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1. Introduction

In RAN1#58bis, the following conclusions are made in [1]:
· Rel-10 design supports up to 5 DL CCs
· All A/N for a UE can be transmitted on PUCCH in absence of PUSCH transmission
· Support mapping onto one UE specific UL CC
· One A/N for each DL CC transport block should be supported
· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation
· Simultaneous A/N transmission on multiple UL CC is FFS
· One A/N for each DL CC transport block should be supported
· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation
Discussions on ACK/NACK transmission schemes with CA can be found in [2]-[11]. While most of them focuses on designs for FDD. In this contribution, we discuss ACK/NAK transmission schemes for TDD in Rel-8 with carrier aggregation.
2. ACK/NAK Bundling

Since Rel-10 TDD system involves both carrier aggregations and asymmetric DL/UL sub-frames configurations, per codeword ACK/NAK bundling shall be performed across multiple DL CCs and multiple DL sub-frames. One or two bundled ACK/NACK information bits shall be transmitted on either PUCCH or PUSCH.  

On DAI in DL grant, our view is that the DAI shall comprise two parts. The first part, denoted as DAI part 1, is a fixed 3-bit representing the total number of PDCCHs requiring ACK/NACK feedback in the current subframe. UE detects at least one DL grant is missed in a subframe, if the number of detected DL grants is not equal to DAI part 1. The second part of DAI, denoted as DAI part 2, represents a counter of scheduled subframes, similar to the DAI in Rel-8. The benefits of DAI part 2 is that eNB is not required to scheduling all DL subframes at once. Hence, we have the following proposal:

Proposal 1: For ACK/NAK bundling in Rel-10 TDD CA, DAI in DL grant comprises two parts. DAI part 1 is a fixed 3-bit, representing the total number of PDCCH requiring ACK/NAK in the current subframe. DAI part 2 is a 2-bit counter, representing the accumulative number of scheduled DL subframes.
With ACK/NAK bundling, single-carrier property in UL transmission is maintained. Similar ACK/NACK detection performance as in Rel-8 can be achieved in Rel-10. Further, there is almost no additional PUCCH overhead compared to Rel-8. On the other hand, ACK/NAK bundling leads to unnecessary retransmissions. The amount of unnecessary retransmissions is expected to be larger in Rel-10, since channel/interference conditions on different CCs can vary more dramatically than on different subframes of a single carrier.
2.1. ACK/NAK bundling on PUCCH

For ACK/NAK bundling on PUCCH, the bundled 1 or 2 ACK/NACK bits shall be transmitted using PUCCH format 1a/1b.  DAI in DL grant is used by a UE to determine if any of the PDCCH is misdetected. In case UE detects a DL grant miss, the UE shall perform a DTX on PUCCH.
Since DAI part 2 is still a counter, similar to Rel-8 TDD ACK/NAK bundling, the issue of last DL grant mis-detection shall be resolved by transmitting the bundled ACK/NACK on the resource corresponds to the last detected DL subframe. In terms of ACK/NAK resource derivation, two options are generally available. The first approach is to semi-statically configure a set of ACK/NACK resources for each UE and the number of ACK/NACK resources equals the number of DL subframes in the bundling window. The second approach is to find one ACK/NACK resource for each DL subframe among multiple DL CCs, by some rule. For example, for each DL subframe, the dynamic ACK/NACK resource corresponding to the PDCCH scheduling PDSCH on the lowest (or highest) carrier frequency can be used. The final ACK/NACK resource used for the transmission of bundled ACK/NAK corresponds to the last detected subframe, i.e. following the Rel-8 rules using DAI part 2.
2.2. ACK/NAK bundling on PUSCH
For ACK/NAK bundling on PUSCH, the bundled 1 or 2 ACK/NACK bits can be transmitted using the Rel-8 design. Note that DAI part 2 represents a counter of scheduled DL subframes. Hence, it is necessary to treat ACK/NAK bundling on PUSCH separately for cases with and without UL grant. If there is an UL grant, then the DAI in the UL grant shall correspond to DAI part 2 in DL grants. In addition, Rel-8 ACK/NACK scrambling sequences on PUSCH are needed to indicate whether the last scheduled DL grant is missed or not. In summary, ACK/NAK bundling on PUSCH for Rel-10 TDD CA can largely reuse the design of Rel-8 TDD.
3. ACK/NAK Multiplexing

ACK/NAK multiplexing shall be supported in Rel-10 TDD CA, in addition to ACK/NAK bundling. Given the demand of supporting both CA and TDD asymmetric DL/UL subframe configuration in Rel-10, a UE needs to generate MxN (with spatial bundling) or 2xMxN (without spatial bundling) ACK/NACK bits, where M is the number of DL CCs in the UE DL CC set, and N is the number of DL subframes associated with a single UL subframe. Also, similar to FDD in [11], the number of ACK/NAK bits can be generalized, if the transmission modes on different carriers are different. 
The DAI in DL grants can contain two parts, to be consistent with the case of ACK/NAK bundling. On the other hand, UE shall use the DAI in DL grants to map each ACK/NAK bit to a corresponding bit location. Hence both DAI part 1 and DAI part 2 shall represent a counter.  Hence, we have the following proposal:
Proposal 2: For ACK/NAK multiplexing in Rel-10 TDD with CA, the DAI in DL grants shall comprise two parts. DAI part 1 is a 3-bit counter, representing the accumulative number of scheduled DL CCs in the current subframe. DAI part 2 is a 2-bit counter, representing the accumulative number of scheduled DL subframes. UE shall use both DAI part 1 and DAI part 2 to map each ACK/NAK bit to a corresponding bit location.

3.1. ACK/NAK multiplexing on PUCCH
Based on the above analysis, in Rel-10 TDD with CA, a UE may need to transmit up to 20 or 40 ACK/NACK bits with and without spatial bundling, assuming 5 DL CCs and 4 DL subframes associated with a single UL subframe. Clearly, Rel-8 ACK/NAK multiplexing with channel selection is not sufficient for Rel-10 TDD with CA. In the following, we discuss two options for ACK/NAK multiplexing in Rel-10 TDD with CA.

Option 1: Design of a new PUCCH structure 
Since the capacity of PUCCH is not sufficient for ACK/NACK multiplexing in Rel-10 TDD, a new structure to transmit large ACK/NAK payload sizes (e.g. 20 or 40 bits) can be considered. One possibility is to use the PUSCH structure as illustrated in Figure 1. With QPSK, 288 coded bits can be transmitted in one PUSCH RB, which is sufficient to accommodate the extreme ACK/NACK payload case in Rel-10 TDD with CA. The ACK/NACK resource for this new format can be semi-statically configured. 
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Figure 1: New PUCCH format with SF=1 
Simply using Rel-8 PUSCH for the transmission of multiple ACK/NAK bits may lead to excessive overhead, since only one UE can transmit ACK/NAK in a PRB. A spreading factor can be applied in the time domain, in order to increase the multiplexing capacity. Figure 2 shows an example, where two UEs share the same RB to transmit multiple ACK/NACKs. Using QPSK, each UE can transmit 144 coded bits in a subframe. [D1, D2… D6] correspond to the ACK/NACK information bearing symbols, and every Di contains 24 coded bits. [w1, w2] represent a length-2 orthogonal cover code. Frequency hopping can be used to obtain the diversity gain.
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Figure 2: New PUCCH format with SF=2

Different spreading factors of orthogonal cover codes can be used, in order to further balance the tradeoff between ACK/NACK payload size and multiplexing capacity. Figures 5 – 6 in Appendix I show the examples with SF = 3 and SF = 6, respectively. In Appendix I, we also show simulation results for the new PUCCH format with various SFs. As illustrated in Figure 7, for 10 ACK/NACK payload bits, the performance of SF = 1, 2, 3 are very similar, while SF = 6 has a 1dB loss. Figure 8 is show the ACK/NAK performance with 20 payload bits.
Option 2: Rel-8 PUCCH format 2 for multiple ACK/NACK transmission 
Since Rel-8 PUCCH format 2 can only provide 20 coded bits, two PUCCH format 2 resources (2xPUCCH) are needed to support up to 20 ACK/NAK bits in Rel-10 TDD with CA. Figures 3 and 4 show examples of separate and joint coding using 2xPUCCH format 2 for multi-ACK/NAK transmission. 
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Figure 3: Independent coding with 2xPUCCH format 2
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Figure 4: Joint coding with 2xPUCCH format 2
Figures 7 – 8 show the ACK/NAK performance for 10 and 20 payload bits. For 10 ACK/NAK bits, a single PUCCH format 2 resource provides similar performance to the new PUCCH structure in Option 1. For 20 ACK/NAK bits, the new PUCCH structure in Option 1 provides better performance with 2xPUCCH format 2. In addition, 2xPUCCH format 2 suffers from higher CM, while single carrier property is maintained with the new PUCCH structure in Option 1. In case spatial bundling is not performed, then up to 40 ACK/NAK bits shall be transmitted, which further limits the application of PUCCH format 2 for multi-ACK/NAK bit transmission.

With the above considerations, we have the following proposal:

Proposal 3: For ACK/NAK multiplexing in Rel-10 TDD with CA, a new PUCCH structure with large payload size shall be considered.  
3.2. ACK/NAK multiplexing on PUSCH
Similar to the case of FDD in [11], it is also necessary to evaluate whether or not Rel-8 PUSCH multiplexing scheme (i.e. ACK/NACK on SC-FDMA symbols next to UL DM RS) is sufficient for the transmission of multiple ACK/NAK bits in Rel-10 TDD with CA. Simulations results are provided in Appendix II, assuming 4 SC-FDMA symbols next to UL DM RS are fully utilized for ACK/NACK transmission. The extreme cases of 20 ACK/NACK bits (with spatial bundling) and 40 ACK/NAK bits (without spatial bundling) are evaluated. Compared with the corresponding evaluation for FDD in [11], the performance of 20 or 40 ACK/NAK bits degrades since the ACK/NAK payload size is significantly larger for TDD and FDD. It shall be further considered whether more SC-FDMA symbols can be used for ACK/NAK transmission on PUSCH.
4. Conclusions

In this contribution, we discuss the design principles for ACK/NAK bundling and multiplexing in Rel-10 TDD with carrier aggregation. We currently have the following proposals:
Proposal 1: For ACK/NAK bundling in Rel-10 TDD CA, DAI in DL grant comprises two parts. DAI part 1 is a fixed 3-bit, representing the total number of PDCCH requiring ACK/NAK in the current subframe. DAI part 2 is a 2-bit counter, representing the accumulative number of scheduled DL subframes.

Proposal 2: For ACK/NAK multiplexing in Rel-10 TDD with CA, the DAI in DL grants shall comprise two parts. DAI part 1 is a 3-bit counter, representing the accumulative number of scheduled DL CCs in the current subframe. DAI part 2 is a 2-bit counter, representing the accumulative number of scheduled DL subframes. UE shall use both DAI part 1 and DAI part 2 to map each ACK/NAK bit to a corresponding bit location.

Proposal 3: For ACK/NAK multiplexing in Rel-10 TDD with CA, a new PUCCH structure with large payload size shall be considered.  
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Appendix I

The new PUCCH format with SF=3 and SF=6 are shown in Figure 5 and Figure 6, respectively. 
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Figure 5: New PUCCH format with SF=3
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Figure 6: New PUCCH format with SF=6
ACK/NAK BER performance with the new PUCCH structure and with PUCCH format 2 is provided. Table 1 lists the simulation assumptions.
Table 1: Simulation assumptions in Appendix I
	Parameters
	Value

	Bandwidth
	5MHz

	Channel model
	ETU 

	Antenna Correlation
	0 (Uncorrelated, |ρ|=0)

	UE speed (km/h)
	3km/h

	Number of antennas
	1 Tx, 2 Rx for 1x2 SIMO

	Coding
	RM coding or convolutional coding

	Channel estimation
	Realistic

	CP type
	Normal CP

	Frequency hopping at slot boundary
	YES

	Number of PRBs
	1
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Figure 7: ACK/NACK payload of 10 bits                                 Figure 8: ACK/NACK payload of 20 bits
Appendix II

This section shows the BER performance of ACK/NAK multiplexing on PUSCH with various ACK/NACK payloads and various PUSCH resource sizes. Simulation assumptions are listed in Table 2.  

Table 2: Simulation assumptions in Appendix II

	Parameters
	Value

	Bandwidth
	5MHz

	Channel model
	ETU 

	Antenna Correlation
	0 (Uncorrelated, |ρ|=0)

	UE speed (km/h)
	3km/h

	Number of antennas
	1 Tx, 2 Rx for 1x2 SIMO

	Channel estimation
	Realistic

	Modulation
	QPSK

	CP type
	Normal CP

	ACK/NACK mode
	Multiplexing on PUSCH

	Frequency hopping at slot boundary
	YES

	Number of PRBs for PUSCH
	1 or 2 or 3

	Amount of REs for ACK/NACK
	Fully occupy 4 symbols reserved for UCI on PUSCH
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Figure 9: ACK/NACK Multiplexing on PUSCH 1RB      Figure 10: ACK/NACK Multiplexing on PUSCH 2RBs
[image: image11.emf]-16 -14 -12 -10 -8 -6 -4 -2 0 2 4

10

-2

10

-1

10

0

SNR [dB]

BER

 

 

ACK/NACKs=4bits

ACK/NACKs=5bits

ACK/NACKs=10bits

ACK/NACKs=20bits

ACK/NACKs=40bits


Figure 11: ACK/NACK Multiplexing on PUSCH 3RBs[image: image12.png]




































































































































































































































































































































































































































































































































































































































































































































_1326714127.vsd
�

�

D1


Time


Frequency


D2


D3


RS�

D4


D5


D6


D7


D8


D9


RS�

D10


D11


D12


Slot 0


Slot 1


[D1,D2,...,D12]: ACK/NACK symbols



_1326714404.vsd
�

�

�

Time


Frequency


�

�

RS�

�

�

�

w1


X�

D1


w3


X�

D2


X�

w2


X�

w3


w1


X�

w2


X�

�

�

�

RS�

�

�

�

w1


X�

D3


w3


X�

D4


X�

w2


X�

w3


w1


X�

w2


X�

Slot 0


Slot 1


[D1,D2,…,D4]: ACK/NACK symbols


[w1,w2,w3]: Orthogonal sequence



_1326714666.vsd
�

�

�

Time


Frequency


�

�

RS�

�

�

�

w1


X�

D1


w6


X�

X�

w2


X�

w3


w4


X�

w5


X�

�

�

�

RS�

�

�

�

w1


X�

D2


w6


X�

X�

w2


X�

w3


w4


X�

w5


X�

Slot 0


Slot 1


[D1, D2]: ACK/NACK symbols


[w1, w2,…, w6]: Orthogonal sequence]



_1326714141.vsd
�

�

�

Time


Frequency


�

�

RS�

�

�

�

w1


X�

D1


w2


X�

D2


X�

w1


X�

w1


w2


X�

w2


X�

D3


�

�

�

RS�

�

�

�

w1


X�

D4


w2


X�

D5


X�

w1


X�

w1


w2


X�

w2


X�

D6


Slot 0


Slot 1


[D1, D2,…, D6]:  ACK/NACK symbols


[w1, w2]: Orthogonal sequence



_1326712022.vsd
RM
Coding


Spreading with n_1


2xPUCCH
Channel


De-spreading with n_1


RM
De-Coding


RM
Coding


Spreading with n_2


De-spreading with n_2


20
 bits


20
 bits


RM
De-Coding


M/2 bits


M/2 bits


20
 bits


20
 bits


Source payload=M bits


M/2 bits


M/2 bits


M
 bits



_1326712317.vsd
Conv Coding
And Rate Matching


2xPUCCH
Channel


Spreading with n_1


Spreading with n_2


De-spreading with n_1


Source payload=M bits


40
 bits


40
 bits


20 bits


20 bits


De-spreading with n_2


De-Coding


M
 bits


20
 bits


20
 bits



