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1.1. Introduction

Among the possible solutions to mapping relations between UL data and DL ACK/NACK, it seems reasonably to be categorized as 3 solutions when considering complexity and feasibility. That is, DL CCE implicit mapping, explicit indication in DL L1/L2 control signaling and implicit UL VRB mapping [1]. Out of these 3 options method of mapping relations between DL ACK/NACK and CCE is not so preferable, since UL Data may be transmitted using synchronous non-adaptive HARQ processes. This basically means that there is no L1/L2 control signaling for the UL data re-transmissions. It will be difficult to map relations between CCE and DL ACK/NACK, if there is no CCE transmission to start with. The explicit signaling option seems to be most robust in terms of DL ACK/NACK operations, but costs in L1/L2 control signal overhead. If somehow we have concluded that there can be room for explicit signaling bits in the UL scheduling grant message, then this option maybe revisited. Since first option mentioned creates problems with synchronous non-adaptive HARQ processes, and the second option mention requires additional signaling bits in the L1/L2 control signal, out of the 3 options available it seems that the most feasible and preferable option is to map relations between DL ACK/NACK and UL data virtual resource blocks (VRB). In this contribution we discuss in detail method of mapping relations between DL ACK/NACK and UL VRB. We mainly focus on FDD non-MIMO case and show that it is feasible even for the FDD MIMO and TDD system cases.
2.1. Mapping relations between UL VRB and DL ACK/NACK

2.1. Mapping relations in Non-MIMO scenario
UL VRB implicit mapping is mapping DL ACK/NACK resource index to the virtual resource block index on the uplink. A single UL data transmission may span over multiple VRBs in a subframe, which means that a single UL data transmission may be mapped to multiple DL ACK/NACK resource indices. In this case the UL data transmission chooses the first (the lowest) DL ACK/NACK resource index that is available to it. This means DL ACK/NACK channels at a certain subframe might not get fully utilized, but the power resources of unused ACK/NACK channels may be shared by other ACK/NACK or control channels in the same OFDM symbol.
Recent decisions made by RAN2 state that for UL persistent scheduled data, there may or may not be any L1/L2 control signaling for the initial or retransmissions. Which means there needs to be a way to support persistent scheduled data ACK/NACK without any control signaling. UL VRB index mapped DL ACK/NACK can support any form of persistent scheduled data because any data that is going to be transmitted in the UL must be transmitted through VRB, which means there is a unique relation to 1 or more DL ACK/NACK resources. For data transmission that hop within the subframe (hopping by slot and slot bases), we could still use same VRB mapped ACK/NACKs by using the ACK/NACK resource that is mapped to the VRB index of the first slot of the frequency hopping mode data transmissions.
2.1. Mapping relations in UL SDMA scenarios
When DL ACK/NACK is mapped to UL VRB, the simplest way to support UL SDMA is to allocate ‘N’ times the ACK/NACK resources needed for non-SDMA case, where the number ‘N’ is the maximum possible number of spatially multiplexed UEs per Resource Block. We will call this option 1. This will increase the DL overhead linearly with the number ‘N’. The second solution that enables UL SDMA support is giving scheduling restrictions. If the SDMA data transmissions are scheduled with a minimum of ‘N’ VRB resource blocks, then we can manage to send DL ACK/NACK with the same amount of DL RE required in non-SDMA case.
With option 1, even though we have allocated enough DL ACK/NACK resources that enable UL SDMA support, we still need a way to signal each UE about which DL ACK/NACK resource to use, since multiple UEs will share the same VRBs. The simplest solution is to re-use the information that is use to convey which reference signal to use for each UE, when transmitting in SDMA. All DM RS used in UL data transmission must be controlled by eNode B in order to make sure that spatially multiplexed uplink data from different UE can be received correctly. This means that for any UE that is transmitting in SDMA in UL, it must be signaled which reference signal to use with this transmission. Since this information is transmitted to the UE anyway we can utilize this information and map it to information called ‘ACK/NACK index offset’. Each UE will now get the DL ACK/NACK resource index from the VRB index the UL data was transmitted in and the ACK/NACK index offset.
For example, let’s say we have 12 DL ACK/NACK resources (and of course 12 VRBs) and therefore 12 DL ACK/NACK indices. To enable up to 4 codeword SDMA transmissions in the UL we have allocated four times the DL ACK/NACK resources required compared with when only non-spatially multiplexed UEs are being served in the cell, in this example this would be 48 DL ACK/NACKs. If we assume that there can be 4 different DM RS that could be used for MU-MIMO and we map those 4 DM RS to ACK/NACK index offset ‘0’, ‘1’, ‘2’, and ‘3’, then each UE would retrieve the DL ACK/NACK index by multiplying ACK/NACK index offset by 12 and adding the VRB index. This example is shown in figure 1. The AI (short for DL ACK/NACK index) is calculated by 
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, where NVRB is the total number of UL VRB, Ioffset is the ACK/NACK index offset gotten from the DM RS information, and IVRB which is the VRB index. In figure 1 we can see that UE 1 uses ACK/NACK index of 2, and UE 2 uses ACK/NACK index of 14, and other UEs will use ACK/NACK index accordingly. This option insures maximum scheduling flexibility in the UL MU-MIMO transmissions. The combination of ACK/NACK index offset, given by implicit mapping between DM RS, and the VRB index which the UL data is transmitted in will ultimately decide which ACK/NACK index the UE can expect the DL ACK/NACK transmission to be in. This option requires virtually no signaling overhead (since this information is needed by the UE anyway), and is a logical extension of the mapping relations between UL VRB and DL ACK/NACK proposed earlier in this contribution.
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Figure 1. An example of DL ACK/NACK resource index retrieval for spatially multiplexed UEs in SDMA supporting cell, when DL ACK/NACK resources are allocated ‘N’ times more than non-SDMA cells.
The draw back of option 1 is that if we always transmit the uplink reference signal information to each UE no matter if SDMA is used or not (to enable transparency between non-spatially multiplexed UEs and spatially multiplexed UEs), then to provision for the worst case (which would be the SDMA case), we would need to always allocate ‘N’ times the DL ACK/NACK resources compared to when not using SDMA at all. So for a system that does not use any SDMA in the uplink and signal reference signal information, such as cyclic shift value of the DM RS is always transmitted to the UEs to enable SDMA transparency, we would be wasting a lot of DL ACK/NACK resources that would be never used. The 2nd option is to restrict the scheduler to only allocate at least ‘M’ number of VRB blocks, where ‘M’ is the number of codewords simultaneously transmitted in UL SDMA. For example if 2 UE are spatially multiplexed, then both UEs shall be allocated at least 2 VRBs each. Since there are DL ACK/NACK resources for every UL VRB, for those 2 VRB there should be 2 DL ACK/NACKs. Each UE can now use different VRB index to retrieve DL ACK/NACK information. The question now is how to convey to each UE out of all the VRBs used for UL SDMA transmission, which VRB index should the UE use? Just like in option 1, we can re-use the information that conveyed which DM RS sequence the UE shall use along with UL SDMA transmission. The eNode B implicitly maps an ‘ACK/NACK index offset’ to each DM RS that is going to be used for UL MU-MIMO transmission. By the combination of this ‘ACK/NACK index offset’ and VRB index the UE can figure out the DL ACK/NACK resource index.
Then there is the question of of how to derive the ACK/NACK index offset value. One simple way of deriving ACK/NACK index offset value is to do a modulo operation on the DM RS cyclic shift index by the number of resource blocks that the UE got assigned by the eNode B. For instance as in figure 2, UEs through 2 to 4 are scheduled to be spatially multiplexed and UE 1 is scheduled as if SDMA is not used at all. In all cases each UE known which cyclic shift index of the DM RS it must use in the uplink transmission. Let’s assume that there is at least the same number of DL ACK/NACK resource allocations as the number of uplink VRB, in this example 12 VRB or 12 DL ACK/NACK resources corresponding to 12 DL ACK/NACK indices. In addition all the UE will uses the first (or the lowest VRB index) which the uplink data was assigned to, when calculating the DL ACK/NACK index corresponding to the uplink data transmission. UEs 1 through 4 in figure 2 are assigned difference DL ACK/NACK indices, without any knowledge whether they are spatially multiplexed or not.
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Figure 2. An example of DL ACK/NACK resource index retrieval for spatially multiplexed UEs and non-spatially multiplexed UE in UL, through modulous operation of ACK/NACK index offset
Using modulus operation when calculating ACK/NACK index offset value creates a transparent SDMA support in the UEs. This operation will result in some scheduling restriction where some cyclic shift index for some spatially multiplexed UE can not be used when other cyclic shift index is being used by other spatially multiplexed UEs. Such an example is shown in figure 2 UE 5. UE 5 tries to use the cyclic shift index 6 but when 6 is modulo operated by 4 (the number of allocated VRBs), the result is 2 which creates a conflict with UE 4. In order to avoid this kind of conflict, the scheduler must assign a cyclic shift index, which does not create any confliction, such as cyclic shift index 3. It should be noted that the physical cyclic shift value of the DM RS and the cyclic shift index value noted in this contribution does not necessarily be the same, they could be mapped differently.
We see that both option 1, 2 or a combination of option 1 and 2 are feasible. We can support a combination of options 1 and 2 by pre-defining mapping rules for the ACK/NACK index offset to the UL DM RS used for SDMA or non-SDMA transmissions. In the discussion above we have assumed that UL data VRB allocations for different spatially multiplexed UE have same size and are aligned. This is because we are assuming that for spatially multiplex UEs have orthogonal DM RSs, and assuming spatially multiplexed DM RSs are based on CAZAC sequences, the DM RS would have to be fully aligned, have the same root sequences, and have different cyclic shifts. The alignment of the DM RS results in alignment of the UL VRB used for different UEs.
2.1. Mapping relations for TDD
In TDD systems, where a mixture of UL subframes and DL subframes exist there can be many UL subframes before a DL subframe, and vise versa. This means that the exact same DL ACK/NACK mapping relations can not be used, since there is a need to distinguish which DL ACK/NACK is meant for which UL data at which subframe. In this sense, the DL 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 a combination of DL ACK/NACK resource indices and DL subframe number with a combination of UL VRB indices and the UL subframe number. Here subframe number is the number which corresponds to the position of the subframe in the radio frame.
Almost the same mapping relations of DL ACK/NACK and UL VRB can be used for FDD and TDD, but key difference would be that in FDD systems the DL ACK/NACK resource index is only unique during the life time of a subframe, whereas in TDD systems the DL ACK/NACK resource index should be unique during the life time of multiple subframes. So an ACK/NACK resource index contexted in TDD would be referring to one of the physical DL 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 UL VRB and its subframe number and DL 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 DL ACK/NACK resources index unique over multiple subframes can keep enough commonalities between FDD and TDD and the same time keep the signaling of DL ACK/NACK resources to a UE minimum.
3.1. Conclusion

In conclusion we propose the following:
· Map relations between UL VRB and DL ACK/NACK resources for FDD systems
· The use of ‘ACK/NACK index offset’ and map relations between ‘ACK/NACK index offset’ and UL DM RS sequences
· If SDMA transparency is required at the UE side, we could calculate the ACK/NACK index offset by modulous operation of DM RS cyclic shift index by the number of resource blocks assigned in the uplink.
· Map relations between DL ACK/NACK resources and a combination of UL VRB and its subframe number which UL data is being transmitted
· Have a unique DL ACK/NACK resource index which life time spans over multiple subframes
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