if the decoding algorithm is performed without using the known bits.  
A/N performance

Option 1 has better A/N performance when the codebook size is reduced from above 11 bits to no bigger than 11 bits by UL DAI. In such cases, single RM (32, O) code is used in option 1 while dual RM (32, O) code is used in option 2, such as the cases marked in yellow in Table 2 to Table 7 in Appendix A. 
To show the coding gain of single RM code, link-level simulation with the simulation assumptions shown in Table 8 in Appendix B was performed. The corresponding simulation results presented in Table 9 to Table 11, show that single RM has about 1.2dB~2.16dB gain. For these results, ‘known bits’ are used in decoding. About 
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0.1dB~0.4dB variance would exist in the gain since different basis sequences may be used depending on the scheduling.
Table-9: The required SNR (dB) for BER=10e-3 for 4 scheduled A/N bits with QPSK
	
	CR=4/16
	CR=4/32
	CR=4/48
	CR=4/96

	Option 1 (Single RM) *
	2.44
	-1
	-2.92
	-5.7

	Option 2 (Dual RM) * *
	4
	1
	-0.76
	-3.74

	Gain
	1.56
	2
	2.16
	1.96


* Single RM coding for O1ACK bits, including 4 scheduled A/N bits and N1 known bits, such as 4 scheduled bits and 4 known bits for case 3 in Table 2 in Appendix A.
** Dual RM coding for O2ACK bits, including 4 scheduled A/N bits and N2 known bits, such as 4 scheduled bits and 12 known bits for case 3 in Table 2 in Appendix A.
Table-10: The required SNR (dB) for BER=10e-3 for 6 scheduled A/N bits with QPSK
	
	CR=6/24
	CR=6/32
	CR=6/48
	CR=6/96

	Option 1 (Single RM) *
	1.23
	-0.2
	-1.7
	-4.82

	Option 2 (Dual RM) * *
	3.2
	1.8
	0
	-3.28

	Gain
	1.97
	2
	1.7
	1.54


* Single RM coding for O1ACK bits, including 6 scheduled A/N bits and N1 known bits, such as 6 scheduled bits and 2 known bits for case 4 in Table 2 in Appendix A.

** Dual RM coding for O2ACK bits, including 6 scheduled A/N bits and N2 known bits, such as 6 scheduled bits and 10 known bits for case 4 in Table 2 in Appendix A.
Table-11: The required SNR (dB) for BER=10e-3 for 8 scheduled A/N bits with QPSK
	
	CR=8/24
	CR=8/32
	CR=8/48
	CR=8/96

	Option 1 (Single RM) *
	2.71
	1.09
	-0.6
	-3.78

	Option 2 (Dual RM) * *
	4.13
	2.4
	0.57
	-2.5

	Gain
	1.42
	1.31
	1.17
	1.28


* Single RM coding for O1ACK bits, including 8 scheduled A/N bits and N1 known bits, such as 8 scheduled bits and 0 known bits for case 5 in Table 2 in Appendix A.

** Dual RM coding for O2ACK bits, including 8 scheduled A/N bits and N2 known bits, such as 8 scheduled bits and 8 known bits for case 5 in Table 2 in Appendix A.
Better A/N performance can be expected by option 1 in the cases where option 1 occupies relatively more resource than option 2, such as the cases marked in green in Table 2 to Table 7 in Appendix A, about 1.2dB~3dB performance gain can be expected under AWGN channel model. 
According to Table 2 to Table 7 in Appendix A, option 1 has better A/N performance in most cases. Considering Table 2 as an example, the scheduling probability for the cases where option 1 has better A/N performance is about 58.43%, which means that 58.43% of the time option 1 has about 1.2dB~3dB gain. 
The improved A/N performance can be used in one of two different ways to improve the overall system performance. First, better A/N performance can reduce the retransmission of PDSCH, and thus improve the downlink throughput. Second, a smaller 
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 can be used to further reduce the UL overhead, and the overhead can be further reduced by 1.94%~4.87% considering the 58.43% scheduling probability and the 1dB~3dB gain for the cases in Table 2 in Appendix A, with the assumption that 2 out of 12 OFDM symbols are used for A/N transmission on PUSCH.  
Overhead Reduction

As described in the analysis for impact on implementation, the A/N performance can not be guaranteed unless the decoding algorithm uses the known bits for option 2, which means that the overhead reduction by option 2 can be achieved only in the particular cases when the decoding algorithm is performed using the known bits. 

If the decoding algorithm using known bits is assumed, the overhead reduced by option 2 is slightly more than that by option 1. For example, assuming UE needs to use 2 OFDM symbols for A/N transmission on PUSCH and 12 OFDM symbols for PUSCH transmission, the overhead reduction brought by option 2 is about 2.98% more than that brought by option 1, with the same assumption that 2 out of 12 OFDM symbols are used for A/N transmission on PUSCH, and considering the scheduling probability and the overhead reduction gain in the cases marked in light blue in Table 12 in Appendix C.
Based on the above analysis, the difference of the gain in system performance between option 1 and option 2 is marginal.  However, option 1 is similar to Rel-8 and thus it only has impact on 36.213, which can be seen from the accompanied CR [3]. In addition, option 1 does not restrict the implementation of A/N decoding algorithm. Therefore, option 1 is clearly preferred.
Proposal 1: For Rel-10 TDD, the PUSCH A/N codebook size and RE can be determined as follows:

· The number of A/N bits transmitted on PUSCH is defined by 
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· The value of the DAI in UL grant, 
[image: image46.wmf]UL

DAI

V

, represents the maximum value of  EQ 
[image: image47.wmf]i

N

 among all the configured DL CCs, where 
[image: image48.wmf]i

N

 is the total number of subframes with PDSCH transmissions and with PDCCH indicating downlink SPS release to the corresponding UE within all the subframe(s)
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· The number of REs is determined based on the number of A/N bits 
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3 Conclusion 
In this contribution, we provide our views on PUSCH A/N codebook size and RE determination for TDD. Based on the analysis in section 2, we have the following proposals which are similar to Rel-8:

Proposal 1: For Rel-10 TDD, the PUSCH A/N codebook size and RE can be determined as follows:

· The number of A/N bits transmitted on PUSCH is defined by 
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 is the number of configured DL CCs 
· 
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 is the number of DL CCs with the configured MIMO transmission mode enabling the reception of two transmission blocks for the corresponding UE for the case of spatial bundling is not employed, and 
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· The value of the DAI in UL grant, 
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· The number of REs is determined based on the number of A/N bits 
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Appendix A
In this section, the channel coding scheme and overhead for A/N on PUSCH for option 1 and option 2 are compared for some cases as shown in Table 2 to Table 7, with the following explanations.
· M is the number of DL subframes associated with a single UL subframe for A/N transmission

· C is the number of configured CCs.
· C2 is the number of DL CCs with the configured MIMO transmission mode enabling the reception of two transmission blocks.
· T is the number of REs required for the number of A/N bits calculated based on M.
· The scheduling probability is obtained by system simulation with the assumption in Appendix D.
· X indicates the scheduled A/N bit.
· “1” in the second column means the corresponding carrier is scheduled in the corresponding subframe.  
· The rows marked in yellow indicate the cases where single RM (32, O) code is used in option 1 while dual RM (32, O) code is used in option 2, and thus option 1 has better A/N performance.
· The rows marked in green indicate the cases where option 1 occupies relatively more resource than option 2, and thus option 1 has better A/N performance.
Table 2: M = 4, C = 2, C2 = 2

	# of Case
	Scheduling
	Option 1
	Option 2
	Scheduling probability
(%)
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and bit sequence
	Channel coding scheme
	A/N REs
	

	1
	1 0 0 0

0 0 0 0
	4bit

XX00
	Single RM
	T/4
	16bit

X0000000

X0000000
	Dual RM
	T/4
	5.76%

	2
	1 0 0 0

1 0 0 0
	4bit

XXXX
	Single RM
	T/4
	16bit

X000X000

X000X000
	Dual RM
	T/4
	1.22%

	3
	1 1 0 0

0 0 0 0
	8bit

XXXX0000
	Single RM
	2T/4
	16bit

XX000000

XX000000
	Dual RM
	T/4
	3.64%

	4
	1 1 0 0

1 0 0 0
	8bit

XXXXXX00
	Single RM
	2T/4
	16bit

XX00X000

XX00X000
	Dual RM
	2T/4
	1.55%

	5
	1 1 0 0

1 1 0 0
	8bit

XXXXXXXX
	Single RM
	2T/4
	16bit

XX00XX00

XX00XX00
	Dual RM
	2T/4
	0.7%

	6
	1 1 1 0

0 0 0 0
	12bit

XXX000
XXX000
	Dual RM
	3T/4
	16bit

XXX00000

XXX00000
	Dual RM
	2T/4
	7.76%

	7
	1 1 1 0

1 0 0 0
	12bit

XXXX00
XXXX00
	Dual RM
	3T/4
	16bit

XXX0X000
XXX0X000
	Dual RM
	2T/4
	2.94%

	8
	1 1 1 0

1 1 0 0
	12bit

XXXXX0
XXXXX0
	Dual RM
	3T/4
	16bit

XXX0XX00
XXX0XX00
	Dual RM
	3T/4
	2.57%

	9
	1 1 1 0

1 1 1 0
	12bit

XXXXXX

XXXXXX
	Dual RM
	3T/4
	16bit

XXX0XXX0
XXX0XXX0
	Dual RM
	3T/4
	2.44%

	10
	1 1 1 1

0 0 0 0
	16bit

XXXX0000
XXXX0000
	Dual RM
	T
	16bit

XXXX0000
XXXX0000
	Dual RM
	2T/4
	22.19%

	11
	1 1 1 1

1 0 0 0
	16bit

XXXXX000
XXXXX000
	Dual RM
	T
	16bit

XXXXX000
XXXXX000
	Dual RM
	3T/4
	7.33%

	12
	1 1 1 1

1 1 0 0
	16bit

XXXXXX00
XXXXXX00
	Dual RM
	T
	16bit

XXXXXX00
XXXXXX00
	Dual RM
	3T/4
	5.34%

	13
	1 1 1 1

1 1 1 0
	16bit

XXXXXXX0
XXXXXXX0
	Dual RM
	T
	16bit

XXXXXXX0
XXXXXXX0
	Dual RM
	T
	11.13%

	14
	1 1 1 1

1 1 1 1
	16bit

XXXXXXXX

XXXXXXXX
	Dual RM
	T
	16bit

XXXXXXXX

XXXXXXXX
	Dual RM
	T
	14.95%


Table 3: M = 4, C = 2, C2 = 1 (MIMO transmission mode for the first CC)

	# of Case
	Scheduling
	Option 1
	Option 2
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and bit sequence
	Channel coding scheme
	A/N REs

	1
	1 0 0 0

0 0 0 0
	3bit

XX0
	Single RM
	T/4
	12bit

X00000

X00000
	Dual RM
	T/4

	2
	1 0 0 0

1 0 0 0
	3bit

XXX
	Single RM
	T/4
	12bit

X000X0

X00000
	Dual RM
	T/4

	3
	1 1 0 0

0 0 0 0
	6bit

XXXX00
	Single RM
	2T/4
	12bit

XX0000

XX0000
	Dual RM
	2T/4

	4
	1 1 0 0

1 0 0 0
	6bit

XXXXX0
	Single RM
	2T/4
	12bit

XX00X0

XX0000
	Dual RM
	2T/4

	5
	1 1 0 0

1 1 0 0
	6bit

XXXXXX
	Single RM
	2T/4
	12bit

XX00X0

XX00X0
	Dual RM
	2T/4

	6
	1 1 1 0

0 0 0 0
	9bit

XXXXXX000
	Single RM
	3T/4
	12bit

XXX000

XXX000
	Dual RM
	2T/4

	7
	1 1 1 0

1 0 0 0
	9bit

XXXXXXX00
	Single RM
	3T/4
	12bit

XXX0X0

XXX000
	Dual RM
	3T/4

	8
	1 1 1 0

1 1 0 0
	9bit

XXXXXXXX0
	Single RM
	3T/4
	12bit

XXX0X0

XXX0X0
	Dual RM
	3T/4

	9
	1 1 1 0

1 1 1 0
	9bit

XXXXXXXXX
	Single RM
	3T/4
	12bit

XXX0XX

XXX0X0
	Dual RM
	3T/4

	10
	1 1 1 1

0 0 0 0
	12bit

XXXX00

XXXX00
	Dual RM
	T
	12bit

XXXX00

XXXX00
	Dual RM
	3T/4

	11
	1 1 1 1

1 0 0 0
	12bit

XXXXX0

XXXX00
	Dual RM
	T
	12bit

XXXXX0

XXXX00
	Dual RM
	3T/4

	12
	1 1 1 1

1 1 0 0
	12bit

XXXXX0

XXXXX0
	Dual RM
	T
	12bit

XXXXX0

XXXXX0
	Dual RM
	T

	13
	1 1 1 1

1 1 1 0
	12bit

XXXXXX

XXXXX0
	Dual RM
	T
	12bit

XXXXXX

XXXXX0
	Dual RM
	T

	14
	1 1 1 1

1 1 1 1
	12bit

XXXXXX

XXXXXX
	Dual RM
	T
	12bit

XXXXXX

XXXXXX
	Dual RM
	T


Table 4: M = 4, C = 2, C2 = 0

	# of Case
	Scheduling
	Option 1
	Option 2
	Scheduling probability
(%)
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	Channel coding scheme
	A/N REs
	

	1
	1 0 0 0

0 0 0 0
	2bit

X0
	Single RM
	T/4
	8bit

X0000000
	Single RM
	T/4
	6.22%

	2
	1 0 0 0

1 0 0 0
	2bit

XX
	Single RM
	T/4
	8bit

X000X000
	Single RM
	T/4
	2.41%

	3
	1 1 0 0

0 0 0 0
	4bit

XX00
	Single RM
	2T/4
	8bit

XX000000
	Single RM
	T/4
	4.9%

	4
	1 1 0 0

1 0 0 0
	4bit

XXX0
	Single RM
	2T/4
	8bit

XX00X000
	Single RM
	2T/4
	3.95%

	5
	1 1 0 0

1 1 0 0
	4bit

XXXX
	Single RM
	2T/4
	8bit

XX00XX00
	Single RM
	2T/4
	1.9%

	6
	1 1 1 0

0 0 0 0
	6bit

XXX000
	Single RM
	3T/4
	8bit

XXX00000
	Single RM
	2T/4
	7.68%

	7
	1 1 1 0

1 0 0 0
	6bit

XXXX00
	Single RM
	3T/4
	8bit

XXX0X000
	Single RM
	2T/4
	4.35%

	8
	1 1 1 0

1 1 0 0
	6bit

XXXXX0
	Single RM
	3T/4
	8bit

XXX0XX00
	Single RM
	3T/4
	4.28%

	9
	1 1 1 0

1 1 1 0
	6bit

XXXXXX
	Single RM
	3T/4
	8bit

XXX0XXX0
	Single RM
	3T/4
	2.88%

	10
	1 1 1 1

0 0 0 0
	8bit

XXXX0000
	Single RM
	T
	8bit

XXXX0000
	Single RM
	2T/4
	17.76%

	11
	1 1 1 1

1 0 0 0
	8bit

XXXXX000
	Single RM
	T
	8bit

XXXXX000
	Single RM
	3T/4
	7.08%

	12
	1 1 1 1

1 1 0 0
	8bit

XXXXXX00
	Single RM
	T
	8bit

XXXXXX00
	Single RM
	3T/4
	6.22%

	13
	1 1 1 1

1 1 1 0
	8bit

XXXXXXX0
	Single RM
	T
	8bit

XXXXXXX0
	Single RM
	T
	9.9%

	14
	1 1 1 1

1 1 1 1
	8bit

XXXXXXXX
	Single RM
	T
	8bit

XXXXXXXX
	Single RM
	T
	10.68%


Table 5: M = 4, C = 3, C2 = 0

	# of Case
	Scheduling
	Option 1
	Option 2
	Scheduling probability
(%)
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	1
	1 0 0 0

0 0 0 0
0 0 0 0
	3bit

X00
	Single RM
	T/4
	12bit

X00000

000000
	Dual RM
	T/4
	2.97%

	2
	1 0 0 0

1 0 0 0
0 0 0 0
	3bit

XX0
	Single RM
	T/4
	12bit

X0X000

000000
	Dual RM
	T/4
	1.51%

	3
	1 0 0 0

1 0 0 0
1 0 0 0
	3bit

XXX
	Single RM
	T/4
	12bit

X0X0X0

000000
	Dual RM
	T/4
	0.48%

	4
	1 1 0 0

0 0 0 0
0 0 0 0
	6bit

XX0000
	Single RM
	2T/4
	12bit

X00000

X00000
	Dual RM
	T/4
	2.3%

	5
	1 1 0 0

1 0 0 0
0 0 0 0
	6bit

XXX000
	Single RM
	2T/4
	12bit

X0X000

X00000
	Dual RM
	T/4
	1.15%

	6
	1 1 0 0

1 0 0 0
1 0 0 0
	6bit

XXX0X0
	Single RM
	2T/4
	12bit

X0X0X0

X00000
	Dual RM
	2T/4
	0.95%

	7
	1 1 0 0

1 1 0 0
0 0 0 0
	6bit

XXXX00
	   Single RM
	2T/4
	12bit

X0X000

X0X000
	Dual RM
	2T/4
	1.02%

	8
	1 1 0 0

1 1 0 0
1 0 0 0
	6bit

XXXXX0
	Single RM
	2T/4
	12bit

X0X0X0

X0X000
	Dual RM
	2T/4
	0.84%

	9
	1 1 0 0

1 1 0 0
1 1 0 0
	6bit

XXXXXX
	Single RM
	2T/4
	12bit

X0X0X0

X0X0X0
	Dual RM
	2T/4
	0.31%

	10
	1 1 1 0 
0 0 0 0
0 0 0 0 
	9bit

XXX000000
	Single RM
	3T/4
	12bit

XX0000

X00000
	Dual RM
	T/4
	3.46%

	11
	1 1 1 0 
1 0 0 0 

0 0 0 0
	9bit

XXXX00000
	Single RM
	3T/4
	12bit

XXX000

X00000
	Dual RM
	2T/4
	1.5%

	12
	1 1 1 0 
1 0 0 0 

1 0 0 0
	9bit

XXXX00X00
	Single RM
	3T/4
	12bit

XXX0X0

X00000
	Dual RM
	2T/4
	1.0%

	13
	1 1 1 0 
1 1 0 0 

0 0 0 0
	9bit

XXXXX0000
	Single RM
	3T/4
	12bit

XXX000

X0X000
	Dual RM
	2T/4
	1.3%

	14
	1 1 1 0 
1 1 0 0 

1 0 0 0
	9bit

XXXXX0X00
	Single RM
	3T/4
	12bit

XXX0X0

X0X000
	Dual RM
	2T/4
	0.91%

	15
	1 1 1 0 
1 1 0 0 

1 1 0 0
	9bit

XXXXX0XX0
	Single RM
	3T/4
	12bit

XXX0X0

X0X0X0
	Dual RM
	3T/4
	0.96%

	16
	1 1 1 0 
1 1 1 0
0 0 0 0 
	9bit

XXXXXX000
	Single RM
	3T/4
	12bit

XXXX00

X0X000
	Dual RM
	2T/4
	1.85%

	17
	1 1 1 0 
1 1 1 0
1 0 0 0 
	9bit

XXXXXXX00
	Single RM
	3T/4
	12bit

XXXXX0

X0X000
	Dual RM
	3T/4
	1.14%

	18
	1 1 1 0 
1 1 1 0
1 1 0 0 
	9bit

XXXXXXXX0
	Single RM
	3T/4
	12bit

XXXXX0

X0X0X0
	Dual RM
	3T/4
	1.15%

	19
	1 1 1 0 
1 1 1 0
1 1 1 0 
	9bit

XXXXXXXXX
	Single RM
	3T/4
	12bit

XXXXXX

X0X0X0
	Dual RM
	3T/4
	0.49%

	20
	1 1 1 1

0 0 0 0
0 0 0 0 
	12bit

XX0000

XX0000
	Dual RM
	T
	12bit

XX0000

XX0000
	Dual RM
	2T/4
	8.07%

	21
	1 1 1 1

1 0 0 0
0 0 0 0 
	12bit

XXX000

XX0000
	Dual RM
	T
	12bit

XXX000

XX0000
	Dual RM
	2T/4
	3.03%

	22
	1 1 1 1

1 0 0 0
1 0 0 0 
	12bit

XXX0X0

XX0000
	Dual RM
	T
	12bit

XXX0X0

XX0000
	Dual RM
	2T/4
	1.55%

	23
	1 1 1 1

1 1 0 0
0 0 0 0
	12bit

XXX000

XXX000
	Dual RM
	T
	12bit

XXX000

XXX000
	Dual RM
	2T/4
	2.52%

	24
	1 1 1 1

1 1 0 0
1 0 0 0
	12bit

XXX0X0

XXX000
	Dual RM
	T
	12bit

XXX0X0

XXX000
	Dual RM
	3T/4
	1.4%

	25
	1 1 1 1

1 1 0 0
1 1 0 0
	12bit

XXX0X0

XXX0X0
	Dual RM
	T
	12bit

XXX0X0

XXX0X0
	Dual RM
	3T/4
	1.33%

	26
	1 1 1 1

1 1 1 0
0 0 0 0
	12bit

XXXX00

XXX000
	Dual RM
	T
	12bit

XXXX00

XXX000
	Dual RM
	3T/4
	3.92%

	27
	1 1 1 1

1 1 1 0
1 0 0 0
	12bit

XXXXX0

XXX000
	Dual RM
	T
	12bit

XXXXX0

XXX000
	Dual RM
	3T/4
	1.89%

	28
	1 1 1 1

1 1 1 0
1 1 0 0
	12bit

XXXXX0

XXX0X0
	Dual RM
	T
	12bit

XXXXX0

XXX0X0
	Dual RM
	3T/4
	1.77%

	29
	1 1 1 1

1 1 1 0
1 1 1 0
	12bit

XXXXXX
XXX0X0
	Dual RM
	T
	12bit

XXXXXX
XXX0X0
	Dual RM
	T
	2.49%

	30
	1 1 1 1

1 1 1 1

0 0 0 0
	12bit

XXXX00

XXXX00
	Dual RM
	T
	12bit

XXXX00

XXXX00
	Dual RM
	3T/4
	8.83%

	31
	1 1 1 1

1 1 1 1

1 0 0 0
	12bit

XXXXX0

XXXX00
	Dual RM
	T
	12bit

XXXXX0

XXXX00
	Dual RM
	3T/4
	3.59%

	32
	1 1 1 1

1 1 1 1

1 1 0 0
	12bit

XXXXX0

XXXXX0
	Dual RM
	T
	12bit

XXXXX0

XXXXX0
	Dual RM
	T
	3.12%

	33
	1 1 1 1

1 1 1 1

1 1 1 0
	12bit

XXXXXX

XXXXX0
	Dual RM
	T
	12bit

XXXXXX

XXXXX0
	Dual RM
	T
	4.8%

	34
	1 1 1 1

1 1 1 1

1 1 1 1
	12bit

XXXXXX

XXXXXX
	Dual RM
	T
	12bit

XXXXXX

XXXXXX
	Dual RM
	T
	3.44%


Table 6: M = 3, C = 2, C2 = 2

	# of Case
	Scheduling
	Option 1
	Option 2
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	1
	1 0 0 
0 0 0 
	4bit

XX00
	Single RM
	T/3
	12bit

X00000

X00000
	Dual RM
	T/3

	2
	1 0 0 
1 0 0 
	4bit

XXXX
	Single RM
	T/3
	12bit

X00X00

X00X00
	Dual RM
	T/3

	3
	1 1 0 
0 0 0 
	8bit

XXXX0000
	Single RM
	2T/3
	12bit

XX0000

XX0000
	Dual RM
	T/3

	4
	1 1 0 
1 0 0 
	8bit

XXXXXX00
	Single RM
	2T/3
	12bit

XX0X00
XX0X00
	Dual RM
	2T/3

	5
	1 1 0 
1 1 0 
	8bit

XXXXXXXX
	Single RM
	2T/3
	12bit

XX0XX0
XX0XX0
	Dual RM
	2T/3

	6
	1 1 1 
0 0 0 
	12bit

XXX000
XXX000
	Dual RM
	T
	12bit

XXX000
XXX000
	Dual RM
	2T/3

	7
	1 1 1 
1 0 0 
	12bit

XXXX00
XXXX00
	Dual RM
	T
	12bit

XXXX00
XXXX00
	Dual RM
	2T/3

	8
	1 1 1 
1 1 0 
	12bit

XXXXX0
XXXXX0
	Dual RM
	T
	12bit

XXXXX0
XXXXX0
	Dual RM
	T

	9
	1 1 1 
1 1 1 
	12bit

XXXXXX

XXXXXX
	Dual RM
	T
	12bit

XXXXXX

XXXXXX
	Dual RM
	T


Table 7: M = 3, C = 2, C2 = 0

	# of Case
	Scheduling
	Option 1
	Option 2
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	1
	1 0 0 
0 0 0 
	2bit

X0
	Single RM
	T/3
	6bit

X00000
	Single RM
	T/3

	2
	1 0 0 
1 0 0 
	2bit

XX
	Single RM
	T/3
	6bit

X00X00
	Single RM
	T/3

	3
	1 1 0 
0 0 0 
	4bit

XX00
	Single RM
	2T/3
	6bit

XX0000
	Single RM
	T/3

	4
	1 1 0 
1 0 0 
	4bit

XXX0
	Single RM
	2T/3
	6bit

XX0X00
	Single RM
	2T/3

	5
	1 1 0 
1 1 0 
	4bit

XXXX
	Single RM
	2T/3
	6bit

XX0XX0
	Single RM
	2T/3

	6
	1 1 1 
0 0 0 
	6bit

XXX000
	Single RM
	T
	6bit

XXX000
	Single RM
	2T/3

	7
	1 1 1 
1 0 0 
	6bit

XXXX00
	Single RM
	T
	6bit

XXXX00
	Single RM
	2T/3

	8
	1 1 1 
1 1 0 
	6bit

XXXXX0
	Single RM
	T
	6bit

XXXXX0
	Single RM
	T

	9
	1 1 1 
1 1 1 
	6bit

XXXXXX
	Single RM
	T
	6bit

XXXXXX
	Single RM
	T



Appendix B
Link-level Simulation Assumptions 

Table 8 Simulation Assumptions 

	Parameter
	Value

	Channel model
	AWGN

	Receiver Type
	    ML detection at bit level using known bits   

	HARQ-ACK payload
	      4 bits, 6 bits, 8 bits

	Number of coded bits
	      16bits, 24bits, 32 bits, 48 bits, 96bits 

	Coding Schemes
	     Single RM (32, O) and dual RM (32, O)

	Modulation scheme
	   QPSK


Appendix C
In this section, an example showing the overhead for A/N on PUSCH for option 1 and option 2 for the cases as shown in Table 12 is given, with the following explanations.
· M is the number of DL subframes associated with a single UL subframe for A/N transmission

· C is the number of configured CCs.
· C2 is the number of DL CCs with the configured MIMO transmission mode enabling the reception of two transmission blocks.
· T is the number of REs required for the number of A/N bits calculated based on M.
· The scheduling probability is obtained by system simulation with the assumption in Appendix D.
· “1” in the second column means the corresponding carrier is scheduled in the corresponding subframe.
· The rows marked in light blue indicate the cases where option 2 has slightly more overhead reduction.  
Table 12: M = 4, C = 2, C2 = 2
	# of Case
	Scheduling
	Option 1
	Option 2
	Scheduling probability

(%)
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	1
	1 0 0 0

0 0 0 0
	1
	T/4
	75%
	1
	T/4
	75%
	5.76%

	2
	1 0 0 0

1 0 0 0
	1
	T/4
	75%
	1
	T/4
	75%
	1.22%

	3
	1 1 0 0

0 0 0 0
	2
	2T/4
	50%
	1
	T/4
	75%
	3.64%

	4
	1 1 0 0

1 0 0 0
	2
	2T/4
	50%
	2
	2T/4
	50%
	1.55%

	5
	1 1 0 0

1 1 0 0
	2
	2T/4
	50%
	2
	2T/4
	50%
	0.7%

	6
	1 1 1 0

0 0 0 0
	3
	3T/4
	25%
	2
	2T/4
	50%
	7.76%

	7
	1 1 1 0

1 0 0 0
	3
	3T/4
	25%
	2
	2T/4
	50%
	2.94%

	8
	1 1 1 0

1 1 0 0
	3
	3T/4
	25%
	3
	3T/4
	25%
	2.57%

	9
	1 1 1 0

1 1 1 0
	3
	3T/4
	25%
	3
	3T/4
	25%
	2.44%

	10
	1 1 1 1

0 0 0 0
	4
	T
	0%
	2
	2T/4
	50%
	22.19%

	11
	1 1 1 1

1 0 0 0
	4
	T
	0%
	3
	3T/4
	25%
	7.33%

	12
	1 1 1 1

1 1 0 0
	4
	T
	0%
	3
	3T/4
	25%
	5.34%

	13
	1 1 1 1

1 1 1 0
	4
	T
	0%
	4
	T
	0%
	11.13%

	14
	1 1 1 1

1 1 1 1
	4
	T
	0%
	4
	T
	0%
	14.95%


Appendix D
System-level Simulation Assumptions 
Table 13 Simulation Assumptions 

	Parameter
	Value

	CC Configuration
	2 contiguous CCs at 2GHz
or

3 contiguous CCs at 2GHz

	System Bandwidth
	10 MHz per CC

	Sub-frame Configuration
	TDD UL-DL configuration 2

	Channel Model
	Spatial Channel Model (SCM)

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Scenario
	3GPP Case 1

	Number of UEs per Sector
	10

	Antenna Configuration 
	2 Tx at eNodeB with 4.0 lambda spacing, directional antennas
2 Rx at UE with 4.0 lambda spacing, omni antennas

	UE Speed
	3km/h

	Scheduler
	Independent PF per CC

	Traffic Model
	Full Buffer

	Receiver
	MMSE Receiver

	UE Channel Estimation
	Ideal

	Transmission Scheme
	Rel.8 Codebook based SU-MIMO
or

SFBC

	Overhead
	24REs per RB for RS and first 3 symbols for control zone

	Control Error
	No

	CQI Report
	5ms PUSCH based CQI report, 4ms delay

	Rank Adaptation
	Yes

	HARQ Combination
	Chase combining
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