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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. However, the details need to be discussed further. Moreover, we are still considering another option of explicitly signaling ACK/NACK allocation in uplink (UL) scheduling message. 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 index mapping.
2. Mapping Between UL Data and DL ACK/NACK

In this contribution we introduce 3 possible UL data to DL ACK/NACK index mapping schemes and their pros and cons. Many of the arguments made here is also applicable to DL data and UL ACK/NACK mapping relations [1].
2.1. Option 1: UL RB Implicit Mapping

RB implicit mapping is mapping ACK/NACK index to the resource block on the uplink. More specifically, it can be specified that a UE should assume index of the DL ACK/NACK resource is same with for example, the index of the first RB among the UL RBs scheduled to it.
Pros:

· Simple,

· Any data corresponding to any DL ACK/NACK must have been transmitted through UL RBs, hence RB and ACK/NACK index mapping is direct forward.
· Applicable to synchronous non-adaptive data re-transmissions, where there is no UL scheduling message for retransmission.

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

Cons:

· Maybe, large overhead in terms of required DL ACK/NACK resources

· Requires reserving ACK/NACK transmission resource for every RB. In our analysis [2], 75 REs are required to support ACK/NACK resource corresponding to UL RBs in 10 MHz BW, which is 1/24 of REs in 3 OFDM symbols. 
2.1.1. UL RB Implicit Mapping for MU-MIMO
It is too wasteful to reserve N times DL ACK/NACK resources when there can be maximum N simultaneous UL MU-MIMO transmissions. To manage UL MU-MIMO transmission with the same amount of ACK/NACK resource with UL SIMO transmission, we introduce an ACK/NACK index offset value, O. In this method, a UE should assume index of the DL ACK/NACK resource is, for example, O + the index of the first RB among the UL RBs scheduled to it.
Then, a simple implementation rule of eNB scheduler algorithm for UL MU-MIMO transmission is as follows.
-  All the spatially multiplexed UEs are assigned same UL RBs.

-  When N UEs are spatially multiplexed, the number of RBs assigned to each UE is equal or greater than N.

-  N spatially multiplexed UEs are assigned O=0, O=1, ( O=N-1 so that their assigned ACK/NACK indices are different to each other’s
If a scheduled UE is informed of a kind of ‘stream index’ which distinguishes it from other spatially multiplexed UEs with it, then O can be derived by its stream index without additional signaling of O value. Since spatially multiplexed UEs are assigned different RS sequences (or different Walsh coverings on RS), different RS structures may be interpreted as this stream index.
Figure 1 illustrates this operation, where R indicates the index of the first RB among assigned RBs to each UE so that R+O indicates actual ACK/NACK index allocated to each UE.
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Figure 1.  ACK/NACK index allocation using stream index: Example 1
Even when ACK/NACK index is derived from stream index, it is also possible eNB schedules UL MU-MIMO transmission in more arbitrary manner than shown in figure 1. In this case, the scheduling algorithm may be complex to avoid possible collision of ACK/NACK indices, which is illustrated in figure 2.
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Figure 2.  ACK/NACK index allocation using stream index: Example 2

Another possible way is explicitly signaling O value in UL scheduling message to give eNB more flexibility in DL ACK/NACK index allocation. In this case, O value doesn’t need to be limited within maximum number of multiplexed streams and O may have (-) value also.
2.2. Option 2: CCE Implicit Mapping

CCE implicit mapping is mapping ACK/NACK index to each control channel element (CCE). Depending on the different level of MCS supported by the control channel, the UL data scheduling message consist of multiples of CCE. Therefore, more specifically, it can be specified that a UE should assume index of the DL ACK/NACK resource is same with the index of, for example, the first CCE among the CCEs used to schedule the UL data for it.
Pros:

· Possibly, small ACK/NACK resource requirement (compared to RB implicit mapping).

· If maximum number of CCEs used for UL scheduling is restricted to be smaller than the number of UL RBs, required amount of ACK/NACK resource can be reduced.

Cons:

· Requires additional signaling or requires some complementary solution to solve synchronous non-adaptive HARQ re-transmissions since there is no UL scheduling message for synchronous non-adaptive HARQ re-transmission.
· Requires supplementary solution for persistently scheduled or group scheduled data transmission since there will be no normal UL scheduling message for such transmissions.

2.2.1. CCE Implicit Mapping for MU-MIMO
If we assume independent UL scheduling message is transmitted for each spatially multiplexed MU-MIMO transmission, then no special treatment for MU-MIMO is needed in CCE implicit mapping scheme. Or else, if we assume multiple spatially multiplexed MU-MIMO transmissions are scheduled by one scheduling message, methods of reducing DL ACK/NACK resources for RB implicit mapping may also be applied here.
2.3. Option 3: Explicit signaling through UL scheduling message
ACK/NACK index for each UL data can be explicitly told by the eNode B, in every UL scheduling message. The reason we consider this option even though it’s not in line with current working assumption is that required number of bits for UL RB allocation in UL scheduling message would be much smaller than DL scheduling message since it doesn’t need ‘bitmap’ type resource allocation due to the continuous BW allocation for UL data. So, if it’s beneficial to have the same payload size for both UL and DL scheduling message, there is room for additional information in UL scheduling message.
Pros:

· More flexible ACK/NACK index allocation within a limited amount of ACK/NACK resource

· No need to over-estimate required number of ACK/NACK resources. An operator can decide the amount of ACK/NACK resource reserved arbitrarily.
· Applicable to persistently scheduled transmission.

· An ACK/NACK index allocated via persistent scheduling message can be reserved during the persistent transmission.

· Applicable to synchronous non-adaptive HARQ re-transmissions

· An ACK/NACK index allocated for initial transmission can be reserved during the re-transmission.
· Uniform ACK/NACK mapping structure between FDD and TDD.

· This approach can address that the fact TDD frame structure may create situations, where ACK/NACK for UL data transmission in multiple UL subframes can be transmitted in one DL subframe.
Cons:
· Increase in payload size of the UL scheduling message
· Depending on the maximum configurable ACK/NACK resources, 4~6 bits may be necessary for 10 MH BW.

2.3.1. Explicit signaling through UL scheduling message for MU-MIMO
If we assume independent UL scheduling message is transmitted for each spatially multiplexed MU-MIMO transmission, then no special treatment for MU-MIMO is needed in explicit signaling of ACK/NACK index. Or else, if we assume multiple spatially multiplexed MU-MIMO transmissions are scheduled by one scheduling message, some solution should be found out.
3. Conclusion

In LGE’s view, option 2, CCE implicit mapping has problems with synchronous non-adaptive HARQ re-transmissions and persistent/group scheduling. Therefore, option 1, RB implicit mapping seems the most promising for the DL ACK/NACK index allocation. However, option 2, explicit ACK/NACK index signaling through UL scheduling message, can be considered if the payload sizes of UL and DL scheduling message are to be kept same.
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