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1 Introduction
In RAN1#60bis, methods for ACK/NACK multiplexing and the maximum number of ACK/NACK bits supported were compared and discussed. The following was agreed at least for FDD:
· Maximum 10 A/N bits shall be supported

· FFS: 12 bits if DTX is explicitly indicated

· Optimisation shall be for M to N bits where M<N<10

It is clear that this agreement is mainly for FDD and a different maximum number of bits can be supported for TDD. However, maintaining commonality between FDD and TDD is also an important design rule. 
In this document, we provide our views on the maximum number of ACK/NACK bits for LTE-A TDD, as well as the ways to do ACK/NACK bundling in TDD. Simulation results comparing time domain bundling and CC domain bundling are also provided.

2 Discussion 
In a TDD system, due to asymmetric UL/DL configurations, the ACK/NACKs for multiple DL subframes may need to be transmitted in one UL subframe. Denote M as the number of DL subframes linked to the same UL subframe, M could be 1,2,3,4 and 9 in the Rel-8 UL/DL TDD configurations. The case of M=9 only exists in UL/DL configuration 5 and it is not a typical case, while M=1 is actually the same as FDD and the FDD design can directly apply. Therefore we mainly focus on the 3 other M values of 2, 3 and 4. M=2 exists in the most important UL/DL configuration 1 and should be optimized. Further, multiple M values may exist in one UL/DL configuration. For example, M can be 1 or 2 in UL/DL configuration 1, and M can be 2 or 3 in UL/DL configuration 3. Above all, it is favourable to have a similar design for different M values to avoid different processing for the same UL/DL configurations. 
On the other hand, for carrier aggregation (CA), up to 5 component carriers (CC) could be supported in LTE-A. However, since typically most UEs operating in CA mode will only receive PDSCHs in a small number of CCs, it is reasonable to optimize for 2 or 3 CCs. 
The maximum number of ACK/NACKs bits in CA for TDD increases linearly with M and the number of CCs. The most typical case is M=2 and 2 or 3 CCs. Correspondingly, the maximum number of ACK/NACKs is 8 and 12, which are similar as the maximum number of ACK/NACK bits for FDD. However, the extreme case with 5 CCs, M=4, and MIMO transmission requires up to 40 ACK/NACK bits or even 47 bits if DTX is explicitly signalled. Due to PUCCH performance limitations and PUSCH overhead (in case ACK/NACK is multiplexed in the PUSCH) it is not desirable to report all individual ACK/NACK bits for such extreme cases and the maximum number of ACK/NACK bits should be limited. To simplify the design and also maintain commonality between FDD and TDD, keeping the similar maximum overhead, e.g. 12 bits for LTE-A TDD, is preferred. 
2.1  Bundling method in TDD

In Rel-8 TDD, two types of bundling are defined to reduce ACK/NACK overhead; spatial bundling and time domain bundling. With CA, CC domain bundling can further compress the ACK/NACKs from multiple CCs. However, since the correlation for the outcome of PDSCH receptions in different CCs can be low, CC domain ACK/NACK bundling may result in large throughput loss comparing with spatial bundling or time domain bundling. So it is preferred to prioritize the use of spatial bundling or time domain bundling for ACK/NACK bit overhead reduction. 
Spatial bundling is a simple and clean way without error case. However, as discussed in [1], a direct way for time domain bundling, i.e. bundling ACK/NACKs for PDSCH transmissions in a CC to 1 or 2 bundled bits as in Rel-8, could result in confusion at the eNB in case the UE misses the PDCCH in the sub-frame of the last PDSCH reception. To avoid this error case, for each CC, the UE needs to report both the bundled ACK/NACK bit and the total number of received PDSCHs. 
The above time domain bundling tends to report a NACK or DTX. In detail, a NACK is generated whenever one PDSCH transmission is NACK and a DTX is generated if at least one PDCCH is missed. Only when all PDSCHs are correctly received, an ACK can be reported. As is shown in the 3 examples of Figure 1, only NACK or DTX could be reported which means eNB have to retransmit all PDSCHs. 
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Figure 1: Time domain bundling in a Rel-8 way
To improve the DL throughput, we may consider feedback of more information about the correctly received PDSCH in order to reduce unnecessary retransmission. From Figure 1, we observe that feedback information for the beginning subframe(s) could be ACK in some cases, and the retransmission for the beginning subframes could be avoided if ACK for them are reported. Hence we may feed back a bundled ACK/NACK bit for the beginning PDSCH transmissions and the number of the PDSCH transmissions being bundled. This method is also immune to the DAI failure. In general, the method is to feed back the ACK/NACK information for the beginning PDSCH transmissions while not report the ACK/NACK information for other PDSCH transmissions. As is shown in Figure 2, the eNB could know some beginning PDSCH transmission(s) are successful, hence avoiding useless retransmission for them. Note that in the same cases as in Figure 1, the eNB has to retransmit all PDSCHs since only NACK or DTX information is reported. 
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Figure 2: feedback for beginning PDSCH transmission
Then, to transmit the ACK/NACK information for CA, the UE may generate bundled feedback for each CC, i.e. the bundled ACK/NACK of beginning subframes and the number of PDSCH transmissions being bundled, and then report bundled feedback for the multiple CCs. As to exact multiplexing method, ACK/NACK channel selection based methods or joint coding based methods are all possible. 
E.g. for M=4 and no SU-MIMO, a UE reports 1 bundled ACK/NACK bit for the beginning PDSCH transmissions and a 2-bit field carrying the number of PDSCH transmissions being bundled for each CC. Therefore, there are 9 feedback states generated for each CC including DTX. Specifically, the 9 feedback states are 4 ACKs, 3 ACKs, 2 ACKs, 1 ACK, 4 NACKs, 3 NACKs, 2 NACKs, 1 NACK and DTX. Actually, the 5 states (4 NACKs, 3 NACKs, 2 NACKs, 1 NACKs, DTX) could be combined into single state, i.e. NACK/DTX, since the eNB anyway has to retransmit all PDSCHs for a CC if anyone of the 5 states is received. That is the number of feedback states for a CC is reduced to 5 and correspondingly the number of ACK/NACK bits for 5 configured CCs is 
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, which is inline with the current maximum number of ACK/NACK bits being discussed in FDD. 
If SU-MIMO is used, spatial bundling can be applied first to get 1 ACK/NACK per subframe and then reuse the above mapping rule, so that the same bit overhead is kept comparing with no SU-MIMO case, i.e. 12 bits. Otherwise, to report more accurate feedback information, the above mapping rule can be used per codeword. E.g. if the UE is configured to receive 2 CCs with MIMO transmission, i.e. the number of CWs is 4, it requires 
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 bits.  
2.2 Switching the ACK/NACK transmission methods

Based on the above analysis, the scenario for M=2 and 2 or 3 CCs requires a maximum number of 12 ACK/NACKs bits and each ACK/NACK may be fed back individually or bundling may apply but aiming at accurate feedback. For other less typical CA scenarios, ACK/NACK compression can be used to control the overhead. 
For example, using the total number of CWs in all configured CCs as a metric:

· If the total number of CWs is less than or equal to 4, only do time domain bundling, i.e. get bundled ACK/NACK per CW. By compressing the ACK/NACK bits for a CW to 5 states, the maximum number of bits is 
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· If the total number of CWs is more than 4, both spatial bundling and time domain bundling can be used. Compressing the ACK/NACKs for all PDSCH subframes in a CC to 5 states, the maximum number of bits is 
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The above allows for a common design for the ACK/NACK transmission for FDD and TDD. 
3 Simulation results

In this section, 2 bundling schemes, i.e. time domain bundling and CC domain bundling, are compared by link level simulation. It assumes 4 CCs are configured to the UE, and TDD UL/DL configuration 2 (i.e. 4DL:1UL) is adopted for each CC. no spatial bundling is used here. The detailed simulation assumptions are provided in Annex. 

For both 2 bundling schemes, 8 bundled ACK/NACK bits are generated for fair comparison. In detail, in the CC domain bundling method, 2 ACK/NACK bits are generated for each subframe by logical AND operation per CW; while in the time domain bundling method, 2 ACK/NACK bits are generated for each CC by logical AND operation per CW. At this initial stage, we only simulate the time domain bundling as in Rel-8 for easy comparison. One thing to note is the proposed time domain bundling method in section 2 may provide larger throughput since more information about correctly received PDSCH transmission are reported so that the useless retransmissions are reduced. 
The simulation result is provided in Figure 1. And the results show that time domain bundling always outperforms CC domain bundling and the gain could be 1 to several dBs. This results is inline with the common understanding of this issue, i.e. CC domain bundling will degrade the performance due to low correlation between different CCs. 
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Figure 1: Comparison of 2 bundling schemes
4 Conclusion 
This contribution discusses how to define the ACK/NACK feedback states for each CC and the maximum number of ACK/NACK bits in TDD. For each CC, it is suggested to feed back the ACK/NACK information for some of the beginning PDSCH transmissions while not report detailed ACK/NACK information for the remaining PDSCH transmissions. For the maximum number of ACK/NACK bits, it is suggested to optimize the downlink performance in typical CA scenario in TDD and feedback ACK/NACKs as accurately as possible. For other CA scenarios, ACK/NACK bundling can be used to reduce the overhead. A possible functionality is described in section 2.2. 
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Annex 
Simulation Assumptions

	TDD configuration 
	UL/DL Configuration 2 (i.e. 4DL:1UL)

	CC configuration 
	4*10MHz

	CC correlation
	Independent CCs

	Channel Model
	EPA, Doppler shift: 5 Hz, zero antenna correlation

	Initial BLER target
	10%

	PDCCH Symbols
	2

	Transmission scheme 
	2x2 MIMO, Rank-2, Two Codewords

	A/N spatial bundling 
	OFF

	A/N feedback error model
	Ideal feedback

	Channel Estimation
	MMSE
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