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1.1.1. Introduction
The current working assumption states that the UL ACK/NACK resource should be related to the L1/L2 control signaling used for DL data transmission scheduling. In this contribution we propose more detailed description on the mapping relations between UL ACK/NACK and CCE for DL data scheduling. We also propose solutions for persistent scheduled DL data transmission, which may not have L1/L2 control signaling signaled, and we discuss methods to align between FDD and TDD designs for UL ACK/NACK mapping relations.
2.1.1. Mapping relations between CCE for DL data scheduling and UL ACK/NACK
2.1. Mapping relations in Non-MIMO scenario
CCE implicit mapping is mapping relations between UL ACK/NACK resource indices to the control channel element (CCE) resource indices. Depending on the different level of MCS supported by the control channel, the DL data scheduling message may consist of multiple aggregation of CCE. In this case the UE shall use the UL ACK/NACK resource which is mapped to the first (or the lowest) CCE index, of which DL data scheduling message is transmitted.
In case of persistent scheduled DL data, recent decision from RAN2 states that the scheduling message for the initial transmission of persistent scheduled DL data is informed through means of L3 message. This means we can not map UL ACK/NACK for each initial transmission of persistent scheduled DL data to any CCE resource indices. To alleviate this problem we propose to reserve UL ACK/NACK resource for each initial transmission at the time of the transmission of DL persistent scheduled UE and send the reserved UL ACK/NACK index information via L3 message.  Whether the UL ACK/NACK resource assigned to the persistent scheduled DL data is one of the UL ACK/NACK resources which is mapped to one of the CCE resource indices, is an implementation issue. For example the system operator could assign additional UL ACK/NACK resources dedicated to persistent scheduled DL data, and give its index to persistent scheduled DL data. Another example would be, where the system operator assigns existing UL ACK/NACK resource index, which is already mapped to one of the CCE resource index, and then schedules DL data schedule should command so that CCE with that CCE resource index is would not be used for DL data scheduling (at least as the first/lowest CCE index). There is also a possibility of using a combination of the examples given, in a semi-static configurable way.
2.2. Mapping relations in SU-MIMO and MU-MIMO scenario
The current working assumption for DL MU-MIMO transmission implies separate L1/L2 control signaling message will be transmitted per spatially multiplexed UE while only 1 codeword can be transmitted to each UE. Based on the working assumption, mapping relations between CCE indices and UL ACK/NACK resource indices required for DL MU-MIMO transmissions are no different from non-MIMO scenarios.
As for the DL SU-MIMO transmissions, it was previously decided that UL ACK/NACK shall be transmitted using QPSK modulation to convey 2 bits of ACK/NACK information. This means that we can basically use the same mapping relations between CCE indices and UL ACK/NACK resource indices as for non-MIMO scenarios. In addition,  even if DL data is being transmitted using 2 codewords, the UE can use the same UL ACK/NACK resource index as if it was being transmitted 1 codeword, but with QPSK modulated ACK/NACKs.
As seen so far, CCE index mapped UL ACK/NACK resources gives a clean solution to both SU-MIMO and MU-MIMO cases without any additional signaling or mechanism.

2.3. Mapping relations for TDD
In TDD systems, where a mixture of UL subframes and DL subframes exists, there can be many UL subframes before a DL subframe, and vise versa. This means that the exact same UL ACK/NACK mapping relations as those of FDD can not used, since there a need to distinguish which UL ACK/NACK is meant for which DL data at which subframe. In this sense, the UL ACK/NACK mapping relations for TDD obviously has to be different, but at the same time we would wish to have some commonality between FDD and TDD systems and align them as much as possible. Thus we propose to map relating UL ACK/NACK resource indices with a combination of CCE indices and the subframe number, which DL data is scheduled. Here subframe number is the number which corresponds to the position of the subframe in the radio frame.

Almost the same mapping relations of UL ACK/NACK and CCE can be used for FDD and TDD, but key difference would be that in FDD systems the UL ACK/NACK resource index is only unique during the life time of a subframe, whereas in TDD systems the UL ACK/NACK resource index should be unique during the life time of multiple subframes. So an ACK/NACK resource index context in TDD would be referring to one of the physical UL ACK/NACK resource among ACK/NACK resources in multiple subframes. Basically there could be multiple DL and UL subframe configurations for TDD, which means that the exact mapping relations between a combination of CCE and its subframe number and UL ACK/NACK has to be different for all DL and UL subframe configurations. The exact mapping relations details are FFS. We would like to stress that by using UL ACK/NACK resources index unique over multiple subframes can keep enough commonalities between FDD and TDD and at the same time keep the signaling of UL ACK/NACK resources to a UE minimum.

2.4. Number of PUCCH configurations
From the system operation point of view, it is desirable to be able to set different PUCCH configurations according to system load and number of UEs currently supported in a cell. This means that eNode B should be able to change the required number of UL ACK/NACK resources in a semi-static manner. This also means that there would be cases where the number of UL ACK/NACK resources will be smaller than the maximum number of CCEs.
The maximum number of CCE in a system can not be changed because the maximum number of CCE is decided upon when the system bandwidth is given. If in the event that the number of UL ACK/NACK resources is smaller than the number of CCE at a time instant, then we would need to define a way to map UL ACK/NACK resource indices to CCE indices. If this is the case it seems logical to assign more than a one CCE index to a UL ACK/NACK resource. Then only remaining question is how to assign UL ACK/NACK resource index to multiple CCEs. One simple solution is to assign the UL ACK/NACK index to each CCE in an ordered fashion and when all UL ACK/NACK index is assigned, we start with UL ACK/NACK index number 1 again until we have assigned an UL ACK/NACK index to each CCE. This example is shown in figure 1.
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Figure 1. Example of UL ACK/NACK index and CCE index mapping
In the exmple of figure 1, we have total of 12 CCEs, and we only have 8 UL ACK/NACK resources. After assigning each CCE index from 1 to 8 with UL ACK/NACK index 1 to 8, we assigned UL ACK/NACK 1 to 4 again in CCE index 9 to 12. Since two different CCEs are mapped to the same UL ACK/NACK index, the eNode B scheduler has to make sure it does not send two different downlink scheduling grants in with the same UL ACK/NACK index. An example of collision is shown in figure 2.
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Figure 2. Example of UL ACK/NACK index assignment collison
This kind of UL ACK/NACK index numbering will only avoid UL ACK/NACK index assignment collisions if the uplink and downlink scheduling grants are used in manner described in the example. This means that the downlink scheduling grants will have to be positioned in the CCE so that the uplink ACK/NACK resource index could be utilized. This kind of positioning in the CCE may cause restrictions in the scheduling process and may not be desirable.
Figure 3 shows an example of mapping relations between UL ACK/NACK index and CCE index that could alleviate any scheduler restriction that could occur to insure maximum utilization of the UL ACK/NACK indices.
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Figure 3. Example of permuted repetition assignment of UL ACK/NACK indices 
Utilizing the fact that the CCE is aggregated in order of 1, 2, 4 or 8 and the fact that the CCE assignment for a L1/L2 control signaling is done so that the CCE is utilized in “Binary Tree Structure” manner [2], if we repeat the UL ACK/NACK index assignments with a permuted index, the possibility of UL ACK/NACK index collision when arbitrarily allocating downlink scheduling grants in the CCE becomes smaller. It allows maximum utilization of UL ACK/NACK index, without scheduling restriction when considering the fact that most downlink scheduling grants will consist of more than 1 CCE. This permutation of UL ACK/NACK index mapping does not have to be done for the entire repeated number of UL ACK/NACK indices. The permutation could be done so that it is only permuted within 8 CCEs. This is due to the fact the L1/L2 control signaling only aggregates CCE up to 8.
3.1.1. Discussion and Conclusion
In conclusion we propose the following:

· Higher layer signaling of UL ACK/NACK resource index for persistent scheduled DL data initial transmissions in its scheduling command.
· In TDD systems to map relations between UL ACK/NACK resources and a combination of CCE and its subframe number which DL data is scheduled
· Have a unique UL ACK/NACK resource index which refers to one of the physical UL ACK/NACK resource among the ACK/NACK resources available in multiple UL subframes.
· Use a repeated UL ACK/NACK index assignment to CCE when the number of CCE is larger than the total number of UL ACK/NACK resources.
· When the UL ACK/NACK index assignments are repeated, they should be repeated in a permuted manner
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