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1
Introduction
At the previous RAN1 meeting it was decided that for LTE-A carrier aggregation (CA) for both FDD and TDD, Rel-10 UEs that support up to 4 A/N bits will utilize PUCCH Format 1b with channel selection and Rel-10 UEs that support more than 4 A/N bits will utilize DFT-S-OFDM for HARQ feedback.
In this document, we address the further details related to the HARQ feedback on UL, specific for TDD operation.
2 
Discussion
Seven UL-DL TDD configurations are supported in Rel-8/9, as shown in Table 1. For some configurations an UL subframe has to convey HARQ feedback for multiple DL subframes. 
Table 1: Rel-8/9 UL-DL configurations


[image: image1.emf]Uplink - downlink    configuration  Downlink - to - Uplink    Switch - point periodicity  Subframe number  

0  1  2  3  4  5  6  7  8  9  

0  5 ms  D  S  U  U  U  D  S  U  U  U  

1  5 ms  D  S  U  U  D  D  S  U  U  D  

2  5 ms  D  S  U  D  D  D  S  U  D  D  

3  10 ms  D  S  U  U  U  D  D  D  D  D  

4  10 ms  D  S  U  U  D  D  D  D  D  D  

5  10 ms  D  S  U  D  D  D  D  D  D  D  

6  5 ms  D  S  U  U  U  D  S  U  U  D  

 

 
In CA, the HARQ feedback for all CCs is transmitted on a single UL CC that carries PUCCH. In the case of TDD CA, where multiple TDD component carriers (CCs) may be aggregated, depending on the UL-DL subframe configuration, the HARQ feedback that needs to be conveyed on a single CC in a single UL subframe may contain the feedback for multiple subframes and multiple CCs. 

For FDD CA when 2 CCs are aggregated, the maximum number of A/N bits is 4. This implies that a UE supporting up to two CCs would utilize PUCCH Format 1b with possible use of channel selection. Hence, such UEs that are capable of aggregating up to two CCs do not need to support DFT-S-OFDM for HARQ feedback. For TDD, however, up to 4 bits needed for the support of 2 CCs in MIMO Tx mode in FDD would be multiplied by up to 4 depending on the UL-DL TDD configuration (for configuration 5 bundling is assumed). The implication in terms of UL overhead is that the number of A/N bits could go up from 4 bits in FDD to 16 bits in TDD. 
We believe it is beneficial for TDD and FDD to preserve implementation commonality, at least for the case of 2 CCs that would likely be the initial Rel-10 implementation. This implies that as in FDD CA, a UE capable of aggregating up to 2 CCs in TDD CA utilizes PUCCH Format 1b for HARQ feedback, without supporting the new DFT-S-OFDM format. Having in mind that channel selection is used in conjunction with PUCCH Format 1b for up to 4 A/N bits, in order to avoid having TDD-specific PUCCH format (DFT-S-OFDM) in support of CA operation with 2 CCs, A/N bundling may need to be performed across subframes on each CC (depending on the UL-DL subframe configuration) and Tx mode. One possible approach is the following:
· 2 CCs SIMO – no bundling necessary for up to 2 subframes
· 2 CCs MIMO – bundling necessary

· 1 CC SIMO, 1 CC MIMO – no bundling necessary for up to 2 subframes on SIMO CC, bundling necessary for MIMO CC.
Note that different aspects of bundling, i.e. subframe and/or spatial bundling may be considered.

While we advocate for bundling in the case of 2CCs, it is clear that some form of bundling for TDD would also have to be utilized for aggregation of larger number of CCs. The reason is that the number of bits needed for A/N feedback would exceed the capacity of DFT-S-OFDM format in many cases (e.g. for 5 MIMO CCs with feedback for 4 DL subframes requires 40 bits, with no DTX state assumed). 
We think that unless a significant performance benefit can be proven we should not have TDD-specific PUCCH formats, e.g. DFT-S OFDM, in support of CA operation with 2 CCs. In order to evaluate the potential loss due to the bundling in some TDD scenarios, we provide link level and system level simulation results in the next section.  
3 
Simulation Results

3.1
Link level
First, in Figure 1, we compare the link performance of PUCCH format 1b with channel selection for feeding back 4 A/N bits and DFT-S-OFDM for feeding back 8 or 10 A/N bits. It is clear from Figure 1 that DFT-S-OFDM with 10 bits requires about 4.0dB more SNR to satisfy the A/N decoding performance, i.e., Pr(ACK(NACK,DTX)≤0.01, Pr(NACK(ACK)≤0.001, than PUCCH format 1b with 4 bits. The simulation assumptions for Figure 1 can be found in [1].
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PUCCH format 1, 4bits, ACK->NACK, DTX

PUCCH format 1, 4bits, NACK->ACK

DFT-Spread, 10bits, ACK->NACK, DTX

DFT-Spread, 10bits, NACK->ACK

DFT-Spread, 8bits, ACK->NACK, DTX

DFT-Spread, 8bits, NACK->ACK


Figure 1 Impact of Higher A/N Overhead
3.2
System level

To evaluate the impact from system perpective, we consider two TDD configurations: config #1 and config #4. Config #1 has a mixture of subframe bundling window size of 1 and 2, while config #4 has a fixed subframe bundling window size of 4. System performance is compared with and without subframe bundling. The simulation assumptions are aligned with those in [2], with Macro only cells and a TU3 channel model using the full-buffer traffic model. The following table summarizes the results, where the UE throughput is normalized relative to the 1:1 (DL/UL) mapping as in FDD. For TDD configurations #1 and #4, subframe bundling is always performed. Two H-ARQ termination targets are assumed, namely, 10% or 20% BLER after the initial transmission. Figure 2 illustrates the CDF of the UE throughput for the case of 10% BLER H-ARQ termination target. 
	
	H-ARQ Termination Target (BLER after 1st tx)
	Normalized UE Throughput (kbps)

	
	
	5-%
	50-%
	Mean

	FDD
	10%
	404
	837
	952

	TDD Config #1
	
	406
	834
	946

	TDD Config #4
	
	402
	826
	938

	FDD
	20%
	407
	837
	948

	TDD Config #1
	
	405
	828
	942

	TDD Config #4
	
	398
	824
	936
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Figure 2 CDF of UE throughput (kbps), 10% BLER after the initial H-ARQ transmission
As can be seen, the impact of subframe bundling in the full-buffer scenario is negligible. This is due to the fact that the channel feedback for the subframes in the bundling window is strongly correlated, resulting in largely the same scheduling decisions in the bundling window for the UE. The decoding SINR within the bundling window is strongly correlated as well, due to stable channel conditions and interference conditions within the bundling window. It is expected that when channel and/or interference variations become larger, the impact of bundling may become more noticeable.

3.3
Discussion

Based on the link and system level analysis presented in this section there is no compelling reason to increase the number of ACK/NACK bits for CA support in TDD. On one hand, the link performance for an increased payload is worse and on the other, there does not seem to be a system level throughput gain incentive to convey more ACK/NACK bits. 

Resorting to TDD bundling converts the multi-bit ACK feedback of CA for TDD to be the same as for CA for FDD irrespective of  the TDD UL/DL configuration. This has the great advantage of specification and implementation commonality of the two LTE frame structures.  
4
Summary 
In this document, we addressed the further details related to the HARQ feedback on UL, specific for TDD operation.
Based on the discussion, we propose the following:

· CA TDD resorts to subframe bundling to convey as many ACK/NACK bits as necessary for CA FDD operation irrespective of the TDD UL/DL configuration.  
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