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Discussion and Decision
1 Introduction
It is clear from FDD side studies that the coverage and reliability of ACK/NACK transmitted in the uplink on the PUCCH are critical issues to ensure system performance. In TDD such issues are expanded since in some DL-heavy configurations it may be less options to transmit multiple ACK/NACK signals on the PUCCH at sufficient reliability [3]. For example, in the 8:1 configuration, up to 9 DL subframes could be acknowledged within a single UL subframe. Correspondingly, to provide this functionality, each PUCCH should be configured to carry up to 9 or 18 ACK/NACK (depends on the 1 or 2 streams) channels which is not feasible. In [2] it has agreed to support single ACK/NACK feedback method and multiple ACK/NACK is FFS. One of the associated problem for ACK/NACK bundling which was also pointed out in [3] [4] [5] is that missing DL grant will incur non-trivial performance loss and DTX->ACK problem should be minimized so that it meets the requirement of no higher than 1% probability. In this paper we propose some baseline assumptions for downlink scheduling to minimize the DTX to ACK probability while taking the FDD/TDD commonality into consideration wherever possible. We propose that this is discussed and agreed among 3GPP partners as a starting point to design the details of ACK/NACK bundling in LTE TDD. Note, the multiple ACK/NACK feedback method is not considered in this paper, and could be addressed separately if ACKNACK bundling does not guarantee enough DL performance as it is now still FFS. 
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On the Need for Downlink ACK/NACK bundling

In [2] it was agreed that Uplink hybrid-ARQ acknowledgements in TDD can be transmitted in two ways:

· Single ACK/NAK feedback 

· ACK/NAKs from one or several DL subframes are combined (“bundled” by performing AND of all A/N) to a single ACK/NAK report

· The PUCCH formats already defined for LTE are reused (PUCCH Format 0 and 1)

· This scheme is supported by LTE TDD

· Multiple ACK/NAK feedback

· Individual ACK/NAKs from each of the DL subframes assigned are transmitted

· The PUCCH format need to support multiple bits and can be based on e.g DFT-S-OFDM, modified CAZAC sequence with joint coding

· The inclusion of this scheme (and the details) are FFS

· UE specific or cell specific FSS
The most simple solution to handle the ACK/NACK TDD problem is to reduce the scheduling flexiblilty to ensure that a UE only needs to acknowledge a single DL subframe (either dual or single stream transmission) for every available UL subframe.  Hence, the same framework as used for LTE FDD can be used directly. In the below table, we show how much the maximum user data rate is reduced by such an approach for the different UL/DL configurations.

Table 1. Illustration of impact on maximum user data rate of inheriting ACK/NACK framework from FDD. ST is the special time-slot, and for simplicity reason in the estimation it is assumed that same user data rate is available for this subframe as for the oridinary DL subframe.

	UL/DL configuration
	Reduction of maximum user data rate with single-ACK/NACK per UL subframe assumption

	2 DL, 1 ST, 2 UL
	33%

	3 DL, 1 ST, 1 UL
	75%

	2 DL, 1 ST. 2 UL, 1 DL, 1 ST, 3 UL
	0%

	6 DL, 1 ST, 3 UL
	57%

	7 DL, 1 ST, 2 UL
	75%

	8 DL, 1 ST, 1 UL
	89%


Looking at the reductions shown in Table 1, it is clear that LTE TDD may be significantly impaired if no special solution is found when DL>UL. The issue is not isolated to a few DL/UL configurations but is quite general since it is believed that DL traffic exceeds UL traffic in most configurations. The problems are increased in scenarios with few users in the cell when scheduling freedom is reduced and for latency critical services where we have limited freedom to postpone DL traffic to next available UL subframe. Finally, when exploiting radio aware scheduling users are multiplexed  optimally in both time and frequency domain and the system performance losses could be significant (e.g. 20-30%). Hence, it is believed that solving the problems by use of reduced scheduling flexilbility will prevent LTE TDD from being a competitive TDD system, althought it is an indeed simple solution which does not need to be specified and shall not be precluded for use.
It is believed that bundling of ACK/NACK signals in the uplink is the only feasible solution that properly bridges the tradeoff among performance and commonality with FDD. Hence, a minimum number of changes to the specifications is needed. Below, we propose certain limitations to the concept possibilities to ensure reliability, performance, and maximum commonality with FDD.

3
Solving the PDCCH reliability problem

One known problem of ACK/NACK bundling is that both eNB and UE needs to know how many subframes in downlink are included in the current bundle (e.g. to be acknowledged together). With a target and practical error rate on the PDCCH of around 1-5% this problem becomes significant as the ACK/NACK bundle window increases.  For bundle windows of 3-4 subframes it is believed that such reliability starts to dominate the performance in a negative way. To reduce this impact, we propose some ways of handling the signalling:
· It should be “signalled” (explicitly or implicitly) to the UE how many downlink TTIs are allocated for joint ACK/NACK per DL bundling window, which refers to the max number of DL subframes associated with single UL frame [6] to avoid DTX->ACK problem. There may be several TTI allocations options are allowed within downlink TTI bundle window) the exact number of options are to be further discussed taking into account (1) the length of DL bundling window length; (2) tradeoff among the different factors, e.g. PDCCH error rate, scheduler flexibility, granularity and performance with retransmission; (3) PDCCH error rates will not impair the overall performance. Both higher layer and lower layer signalling can be considered although it is attractive to consider the tradeoff among performance (incl. signalling overhead) and commonality with FDD.
Hence, the standardized solution should ensure that the PDCCH reliability does not impair the overall performance.

4
Commonality with LTE FDD

In order to have a solution accepted in 3GPP within the target time-frame, it is important to ensure that changes to specifications are limited to only the most essential ones. Looking at the time spent on earlier specification tasks for LTE FDD, we propose that the following limitations for the “downlink TTI bundling with joint ACK/NACK” are decided:
· We will re-use the scheduling methodology of FDD in the sense that all DL subframes contains an individual and its own DL grant. Hence, no “multi-TTI” DL grant is allowed. 
· We will re-use the current  FDD PUCCH/PUSCH ACK/NACK frame-work. Hence, we will not re-design the ACK/NACK multiplexing methods for TDD compared to FDD. This means that a UE may send 1 or 2 bits per UL subframe as decided for FDD (single and dual stream MIMO operation). We may relieve restriction that 2-bit ACK/NACK can only be used for dual stream transmission if it is proven that downlink bundling may benefit significantly for such solution (e.g. from reduced PDCCH reliability problem or increased scheduling flexibility) without ACK/NACK reliability being violated.
· Any signalling needed to support TTI bundling should be reduced to minimum and tradeoff among higher and lower layer signalling established. Signalling should solve PDCCH reliability issue and also take UL link budget into account to ensure sufficient ACK/NACK reliability.
5
Conclusions
In the above we have discussed the need for ACK/NACK bundling (e.g. joint ACK/NACK for multiple DL subframes) as well as some necessary proposed design limitations in order to support fast and efficient standardization in 3GPP. We propose the following:

· Joint ACK/NACK of multiple DL subframes is needed in order to ensure global competitiveness of LTE TDD as TDD system.

· PDCCH reliability is a key concern in specifying ACK/NACK bundling and the specified solution needs to consider this. Some ways have been proposed including lower and higher layer methods to signal (explicitly or implicitly) to the UE how many downlink TTIs are allocated for joint ACK/NACK per DL bundling window.
· The scheduling frame-work with 1 DL grant per DL subframe (e.g. no multi-TTI) should be accepted. 
· No changes to the PUCCH design (e.g. the multiplexing/transmission options for ACK/NACK) should be highly prioritized.

In related lower or higher layer signalling, FDD commonality should be of high priority.
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