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1. Introduction

In RAN #51, it has been agreed to adopt 1ms frame structure for TDD [1]. With the new frame structure, the TTI length is the same as FDD and there is no longer a TDD specific coverage reduction problem for single ACK/NACK transmission in PUCCH compared with FDD. However, due to DL/UL asymmetry in TDD, there is the possibility for one UE to send ACK/NACK for multiple DL subframes in a single UL subframe. Such multi-ACK transmission may still encounter the coverage problem even with the 1ms frame structure, and is a TDD specific issue. This issue is studied in this contribution and transmission scheme and solutions for the coverage problem are proposed.
2. Multi-ACK transmission in PUCCH and coverage
In TDD system with more DL subframes than UL subframes, there is the possibility to schedule multiple DLs for one UE and the UE has to feedback multiple ACK/NACKs in a single UL subframe. One example is illustrated in Figure 1..
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Figure 1. Example for multi-ACK transmission for a 3DL+1UL transmission..
In the above example, there are 3 DL slots, 1 UL slot and 1 special slot in 5ms period. Depending on whether the DwPTS can be seen as a separate DL or an extension of the previous DL slot, UE has the possibility to send up to 4 or 3 ACK/NACKs in one UL. In such a case, implicit DL grant to ACK resource mapping is still a problem FFS. Assume that each DL grant is mapped to a corresponding ACK code (ZC sequence + block spreading code), then if we use separate coding for these ACK/NACKs and transmit each ACK/NACK with the corresponding ACK code, the DTX-to-ACK problem caused by DL grant reception failure can be avoided. However such multi-code transmission has the inherent PAR problem. The PAR problem for 2-code transmission can be eliminated by precoding, but solutions for more than transmission of 2 codes is still unavailable. One option to send ACK/NACK for N>=3 DL grants in PUCCH is to use the CQI transmission structure, i.e, the multiple ACK/NACK bits are jointly coded and spread with a ZC sequence. The problem of this option is that (1) it creates another format for ACK/NACK transmission thus additional complexity incurred into implementation and testing etc.; (2) the coverage performance may remain to be a concern; (3) the DL grant reception error may not be resolved without excessive signaling overhead. Thus this option may be not the optimal one.
The performance of the multi-ACK transmission for 2 DL TTIs is evaluated via simulation. Figure 2 shows the results assuming 5MHz system bandwidth and a TU channel with UE speed 3km/h. The assumed UE configuration is SIMO.
[image: image2.emf]-16 -14 -12 -10 -8 -6 -4 -2 0 2

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

SNR(dB)

BER

4 bits ACK (2 cover codes+QPSK)

2 bits ACK (2 cover code+BPSK)


Figure 2. BER of multi-ACK transmission for 2 TTIs.

For 2 DL TTI transmission with SIMO, 2 ACK/NACK bits are feedback with 2 ACK codes using BPSK modulation, and results show that the required SNR to get 10-3 BER is about -5.8dB. For 2 DL TTI transmission with MIMO, 4 ACK/NACK bits are feedback with 2 ACK codes using QPSK modulation and the required SNR to get 10-3 BER target is -3dB. Then the coverage is still a problem in this case. 

For multi-ACK transmission for more DLs, assuming the CQI structure, then the performance will be the same as CQI transmission. As shown in [2], to get a 10-3 BER, the required SNR is about -1dB for 5-bits CQI transmission. Such requirement can hardly be met by cell-edge UE.
3. Solution for coverage problem in multi-ACK transmission

To relieve or even mitigate the coverage problem of multi-AN transmission in PUCCH, we may consider the following strategies (they are not exclusive to each other):
a. Putting a limitation on the scheduler, e.g. schedule less TTI/streams per scheduling window.
b. To decouple the allocated DL resources from the required UL return channel capability, e.g. use ACKNACK bundling (AND operation over all ACKNACK) per scheduling window thus only/always 1 bit (or 2bits in case of MIMO) ACKNACK sent in UL 
Note, both option a and b can be considered and only considered for DL heavy (thus UL return channel burdened) scenarios, including probably also 2 ACK/NACK bits case discussed in section 2. Alternatively or namely option c, we may consider to jointly use option a and b to reduce the UL ACK/NACK coverage problem. 
For option a, the advantages is that it requires least efforts from standards perspective, since the packet scheduler at eNB always has such freedom to allocate appropriate resources for certain users taking all relevant aspects into consideration including the UL return channel capability. One example is that scheduler reduce or completely stop frequency dependent scheduling, instead it allocates the resources to certain user as much as possible to one or few DL subframe rather than spanning them over too many DL subframes to avoid excessive UL ACKNACK load. The drawback of option a, on the other hand, is that it diminishes the motivation of selecting DL oriented DL/UL allocation pattern because scheduler can not allocate all DL resources to one user provided the imbalanced DL resources and UL return channel capability.

For option b, the advantage is that it decouples the allocated DL resources from the required UL return channel capability, so that always small fixed (e.g. 1 bit) amount of ACKNACK is generated regardless of how many DL TTI are allocated per scheduling window. This gives the scheduler of eNB enough freedom to schedule as much as required DL resources to satisfy users traffic profile without limitation by UL return channel capability. We abusively name such an option as ACKNACK-bundling, which is to use ‘AND’ operation for the ACKNACK bits generated during certain DL receiving window to generate only one ACKNACK bit.

How many ACKNACK bits to be bundled/AND-ed? One proposal is that the maximum bundled ACKNACK is equal to the scheduling window size of one particular DL/UL pattern, e.g. in 8DL/2U case, the max bundle AN is 4. Whether to allow bundling window size smaller than maximum is FFS? And, how the DL grant to be transmitted in such case need further considerations.
Another issue worth to note is that the DTX-to-ACK problem due to miss detection of DL grant needs to be taken into considerations.

4. Conclusion

In this contribution we discussed the transmission scheme for multi-ACK in PUCCH with the new frame structure for TDD. Results show that there is coverage problem for multi-ACK transmission even with the new frame structure. We consider taking the strategy of either limiting the scheduler flexibility or applying ACKNACK bundling for DL heavy cases or both jointly as discussed in section 3. There are more details need further consideration for ACKNACK bundling approach.
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