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1. Introduction
A number of recent RAN1 proposals consider a support for ACKNAK repetition in the EUTRA uplink. The ACKNAK repetition is a repetition of acknowledgement or not – acknowledgement to the downlink sub-frame PDSCH data packet. The main purpose for ACKNAK repetition is an increase in ACKNAK coverage. Since a single ACKNAK transmission comprises only one sub-frame [1], an ACKNAK repetition would consist from at least two sub-frames, and possibly more. 
The ACKNAK repetition raises the following issue: what procedure should be followed if a UE is scheduled in two consecutive PDSCH downlink sub-frames? One solution is to preclude it altogether by imposing a scheduler restriction, i.e. to preclude a case where a UE is scheduled in two consecutive PDSCH sub–frames. However, this is not desirable, since it reduces throughput of a cell–edge UE down to 50% of the original, even for 1 repetition of ACKNAK. For two repetitions, the DL throughput is reduced to 33% of the original which is detrimental.. We note that cell–edge UEs would be precisely those which are under the ACKNAK repetition, and consequently, any “fair” scheduler implementation is expected to keep those UEs constantly scheduled on at least some RBs (with a low MCS) to keep the system fairness to a reasonable level. Note that, in contrast, cell – interior UEs would be those which are scheduled “intermittently,” but with a higher MCS. Thus, imposing DL scheduler time–restrictions, especially for cell–edge UEs can have a detrimental consequence on the overall system performance.      
2. Support of ACKNAK Repetition
As argued above, imposing scheduler restriction may lead to detrimental consequences. Instead, an optional multiple–bit ACKNAK signaling can be introduced in the uplink, which is already being discussed in the context of TDD. For example, a repeated ACKNAK can be bundled and transmitted with a current ACKNAK. Such solution could be deployed even for FDD when ACKNAK is repeated and consecutive PDSCH sub-frames are scheduled to a UE.. Hence, the eNodeB can choose to implement either a scheduler restriction or a multiple-bit ACKNAK depending on the system scenario.      
As mentioned earlier, rather than reducing the DL throughput by 50%, we consider possible solutions to a scenario where: consecutive PDSCH sub-frames are assigned to a UE, and ACKNAK repetition is deployed. One solution is to bundle repeated ACKNAKs with the present ACKNAK. For instance, the PUCCH transmission Format 1 could be used in this case, with the difference that transmitted bit is actually a bundled ACKNAK. Benefits of this solution are twofold: first, PDSCH throughput is not reduced to ½, and second, the existing specification framework for ACKNAK bundling and PUCCH Format 0 can be reused. The drawback is that a bundled ACKNAK can still have a detrimental impact on PDSCH performance due to possible unnecessary re-transmissions. This opens up a consideration for a possibility where simultaneous transmission of multiple ACKNAKs is needed, and is discussed below. 
To support the multiple bit ACKNAK, using QPSK in place of BPSK would be counterproductive as the 3dB would be lost. Rather, a different solution is required. Such multiple-bit ACKNAK signaling can be achieved by a) allocating (implicitly, via multiple CCEs) multiple ACKNAK physical channels/resources to the UE, and b) using a combination of channel selection and BPSK modulation. For example, for two-bit ACKNAK signaling, one bit can be used to perform channel selection, while the other bit can be BPSK modulated (e.g. PUCCH format 1a). Note that similar type of signaling is already supported for joint ACKNAK and SR. 
2.1. Transmission Format for Multiple ACKNAK Bits

We propose to use PUCCH Format 1 in combination with channel selection. Note that PUCCH Format 1 can carry 1 or 2 bits, and when 2 bits are carried 3dB degradation is incurred (thus beating the purpose of ACKNAK repetition). For multiple ACKNAK, channel selection is deployed to encode some bits. An example is as follows, supposing we have to transmit [b0 b1], which are two ACKNAKs, where b0 is the previous ACKNAK, and b1 is the current one. 
· Node B signals PDCCH using two or more CCEs, for example, K = 2 CCEs.
· The UE can then derive n(1) PUCCH [k] physical channel index corresponding to CCE k

· UE uses PUCCH channel with index n(1) PUCCH [1 + b0] to transmit bit b1
A number of further possibilities can be considered for here, for definition of [b0 b1]. For example, every even ACKNAK bit can perform channel selection, while every odd ACKNAK bit can be BPSK modulated (or the other way – around). Figure 1 shows a link – budget improvement of 2dB, when ACKNAK repetition is supported in the uplink (with 2 ACKNAK bits transmitted in any given sub – frame). Left (Figure 1) shows the BER for the bit which performs channel selection, while the other bit is BPSK, and its BER is on the right.  
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Figure 1
Figure 2 shows a BER improvement with different encoding principle. In Figure 2, for the current transmission, the current ACKNAK bit is BPSK modulated, while the previous ACKNAK bit performs channel selection. Note the equivalent possibility: the previous ACKNAK bit is BPSK modulated, while the current ACKNAK bit performs channel selection. Overall, we also see from Figure 2 that 2dB link budget gain is achievable, even when multiple ACKNAK bits are supported in the uplink. 
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Figure 2

When ACKNAK repetition is configured, and there are two bits transmitted simultaneously (for each sub-frame), an example of a receiver implementation can focuses on two consecutive PUCCH sub-frames, to detect the single ACKNAK bit. Because of the additional presence of “previous” and “future” ACKNAK, there are a total of 8 hypotheses to be tested, four of which correspond to the bit of interest being ACK and other four corresponding to the bit of interest being NAK.     
The link budget gain of 2dB is achieved when one repetition is used, and two ACKNAK bits are transmitted at any given time (UE scheduled on 2 consecutive sub – frames). Conversely, if scheduler restriction is implemented the link budget gain will be up to 3dB with one repetition. Extension of this principle to 2 repetitions of ACKNAK can be achieved by similar principles. Then, 3 bits of ACKNAK need to be sent concurrently. 2 bits can perform channel selection (1 out of 4 channels) and third bit is BPSK. Or, 1 bit can perform channel selection (1 out of 2 channels), and 2 bits are QPSK. 
More than one ACKNAK repetition may not be needed since the link ACKNAK link-budget is already close to satisfactory. However, if more than one repetition is needed, channel selection and Format 1A can again be used as follows. Consider a transmission of [b0 b1 b2 … bK], where K+1 is the number of simultaneously transmitted ACKNAK bits (K – fold repetition is deployed). A total of 2^K CCEs can be allocated to the UE on the PDCCH. The UE is then able to derive n(1) PUCCH [k] physical channel index corresponding to the CCE k, for each k. Finally, the UE can transmit bit bk using the physical channel n(1) PUCCH [1 + b0 + 2b1 + … + b(K-1) 2^(K-1)]. Thus, K-fold repetition can be deployed if needed.    

3. Conclusion
The proposed solution allows to: a) implement a scheduler restriction, in which case DL throughput of a UE can drop down to 50% and 3dB link gain is achieved for ACKNAK, or b) keep a possibility of 2 bit ACKNAK, keep the DL throughput, and get 2dB of link gain when 2 bits of ACKNAK are sent concurrently.   
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