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1. Introduction

In 3GPP TSG RAN WG1 #48 Meeting in St. Louis it was agreed that downlink (DL) ACK/NACK is associated with uplink (UL) data transmissions. Since the details seem unclear at this stage, in this contribution we briefly summarize the different DL ACK/NACK mapping schemes and analyze its pros and cons, and finally show out view on DL ACK/NACK Mapping.
2. Mapping Between UL Data and DL ACK/NACK

In this contribution we introduce 4 possible mapping schemes and its pros and cons. Many of the arguments made here is also applicable to DL data and UL ACK/NACK mapping relations [1]. Here AI stands for ACK/NACK Index, which is associated with each DL ACK/NACK resource.
2.1. Option 1: VRB Implicit Mapping

VRB implicit mapping is mapping AI to the virtual resource block on the uplink.

Pros:

· Simple,

· any data corresponding to any DL ACK/NACK must have been transmitted through UL VRB, hence VRB and ACK/NACK Mapping

· Applicable to synchronous non-adaptive data re-transmissions.

· Applicable even to persistent scheduled data transmissions. (data transmissions that do not require scheduling grants in every transmission)
· Applicable to certain group scheduling proposals (data transmission that share the same scheduling grants).

Cons:

· Large overhead in terms of required DL ACK/NACK resources

· Requires ACK/NACK transmission resource for every VRB

· Depending on average number of VRB allocation for DL transmission, large portions of UL ACK/NACK resource might be wasted/un-used.
For example a 10 MHz system with 50 resource blocks in the uplink will need 50 ACK/NACK resources in the DL. For MU-MIMO cases this value will increase to 200 ACK/NACK resources (For 4 Tx Antenna Ports). 200 ACK/NACK resource is obviously too much.
But it should be noted that required ACK/NACK resources in the DL may be reduced, if some minimal VRB allocation restrictions are made in the UL for MIMO cases. Since MIMO is used to achieve higher data rates and peak throughput, it’s likely that UEs will be allocated more VRB than 1. So for example in case of 4 Tx Antenna MU-MIMO cases, if we restrict the minimum VRB allocation to 4, we can save required ACK/NACK resource by 4 folds (only needing 50 ACK/NACK resources instead of 200 VRB) compared to what we would have needed without any restrictions.
2.1.1. VRB Implicit Mapping for MU-MIMO
Just to elaborate on how we can reduce the required ACK/NACK resources for MU-MIMO, when minimal VRB allocation is restricted to ‘NR’, let’s assume that the basic principle for any UL data transmission is using the first AI (or the lowest AI value) of the all the AI values that are associated with the data VRBs. If eNode B conveys an AI offset value in advance through UL data grant message, and if the eNode B makes sure each UE transmitting UL data starting with the same VRB receive different AI offset values, then each for each UL data, each UE can correctly receive it’s ACK/NACK. Here the AI offset value will have a value between 0 and NR-1. If we restrict the minimum VRB allocation to NR then we could reduce the required ACK/NACK resources by NR times. Figure 1 shows a conceptual example. In figure 1 we restrict minimum VRB allocation to 2 and allow up to 2 UE to be spatially multiplexed, and only pre-allocate ACK/NACK resource equal to number of VRBs. We can see that even though UL data for UE 1 and UL data for UE 2 each UE, UE 1 expects to receive ACK/NACK through AI 0 whereas UE 2 expects to receive ACK/NACK through AI 1.
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Figure 1. Example of MU-MIMO UL data transmission and ACK/NACK Index Mapping
This additional AI offset information in the UL data transmission grant will have minimal effect because in order to support MU-MIMO, we need to specify which reference signal (RS) should each UEs use anyway. In short we can take the information used for MU-MIMO RS assignment and map that information to AI offset. Thus virtually no additional overhead is created when using this scheme.
2.2. Option 2: CCH Implicit Mapping

CCH implicit mapping is mapping AI to each control channel unit (CCH unit). Here CCH unit is the smallest unit which UL data scheduling grant can be sent. Depending on the different level of MCS supported by the control channel the UL data scheduling grant consist of multiples of CCH unit. It should be noted that CCH implicit mapping can be only applied to data that is scheduled by CCH grant for every transmission. In other words data transmission that does not require control information such as synchronous non-adaptive HARQ transmissions (if any), and persistent scheduled transmission, can not be implicitly mapped using CCH.

Pros:

· Small ACK/NACK resource requirement (compared to VRB implicit mapping).

· Although if persistent scheduled data transmissions and group scheduling commands is taken into account, the number of ACK/NACK resources can be larger than the number of CCH.
Cons:

· Requires additional signaling or requires some complementary solution to solve synchronous non-adaptive HARQ re-transmissions.
· Requires supplementary solution for data transmission that does not require DL-PDCCH in every transmission.

· Uncertain how to obtain AI for persistent scheduled data or certain group scheduling proposals.

For example in a 10MHz DL/UL system, there are 600 subcarriers or resource elements (RE) available per 1 OFDM symbol. Since we have decided that control signals will be confined in the first 3 OFDM symbols, we may have up to roughly 1800 REs (not including the Reference Signal overhead of course). For the sake of the argument let’s assume we have allocated half of the resource for the DL data transmission (this value may vary of course depending on scheduling conditions and due to paging channels, and or other control information). If we assume 30 RE per minimal CCH, than we would have up to maximum of 30 CCH for UL data transmission, and if we allocate 1 ACK/NACK resource per CCH, we would only need maximum of 30 ACK/NACK resources in the DL. Even with rough estimate we can see that the required ACK/NACK resources using CCH implicit mapping will require smaller ACK/NACK resource overhead compared to VRB implicit mapping.
2.2.1. CCH Implicit Mapping for MU-MIMO
If we assume independent CCH is transmitted for each data codeword in MU-MIMO, then no special treatment for MU-MIMO is needed in CCH implicit mapping scheme. Methods of reducing DL ACK/NACK resources for VRB implicit mapping may also be applied here.
2.2.2. Option 3: CCH Implicit Mapping with Dynamic Cat 0

Option 3 is an alternative/modified option 2 scheme, and shares similar properties. In option 3, if dynamic Cat0 information is available, and if dynamic cat0 contains information on number of DL-PDCCH for each MCS levels, then it is possible to map AI to the ordering of DL-PDCCH. i.e. if DL-PDCCH is placed in a sequential order then ‘k’th DL-PDCCH is mapped to AI ‘k’. This scheme will be restricted to all the cons of option 2.
Pros:

· Smaller ACK/NACK resource requirement (compared to CCH implicit mapping).

· Required ACK/NACK resource will be decided by how many UEs which need to be scheduled in the UL, which will be smaller than the maximum number of CCH for UL.
Cons:

· Requires number of DL-PDCCH for each MCS levels.

· If single MCS level for control channel is chosen, then no special information is needed.

· Requires additional signaling or requires some complementary solution to solve synchronous non-adaptive HARQ re-transmissions.

· Requires supplementary solution for data transmission that does not require DL-PDCCH in every transmission.

· Uncertain how to obtain AI for persistent scheduled data or certain group scheduling proposals.

2.2.3. CCH Implicit Mapping with dynamic cat0 for MU-MIMO
Since option 3 can be regards as an alternative method for option 2, all the discussion for option 2 also apply here. Like option 2 no additional solution or treatment is required for MU-MIMO, and 
2.3. Option 4: Explicit Mapping through CCH

Explicit mapping of AI through CCH is when AI for each UL data is explicitly told by the eNode B, in every UL data grant.

Pros:

· More dynamic flexibility within the maximum required ACK/NACK resource allocation needed in DL

· No need to over-estimate required number of ACK/NACK resources

· Can pre-allocate ACK/NACK resource per need bases.
· Applicable to all persistent schedule and group scheduling proposals.

· Applicable to synchronous non-adaptive HARQ re-transmissions

· A reserved AI (at least for the re-transmission duration) can be assigned at the initial grant
· ACK/NACK resource extension for MIMO cases is relatively simple.
· Uniform ACK/NACK mapping structure between FDD and TDD.

· Can address that the fact TDD frame structure may create situations, where large amounts of ACK/NACK for multiple UL data transmission are transmitted at the DL at once.
Cons:
· LARGE Overhead in the DL-PDCCH

· AI must be explicitly transmitted in every DL data grant.

The exact number of bits required for total explicit AI indication is FFS. The number bits will depend on the exact number of CCH that can be signaled through the DL, number of VRB in the system bandwidth, frame structure (FDD or TDD), and etc.
If somehow we decide on the control signal format and found out that UL data grant message is significantly smaller than the DL data grant message, and decided that we may include additional information to the UL data grant message, then explicit mapping through CCH may be feasible. But this will depend on the control channel design outcome.
2.3.1. CCH Explicit Mapping for MU-MIMO
Since all AI information is explicitly transmitted through the DL from the eNode B, extension to MU-MIMO systems is simple and easy. The eNode B can already control all the resources needed for ACK/NACK and which data transmission it’s associated with.
3. Conclusion

In LGE’s view, option 4 imposes too much overhead increase in the DL-PDCCH itself. Option 2 & 3 has problems with synchronous non-adaptive HARQ re-transmissions, and option 2 or 3, itself can not create a solution for UL data transmissions. Since UL transmissions will tend to rely on HARQ more than DL, any ACK/NACK mapping scheme for DL should encompass solutions for synchronous non-adaptive HARQ. Option 2 and 3 both require supplementary mechanisms to fully support synchronous non-adaptive HARQ and this in our opinion is undesired. Option 1 seems the most promising for the DL ACK/NACKs, and there are ways to reduce the overhead even for MU-MIMO cases.

In conclusion option 1: VRB implicit mapping to AI for DL ACK/NACK is most preferred.
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