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1 Introduction

In the RAN1#48bis meeting, a starting point for the downlink L1/L2 control channel design was agreed [1]. In order to proceed with the downlink L1/L2 control channel design the mapping of the PDCCHs, the ACK/NACKs and Cat0 onto the physical resources needs to be defined. 

This contribution discusses required characteristics of the mapping function of L1/L2 control channels and provides a block‑based solution. 

2 Required characteristics of mapping function

Based on our investigations, we identify the following required characteristics for the mapping of the downlink L1/L2 control channels: 

· Capability for power control and power sharing
In order to efficiently control the reliability of the control channels, the mapping should allow efficient power control and efficient power sharing between individual PDCCHs. In addition, power sharing between PDCCHs, ACK/NACKs and Cat0 is important, since ACK/NACKs and Cat0 may need to borrow power from the PDCCHs to guarantee a reliable cell‑edge coverage.
· Capability for intercell interference randomization 
The intercell interference should be well randomized to obtain sufficient interference diversity. This is important to allow for efficient power control to ensure the control channel reliability. 

· Capability for intercell interference coordination
The mapping should allow for a simple implementation of interference coordination. 

· Low UE complexity / control channel decoding delay
The UE complexity and decoding delay should be minimized. An important aspect of the UE complexity is the configuration of the control channel demappers/decoders. If the physical mapping of each Control Channel Element (CCE) is independent of the Cat0 content, the control channel demappers/decoders do not need to be reconfigured every subframe, which greatly reduces the control channel decoding complexity and delay. 

· Frequency diversity
This is important since there is limited time diversity for the L1/L2 control channels (confined within 3 OFDM symbols and operation without hybrid ARQ).  
· ACK/NACK overhead scalability
The required ACK/NACK resources varies according to the traffic conditions. Therefore, sharing the ACK/NACK resources with other control resources is attractive. 
· Bandwidth agnostic design
The mapping should efficiently support various system bandwidths on RB granularity in order to support the bandwidths decided by RAN4.
· Efficient usage of dynamic DL control configuration
Since the control channel overhead can be configured dynamically by Cat0, resources not used by control channels should be made available to data as much as possible.
· Reasonable design for MBSFN subframes 
The required control overhead in MBSFN subframes is reduced compared to non‑MBSFN subframes, since PDCCHs for downlink are not needed. For complexity reasons, the principle of the mapping should be similar to the non‑MBSFN subframe. In addition, the RS structure within MBSFN subframes should be taken into account.
3 Considered structure  

Based on the required characteristics in the previous section, we propose a general structure, which is shown in Figure 1 and described below. 

· ACK/NACKs and Cat0 are mapped onto CCEs. 
This generates a clean control channel structure and allows for simple power sharing between ACK/NACKs, Cat0 and PDCCHs. In addition, it allows for simple eNodeB and UE processing since the mapping of all downlink L1/L2 control channels is based on CCEs. Further, it allows for a good scalability of ACK/NACK overhead. If more ACK/NACK resources are needed e.g. to accommodate more VoIP UEs, more CCEs are used for ACK/NACK. If less ACK/NACK resources are needed, it is beneficial to use the vacant resources for other control channels. Both is possible without the need of reconfiguring the sizes or physical mapping of the CCEs.
· CCEs are always mapped across the first 3 OFDM symbols. 
This allows for efficient power sharing between PDCCHs, ACK/NACK and Cat0. If Cat0 would be mapped onto only the first OFDM symbol, the power sharing would be limited due to potential power boosting of the reference signals.

· CCEs are grouped and cell specific interleaving is performed within a group. 
This allows for a fixed mapping to of each CCEs to the physical REs independent of the Cat0 content. Therefore, this reduces the UE complexity because the UE does not need to reconfigure the control channel demappers/decoders in every subframe according to the Cat0 decoding result. Furthermore, this allows for low control channel decoding delay since the UEs can start demapping/decoding the control channels before obtaining the Cat0 value. If Cat0 indicates the demapping/decoding of some control channel is not necessary (i.e. time/frequency resource are used for data transmission), simply the demapping/decoding result of these control channels are not used.  In addition, such a design allows the UE/eNodeB test effort to be greatly reduced as the total number of possible mappings is reduced.

· Physical resource mapping is performed on RB level. 
This allows for RB-level interference coordination by reducing (or nulling) the transmit power for some CCE groups. This also provides a simple bandwidth agnostic structure. Note that sufficient frequency diversity is obtained by a RB‑wise distributed mapping according to the simulation results for RB‑wise distributed mapping for data in e.g. [2]

 REF _Ref165386123 \r \h 
[3], which provides a good indication for the control channel performance. 
· Unused RBs for CCEs are used for data
This allows for an efficient and simple sharing of physical resources on RB‑level between control and data within the first 3 OFDM symbols, in case some RBs are not used for control. This also allows for power sharing between control channels and data. In this case, the data transmission EPRE is controlled in such a manner that the UEs can assume a constant EPRE within and across all allocated RBs in order to avoid a complicated UE power detection. It should be noted, that the important is “UE can assume a constant EPRE” and this does not necessarily require the eNodeB to transmit an exactly constant EPRE.
· The same principle is applied for MBSFN subframe
In MBSFN subframes, the CCEs are mapped onto physical resources in the same manner above except that CCEs are mapped onto the first 2 OFDM symbols. 
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Figure 1: Considered structure of CCE mapping (5MHz)

Note that the numerology shown in Figure 1 is an example. 

4 Conclusion
This contribution shows our view on the required characteristics for the mapping structure of the downlink L1/L2 control channels. Based on the requirements, we propose to adopt the CCE structure and mapping outlined in this contribution, which is characterized as follows:
· The physical resource mapping of CCEs is performed on RB level. Unused RBs in the first three OFDM symbols may be used for data transmission. 

· CCEs are always mapped across the first three OFDM symbols in non-MBSFN subframes and across the first two OFDM symbols in MBSFN subframes. 

· CCEs are grouped and cell specific interleaving is performed within a group. 
· ACK/NACKs and Cat0 are mapped on CCEs. Cat0 is mapped on a “predefined” CCE and ACK/NACKs are mapped on semi-statically configured CCEs. 
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