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1. Introduction 

In the RAN WG1 #44bis meeting, contribution [1] summarized email reflector discussion results on mapping downlink control signaling to physical channel resource. Here we further the discussion on the mapping of Cat. 1 signaling for downlink data scheduling, with considerations on interference co-ordination. In a brief summary, we propose to define several physical control channels (PSCCH) by frequency partition. 
2. Discussion 

In the reference [1], the time/frequency structure of control channel is listed and compared. TDM is good for micro sleep, while FDM is good for power balancing between control channels and other channels. Figure 1 and Figure 2 show examples of TDM/FDM control channels, and partition frequency into several PSCCH. In Figure 1, two distributed PSCCH share the same band. 
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Figure 1 Frequency partition example for TDM control
The number of OFDM symbols for control is only for illustration purpose, pilot is not shown
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Figure 2 Frequency partition example for FDM control
The number of OFDM subcarriers for control is only for illustration purpose, pilot is not shown
A single large physical control channel in each subframe is awkward and inefficient.  Partition of control channel in frequency domain provides several benefits:
 1. Provide a straightforward solution to accommodate UE’s minimum max-reception capability (10 MHz) in case of 20 MHz system bandwidth; 
2. Partition can reduce control channel demodulation cost since UE can monitor only a subset of physical control channels; 
3. Partition in frequency domain is friendly to interference co-ordination schemes, which is important to improve the coverage of control channels. The detailed analysis for Soft Frequency Reuse (SFR) [2] will be presented in Section 3. 
Therefore, we propose to divide the frequency band for control channel into several parts, and each part represents one Physical SCCH (PSCCH). For example, 20 MHz may be divided into 16 1.25MHz localized blocks, which is compatible with the smallest system bandwidth. Each UE can monitor a subset of the PSCCH. Other kinds of partition are also possible. If we want to accommodate a larger code block and for better frequency diversity, 20 MHz may be divided into four 5MHz bands, and each 5MHz band is multiplexed by 2 distributed PSCCH. But the latter scheme loses compatibility with 1.25MHz system bandwidth. 

Control information in each PSCCH may be jointly coded or independently coded for each user. Each PSCCH may control only the corresponding part of data PRB, or larger part of data PRB.
3. Detailed analysis on interference co-ordination
Assuming CQI based power control is applied, how SFR can be combined with TDMed/FDMed control channel is discussed. Depending on whether data channel and control channel from difference cells will interfere with each other, we can discuss two situations:
· Orthogonal control channel and data channel between cells
In a synchronized network, for TDMed control channel, or FDMed control channel with the same subcarriers for control channel in difference cells, data channel and control channel are orthogonal between cells. 
· Overlapped control channel and data channel between cells

For the TDMed/FDMed control channel with asynchronous network, or FDMed control channel with at least partly different subcarriers for control channel in difference cells, data channel and control channel will interfere with each other between cells. 

3.1. Orthogonal control channel and data channel between cells
Interference co-ordination is easier to be done for orthogonal control channel and data channel between cells. The most straightforward idea is that independent frequency planning can be done for control channel, similar to the BCCH in GSM. Of course, SFR is a more spectrum efficient way to improve control channel’s geometry in an interference limited network. The partition of frequency with boosted power and reduced power can be the same as data transmission, or independent from data transmission. 
As Figure 3 shows, the cell edge users with low geometry shall use major sub-band, the band with boosted power, while the cell center users with high geometry can use minor sub-band, the band with reduced power. In practical application, the users or user groups requiring transmit power above a certain threshold shall be assigned to PSCCH on major sub-band; the users or user groups requiring transmit power lower than a certain threshold can be assigned to PSCCH on minor sub-band (Figure 4). Since the sub-band assignment is most probably semi-static, while CQI changes dynamically, sub-band assignment shall be determined by a long term averaging of CQI, and the instantaneous transmit power may not fully obey the threshold. The orange arrow in Figure 4 illustrates such occurrence. The users can be unaware of the band partition and power allocation. 
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Figure 3 Soft frequency reuse for control channel
Compared with SFR for data channel, where the 2 kinds of sub-bands usually use 2 levels of transmit power, SFR for control channel uses many levels of transmit power, depending on the number of users or user groups Figure 4.  Joint coding (grouping of users) may reduce the number of the levels of transmit power. 
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Figure 4 Comparison of power allocation for control channel and data channel
3.2. Overlapped control channel and data channel between cells
Now interference from adjacent cells’ data transmission is inevitable, and vice versa. Therefore, the interference co-ordination scheme shall take both channels into account together. Our proposal is to apply the same kind of SFR sub-band partition, i.e. both of control channel and data channel have the same patterns of major sub-band and minor sub-band. 
One potential problem of the proposed scheme is SFR for control channel may have several levels of transmit power, compared to the 2 levels in SFR for data channel. What’s more, the levels in control channels may change dynamically, while the level in data channel may change semi-statically. Although it is not expected to be a fatal drawback, the detailed behavior is subject to further study. 
4. Text proposal
>>>>>>>>>>>>>>>>>>>>>>>>>START OF TEXT PROPOSAL 1>>>>>>>>>>>>>>>>>>>>>>

7.1.1.2 Channel coding and physical channel mapping
7.1.1.2.X  Downlink L1/L2 control channel structure
For shared control channel, physical control channels (PSCCH) are defined by frequency partition. Each user monitors one or more PSCCH. 
>>>>>>>>>>>>>>>>>>>>>>>>>END OF TEXT PROPOSAL 1>>>>>>>>>>>>>>>>>>>>>>

>>>>>>>>>>>>>>>>>>>>>>>>>START OF TEXT PROPOSAL 2>>>>>>>>>>>>>>>>>>>>>>

7.1.2.6.3
Inter-cell-interference co-ordination/avoidance
The common theme of inter-cell-interference co-ordination/avoidance is to apply restrictions to the downlink resource management (configuration for the common channels and scheduling for the non common channels) in a coordinated way between cells. These restrictions can be in the form of restrictions to what time/frequency resources are available to the resource manager or restrictions on the transmit power that can be applied to certain time/frequency resources. Such restrictions in a cell will provide the possibility for improvement in SIR, and cell-edge data-rates/coverage, on the corresponding time/frequency resources in a neighbour cell.
Different assumptions can be made regarding UE measurements/reporting needed to support downlink interference co-ordination:

· Alternative #1: 
No additional UE measurement and reporting is needed, in addition to CQI reports anyway needed to support channel-dependent scheduling and link adaptation

· Alternative #2: 
Additional UE measurement and reporting of average path loss (incl. shadowing) to current and neighbour cells. Reporting rate: In the order of once every 100 ms.

· Alternative #3: 
In addition to the measurements/reports of alternative #2, additional measurement and reporting of average interference for the frequency reuse sets. Reporting rate: In the order of once every 100 ms. 

Inter-cell interference co-ordination will require certain inter-communication between different network nodes in order to set and reconfigure the above mentioned scheduler restrictions. Two cases are considered:

· Static interference co-ordination
Reconfiguration of the restrictions is done on a time scale corresponding to days. The inter-node communication is very limited (set up of restrictions), basically with a rate of in the order of days.

· Semi-static interference co-ordination
Reconfiguration of the restrictions is done on a time scale corresponding to seconds or longer. Inter-node communication corresponds to information needed to decide on reconfiguration of the scheduler restrictions (examples of communicated information: traffic-distribution within the different cells, downlink interference contribution from cell A to cell B, etc.) as well as the actual reconfiguration decisions. Signaling rate in the order of tens of seconds to minutes.

Inter-cell interference co-ordination scheme shall be applicable to both of data channel and control channel. 
>>>>>>>>>>>>>>>>>>>>>>>>>END OF TEXT PROPOSAL 2>>>>>>>>>>>>>>>>>>>>>>
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