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1. Introduction

It was recognized in the study item phase that multiple ACK/NACK may be required in a UL TTI for TDD [1]. This is due to the asymmetric DL and UL transmission in TDD, see Figure 1. To date, there has not been much discussion on this issue in RAN1. In this paper we provide our views and we also note that FDD may also have the same issue in certain situations. 

We only consider the generic frame structure in this paper.
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Figure 1.  TDD ACK/NACK signaling without UL-SCH

2. Multiple ACK/NACK for FDD
Being symmetric between DL and UL transmission in FDD, it was generally recognized that a one to one mapping between the TTI of DL-SCH and that of UL ACK/ACK can be easily established, see Figure 2. Therefore, so far, most proposals have only considered the sending of 1 or 2 (for dual codeword MIMO transmission) ACK/NACK bits per UL TTI for FDD. However, the presence of control channels may destroy the symmetry in FDD, which results in a need for more than 2 ACK/NACK bits in some situations. 
One such example is illustrated in Figure 3. As RACH occupies most of the bandwidth in 1.25MHz FDD, it is not possible to transmit any ACK/NACK at all and thus multiple ACK/NACK may be required for the TTI afterwards. For the worst case situation (e.g. when RACH occupies 3 TTI) and acknowledgment feedback is required without incurring any further delay, up to 8 bits would be required (acknowledgement of 4 DL-SCH TTIs with dual codeword MIMO transmission on DL). 
From the commonality perspective, it is clearly desirable to maintain a common scheme between TDD and FDD in terms of the control channel structure and for the transmission of multiple ACK/NACK. 
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Figure 2.  FDD ACK/NACK signaling without UL-SCH
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Figure 3. Example of multiple ACK / NACK per UL TTI in a 1.25MHz LTE FDD 

3. Handling missed detection of DL allocation 
The eNB has direct knowledge of how many HARQ processes are scheduled to a specific UE, but may not have direct knowledge of how many acknowledgement bits the UE is sending back, due to fact that the UE may miss some of the DL allocations on PDCCH. To handle such a situation, we think it should be possible for the eNB to derive (either implicitly or explicitly) which DL-SCH process is mapped to which ACK/NACK bit. 
For example, if there are 4 DL-SCH scheduled to a UE and the 3-rd DL allocation is missed, then the eNB should be able to derive which one is missed.  If this is not the case then the consequence could be that received acknowledgement indicators are wrongly associated with HARQ processes and/or the ACK/NACK detection performance is compromised for one or more HARQ processes.
4. Maximum number ACK/NACK bits per UE per UL TTI
In TDD the maximum number of ACK/NACK bits required per UL TTI is dependent upon the maximum asymmetry supported by the specifications. For example, this could be up to 18 bits per UL TTI in the case of a framing allocation with 9 DL TTIs and 1 UL TTI. However, for more restricted framing configurations (e.g. a maximum 4/1 DL/UL split) this number could be reduced to values approaching the FDD worst case of 8 bits, which may facilitate a higher degree of commonality in the design. Note that the 4/1 ratio can be implemented by either 1 or 2 switching points, as illustrated figure 4. For the case with 1 switching point, 4 DL TTIs could be mapped to  the first UL TTI whereas the remaining 4 DL TTIs could be mapped to the second UL TTI , respectively. In such a way, the maximum number of ACK/NACK bits is maintained the same for both configurations and is constrained to a reasonable value. For asymmetries of interest, we believe that a reasonable maximum number here would be 4x2=8 ACK/NACK bits.
It should also be noted that the restriction of asymmetry is only from the UE’s point of view, and not necessarily from the system perspective.  That is to say that a 9/1 DL/UL split could still be allowed as long as there is a scheduling restriction for the UE such that there is never a requirement for a specific terminal to transmit more than 8 ACK/NACKs per UL TTI.  
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Figure 4. 4:1 splits with 1 and 2 switching points
5. PUCCH modulation/multiplexing
The current status of ACK/NACK signaling without UL-SCH on PUCCH for FDD is that one or two bits may be sent using coherent detection of BPSK/QPSK respectively, and multiplexing of users is performed in the code domain (different shift of CAZAC sequences in a LB). The assumption seems to be that around 6 of the available 11 code shifts may be utilised. 3 reference symbols are used to create orthogonality between 18 users.
In the case with shorter time-domain spreading and a fewer number of reference symbols, this modulation scheme can be extended to transmit more bits per UE, at the price of reducing the number of UEs being multiplexed in a RB. As CQI and CQI+ACK/NACK signalling require more bits than pure ACK/NACK signalling, such an approach has been proposed e.g. in [2] for these channels. This approach has the advantage that the different PUCCH channels can be multiplexed into a single RB. A similar requirement to transmit more bits per user (at the expense of fewer multiplexed users per RB) arises due to multiple ACK/NACK transmission for TDD (and perhaps for FDD) as discussed above.  Therefore we see much synergy between the ACK/NACK+CQI case for FDD and the multiple ACK/NACK (possibly also plus CQI) case for TDD.

We therefore suggest that RAN1 carefully considers the multiple ACK/NACK signalling case for both FDD and TDD as an integral part of the ongoing discussions on CQI transmission and corresponding PUCCH design.  Ideally the eventual scheme would be flexible enough to efficiently support either a large number of simultaneous users with a small number of ACK/NACK each, or a smaller number of users with a larger number of ACK/NACK. 
6. Conclusions
The issue of multiple ACK/NACK signaling has received little attention thus-far in RAN1 and is considered to be of application to TDD and in some circumstances also to FDD.  Some issues have been raised in this paper and it is hoped that this will help to start the discussions.

However, it is possible to draw some early conclusions and in summary we propose:
· That RAN1 considers the use of a common scalable PUCCH multiplexing structure for both TDD and FDD that is able to accommodate differing numbers of users and differing number of bits per user arising due to variable numbers of ACK/NACK indicators and CQI.
· That missed detection of DL allocation is considered in the design (e.g. should it  be possible for the eNB to derive either implicitly or explicitly which DL-SCH process is mapped to which ACK/NACK bit)
· A limitation on the maximum number of ACK/NACK carried by PUCCH in one UL TTI from a single UE such that coverage is not adversely impacted and to restrict the number of control signaling formats.  We suggest that a maximum of 8 ACK/NACK indications should be sufficient to cover the asymmetries of interest for TDD and would also cover the worst-case for FDD.
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b) 4:1 split with 1 switching point









































a) 4:1 split with 2 switching points
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