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1
Introduction
In RAN1 #49 held in Kobe, it was agreed that that for non-persistent scheduling ACK/NAK resource is linked to the index of the control channel used for (DL) scheduling. In RAN1#50bis it was decided that the ACK/NACK index is implicitly tied to the lowest CCE index used to construct the PDCCH.
In this contribution we concentrate on the implicit mapping in more details taking into account other aspects such as PDCCH decoding complexity and ACK/NACK overhead on PUCCH.
2
Design Aspects for Implicit ACK/NACK Mapping
[2] – [4] present some principles for implicit mapping of ACK/NACK resources. The most straightforward way is to map the UL ACK/NACK resource index from the lowest CCE index, as shown in Figure 1.  Some alternative methods for implicit mapping are presented in [3]. 
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Figure 1. Example of CCE to implicit ACK/NACK resource mapping.
We note that there are issues which should be considered before going into details of the exact mapping rule.  
UL overhead:
· There can be quite large difference between the number of used and needed ACK/NACK resources. If there are no limitations in the DL CCE allocation, ACK/NACK resource size must be dimensioned according worst case situation which corresponds to the case with the maximum number of simultaneous DL users. 

· As the ACK/NACK resource index is derived from the lowest CCE index, then each minimum-size CCE requires its own ACK/NACK resource (i.e., 24 ACK/NACK resources is required in example of Figure 1).  

· In order to reduce the UL overhead, we need to have a solution which does not over dimension the ACK/NACK resource on PUCCH.
DL efficiency:

· [3] presents some methods where the DL CCE allocation is pre-defined in a certain way to make the UL overhead of ACK/NACK resource smaller.
· Mapping of ACK/NACK index from maximum size of DL grant

· Mapping of ACK/NACK index from each size of DL grant

· We note that these methods are not a feasible from DL perspective, since they will introduce severe limitations for the DL CCE allocation. They merely shift the unused ACK/NACK problem to unused CCEs. So, in these methods, improved efficiency in the UL is reached at the expense of a reduced efficiency in the DL.
· An important goal related to the implicit mapping of ACK/NACK resources is that the downlink control signalling should be maintained efficient and flexible enough.
Decoding complexity of the PDCCH:
· In case that there are no limitations in the DL CCE aggregation, there is need to blindly decode a lot of control channel candidates 

· Restricting the DL CCE allocation space can be used to reduce the UE decoding burden (see Section 3)
· Restricted DL CCE allocation space should be considered as a way to reduce the UL overhead of ACK/NACK channel (see Section 4)
3
Tree-based Scheme for Reduced UE Decoding Complexity
Figure 1 illustrated that there is a clear tree structure, which implies some restrictions on which CCE offsets are allowed when aggregating control channel elements. We assume that we would only need aggregation levels of 1, 2, 4, and 8 to be able to provide sufficient amount of control channel candidates as well as sufficient control channel coverage.

It is noted that when a UE needs to search for its downlink or uplink allocation, it will have to search through the full tree structure in order to find a potential allocation. Now, based on the assumption that each CCE is interleaved sufficiently over the frequency, we have the same average performance of each CCE. This means that a good channel condition UE’s control channel information can be transmitted successfully on any single CCE for the same performance. Further, from a packet scheduling point of view it is not likely that we will schedule more than 10-12 users at the same time for each link direction.

Following this argumentation, it would make sense to cluster the good channel condition users in part of the tree structure. We have shown this in Figure 2, where it is seen that when applying the clustering principle to the tree structure given in Figure 1, we can obtain a heavy reduction in the amount of decoding attempts (see [6] for more details). Control channel structure in Figure 2 is put under limitations, such that only the white aggregated control channel candidates are available for scheduling. In this example the amount of decoding attempts goes from 45 to 15, while at the same time maintaining most of the scheduling flexibility.
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Figure 2. Example of CCE to implicit ACK/NACK resource mapping.
Considering this principle we have a number of observations:

· The amount of decoding attempts by each UE is reduced significantly.

· In case we have several good channel condition users, we can still use aggregation (with lower power) to address these users.

· In case we want to address/schedule 3 poor channel condition users, we are still capable of doing this.

· The amount of associated PUCCH ACK/NACK resources needed is also reduced by this method (See next Section).

From the above it is seen that the suggested control channel structure will potentially provide a significant reduction on the amount of decoding attempts, while still providing sufficient flexibility in terms of amount of simultaneously scheduled users.

4

ACK/NACK mapping taking into account reduced decoding complexity

Figure 3 illustrates the proposed mapping principle. It assumes that tree-based limitations on the CCE allocation, as described in Section 3, are applied. It can be noted having these limitations in use, there are CCE indexes which can never act as the first CCE of any CCE aggregation. 
Now, we define the implicit ACK/NACK resource in such that CCEs which can not act as the first CCE are excluded from the ACK/NACK resource set. Otherwise, the implicit ACK/NACK resource index is still dependent on the lowest (first) CCE. Table 1 shows the principle of the proposed scheme in tabular format.
The advantage of the proposed mapping principle, applied on top of scheme providing reduced decoding complexity at the UE, is decreased UL overhead of ACK/NACK resource: 

· Baseline scheme having 24 CCEs requires 24 parallel ACK/NACK resources

· The proposed scheme can cope with 9 parallel ACK/NACK resources. This number equals to the number of users scheduled at the same time for DL direction. 

The system level gain from this reduced ACK/NACK resource space can be quite significant. 18 ACK/NACK resources (1 RU) corresponds to 4% overhead in the uplink, assuming 5 MHz bandwidth allocation.
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Figure 3. Example of CCE to implicit ACK/NACK resource mapping.
Table 1. Example of CCE to implicit ACK/NACK resource mapping
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5
Summary
This contribution discusses details regarding to implicit mapping of ACK/NACK resources. We noted that there is a need to specify a standardized rule for DL CCE allocation which allows for

· Reduced UE decoding complexity

· Reduced number of implicit ACK/NACK resources in UL

We noted that tree-based scheme proposed in [6] will provide a significant reduction of the amount of UE decoding attempts. Combining the implicit mapping rule with the scheme providing reduced UE decoding burden at the UE will significantly  reduce the UL overhead of ACK/NACK channel.
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