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1 Introduction
This document is an update of the Sorrento contribution R1-070186.

In the RAN1#47 meeting, the following has been agreed as working assumption for downlink L1/L2 control signaling [1]:

· Downlink control signaling is located in the first n OFDM symbols (n ( 3)

· Data transmission in the downlink can at earliest start at the same OFDM symbol as the control signaling ends

· Multiple control channels are used

· Each control channel is convolutionally coded

· A UE monitors a number of control channels

· One control channel carries information for one MAC ID

· At least two formats for control signaling are supported

· The power setting of each control channel is up to the Node B, but is constant within a TTI for one control channel
In this document, we propose a scheme for mapping the downlink L1/L2 control channel onto the physical resources by defining Control Resource Units (CRUs). In addition, we propose a logical UE receiver model for decoding the downlink L1/L2 control channel, each UE having 16 L1/L2 control channel decoders. These 16 L1/L2 control channel decoders are configured by RRC (over BCCH or dedicated) and are configured with respect to certain transmission parameters, e.g. for decoding downlink control information or uplink grant information. 
2 Mapping of Downlink L1/L2 Control Channels

2.1 Definition of Control Resource Units (CRUs)

For mapping the downlink L1/L2 control channels onto the physical resources, we define Control Resource Units (CRUs), where a CRU in the underlying example spans over 6 subcarriers and 3 OFDM symbols. The physical location of a CRU is within the first three OFDM symbols of a sub‑frame and aligned with the Resource Blocks in frequency domain as shown in Figure 1. Here, each CRU comprises 18 Resource Elements (REs), of which always 14 REs are available for the L1/L2 control channels. This results in a fixed number and a fixed position of REs for the L1/L2 control channels within a CRU within a sub‑frame irrespective of the antenna configuration. In case of having a configuration with less than 4 antennas, the vacant REs are not used by the L1/L2 control channels. The usage of use these REs is FFS. They might be either unused or used by the DL-SCH, since we expect the rate matching for the DL-SCH to be more flexible than the rate matching for the L1/L2 control channel in order to adjust the number of physical channel bits. Regardless of the usage of these REs, the CRU size is identical for all (1, 2 and 4) antenna cases. Although, this approach (mapping part of DL-SCH prior to part of L1/L2 control channel) is not fully in line with the current RAN1 working assumption, we believe that having fixed positions for the L1/L2 control channel mapping for all antenna configurations simplifies the overall design. Moreover, since the UE DL‑SCH buffer has to be dimensioned for the number of REs used for DL-SCH in the first three OFDM symbols, we do not see a drawback in terms of the required UE buffer size as the total number of REs used for DL-SCH is the same regardless of the position. Moreover, we do not see a disadvantage in terms of decoding delay, since the decoding needs to be dimensioned for the worst case in any case, i.e. the L1/L2 control channels mapped up to the third OFDM symbol.
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Figure 1 – Definition and physical resource location of the Control Resource Units (CRUs) for the case with 1, 2 and 4 transmit antennas
In terms of controlling the overall L1/L2 control signaling overhead, we propose to configure the number of CRUs within the system bandwidth, which are actually used for the L1/L2 control channels. This allows for a granularity of one CRU (14 REs) of the L1/L2 control signaling overhead, which we believe is adequate. Figure 2 shows the scenario, when only part of the CRUs is used for the L1/L2 control channels. In this case the CRUs not used for L1/L2 control signaling the may be used as follows:

(a) Data (DL-SCH) or other channels are transmitted (Figure 2 (a))

(b) REs within CRUs are unused and the available transmit power is used for power control of the L1/L2 control channels  (Figure 2 (b)) 

It should be noted, that our design in principle also allows a combination of configuration (a) and configuration (b) within a sub‑frame. Configuration (a) has the benefit of fully utilizing vacant REs for transmitting DL-SCH or other channels. Configuration (b) has the benefit that the power of vacant REs can be utilized for L1/L2 control channels. Note that in case of (a) all UEs in the cell should be indicated which CRUs are used by broadcast signal in order to properly receive the data parts mapped on these resources.
In case of interference coordination, the CRUs used for the L1/L2 control channels may be coordinated such that collisions with neighboring cells are avoided. These unused CRUs are also utilized to adjust the bandwidth agnostic L1 model based on the spectrum bandwidth allocation, which will be decided by RAN4 with a resolution of one RB. 
Another benefit of defining CRUs compared to filling OFDM symbols with L1/L2 control signaling from the beginning of the sub‑frame across the whole system bandwidth can be seen in case of applying CDM of multiple L1/L2 control channels. In this case the chips belonging to the same bit can be easily mapped in a 2‑dimensional (time/frequency) manner and are then located in REs with similar channel conditions in order to maintain orthogonality. 
More details on the multiplexing (CDM) of the individual L1/L2 control channels are discussed in the next section.
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Figure 2 – Overhead control of the L1/L2 control signaling by CRU allocation
2.2 Mapping of the individual L1/L2 Control Channels onto CRUs

Figure 3 shows an example how individual L1/L2 control channels are mapped onto CRUs. Typically, several individual L1/L2 control channels are code multiplexed and mapped to several CRUs. CDM of the L1/L2 control channels has the benefit of suppressing fluctuations of the transmission power in case of power control per control channel [2]

 REF _Ref156105353 \r \h 
[3]. As we expect that at most up to 4 or up to 8 control channels are CDMed, in many cases it is not possible to CDM all L1/L2 control channels within a one of CRU set. Then multiple sets of CDMed control channels are configured, which are FDMed. Figure 3 shows an example for mapping two sets of control channels in a distributed way, where the frequency location of the L1/L2 control channels is configured on a CRU level.
Although we assume variable content sizes of the individual L1/L2 control channels, e.g. for different MIMO modes and configurations or for UL and DL grants, we propose a granularity of one CRU (14 REs) for the L1/L2 control channel sizes in terms of physical resources. However, the total number of the L1/L2 control channel sizes should be limited and considerably less than the number of L1/L2 control channel formats. Therefore, the variable content sizes are compensated by rate matching. This simplifies the mapping and multiplexing of the individual L1/L2 control channels. 
Applying QPSK, code rates around 1/3 and a spreading factor of 4, four CRUs carry ~10 information bits of each of the four L1/L2 control channels. Assuming that the payload sizes of the downlink L1/L2 control channels for larger systems bandwidths are around 50 bits, this yields about 20 CRUs for four L1/L2 control channels. Further, assuming a second set of code rates of ~1/6 for supporting link adaptation of the L1/L2 control channel besides power control, 40 CRUs are required for four L1/L2 control channels. The total number of CRUs required to carry the L1/L2 control channels varies depending on the number, the contents sizes, spreading factor and coding rate.
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Figure 3 – Multiplexing of L1/L2 control channels
3 Logical Receiver Model and Configuration

In this section we propose the definition of logical UE receiver model and its configuration, since in our view a definition of the L1/L2 control channel configurations from a receiver perspective provides a more straightforward definition than from a transmitter perspective. That is, although all UEs need to know which CRUs are used for DL-SCH (by broadcast), it is not necessary for each UE to know the mapping of all L1/L2 control channels onto the CRUs. The UEs only need to decode the CRUs (control channels), which are indicated by higher layer signaling. Such indication and UE behavior allows for a smoother introduction of additional functionalities in future releases as it allows indicating that some of the time/frequency resources does not need to be received by the first generation of LTE terminals. 
Based on the basic concept used in HSDPA, where the UE has the capability to decode four HS-SCCHs, we recommend that a UE has 16 control channel decoders (CC decoders) for decoding the individual L1/L2 control channels. Each decoder is configured by higher layer signaling with respect to the following parameters:

· Link (UL or DL)

· Content and format of the control channel (e.g. MIMO mode)

· Size of the control channel (physical resource size)

Parameters such as modulation scheme (QPSK) and coding scheme (Convolutional Coding, mother code rate 1/3) are fixed.
Taking into account a 20MHz reception bandwidth, we believe that 16 CC decoders provide a good trade‑off between complexity and performance. The 16 CC decoders are shared between signaling for downlink and signaling for uplink.

Further, we assume that the individual decoders are configured by higher layer like RRC by dedicated or common signaling. One possible approach is that one or a set of baseline configurations are sent on BCH. Individual UEs can then additionally be configured by dedicated RRC signaling.
Figure 4 provides some example configurations.
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Figure 4 – Examples for different UE L1/L2 control channel decoder configurations
Configuration (a) shares the CC decoders equally between downlink and uplink. In case more downlink related control channels are required than uplink related control channels, unequal sharing might be configured, as shown in (b). 

In case multiple coding rates for L1/L2 control channel are configured for one UE (e.g. for link adaptation), different sizes (in CRUs) for each CC decoder are set as depicted in configuration (c). Alternatively, different MIMO configurations may be required for a single UE. In this case different MIMO configurations are set for different CC decoders (configuration (d)).

4 Conclusion

In this contribution we propose a basic multiplexing design for the downlink L1/L2 control channels. In particular we propose the following:

· A mapping of the L1/L2 control channels onto the physical resources, which is based on Control Resource Units (CRU) having a fixed size and position. 

· The L1/L2 control signaling overhead is controlled in terms of CRUs.

· L1/L2 control channels within a set are CDMed utilizing several CRUs and L1/L2 control channel sets are FDMed.

· A logical UE receiver model for decoding the L1/L2 control channels is specified

· A logical UE receiver implements 16 L1/L2 control channel decoders which are configured by higher layer signaling.
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