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Summary
Both TDM and FDM control channels are feasible for E-UTRA. The primary attractions of FDM is the ability to trade off data and control data rate through power stealing, as well as the ability (with separate coding) to place DL grants within the “good” RBs of a localized assignment. However, FDM will result in delayed control information, inability to micro-sleep, and increased blind-decoding processing. TDM control works without requiring power stealing (such as increasing code rate), and offers many architectural benefits over FDM (low latency, micro-sleep, no blind decoding, etc.). 
This contribution summarizes the benefits of TDM, and details a hybrid between TDM and FDM that might be worth considering.

TDM vs FDM

Some considerations from [1] are listed below. FDM is typically separate coded, while for TDM both joint and separate are considered.

A very important additional concern is that it is vitally important that any downlink control signaling scheme support not only the DL assignments, but also the UL grants and DL ACK/NACKs. It is not clear how the control not associated with a DL assignment is transmitted using FDM, and what penalty delaying DL ACK/NACK transmission will cause to UL performance.
· Delay – TDM at the beginning of the frame offers reduced latency, as the control information available early. Latency can affect performance, required buffering, and power consumption.

· Micro-sleep – Having a TDM control channel that occupies only the first or first two symbols of a subframe allows a UE to sleep between occurrences of waking up and reading the control channel. Given that the control and receiver circuitry of the UE permits it to wake up within one symbol and go completely back to sleep within one symbol means that a UE could sleep for 2 to 3 symbols of every subframe which would allow a battery life savings of between 2/7 and 3/7 which is quite significant.  A FDM control channel would prevent this battery life savings since it would be required to stay awake the entire 7 symbols of the subframe to read all the potential control channels.

· Overhead - If FDM coding assumes separate coding of the control channels in order to get the benefit of the “better” subcarriers selected for scheduling, then it is also less efficient than joint coding in terms of control overhead.

· Scheduling diversity gain - If the FDM control channels are allocated diagonally across frequency over the 7 symbols of the subframe then it is not possible to obtain a scheduling diversity gain for the downlink scheduling grants. Frequency diversity gain is obtained.

· Link Budget – To achieve a link budget advantage from FDM requires that the power allocated to the rest of the subcarriers across each symbol needs to be reduced which may occur for subcarriers in those resource blocks allocated to UEs very close to the cell. However, there would be a tradeoff between sector throughput performance and control channel reliability in this case as well as reducing scheduling flexibility.

Hybrid Joint/Separate and TDM/FDM

A hybrid combination of TDM/FDM may be possible achieving a desirable tradeoff of all (or many) properties. 

Figure 1 shows an example of combining TDM and FDM for different types of control information. Some part of DL assignment control could be sent with the data in order to use the "better" subcarriers of the data allocation. With this hybrid approach full DL cat1 information may not be necessary in the TDM portion -- i.e. only part of the UEID would be included in the TDM portion and part of a resource allocation indicator field (e.g. 4-bits to indicate where the first resource block is for the given localized allocation). Additional bits that could be considered are distributed/localized indication, and possibly closed loop antenna scheme codebook or bit to indicate dedicated pilots.

In the Figure, the TDM cat 1 information may be jointly coded for additional coding and diversity gain or separately coded for power tradoff between scheduled users. Joint coding may be preferable in order to also handle UL grants and DL ACK/NACKs. Cat 2,3 information should be sent along with the data on the “better” resource blocks. The cat 2,3 information need not be sent on all RBs of an allocation, as shown, but just on a single RB of the DL allocation.
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Figure 1 Hybrid TDM/FDM scheme.
Benefits of hybrid TDM and FDM include

· Reduced Latency & Microsleep

· Avoid blind decoding of 12 (for 5MHz) to 48 (for 20MHz) potential DL resource assignments. Such blind decoding also increases the number of required CRC bits on the separate coded information.
· Provision for providing the necessarily non-beamformed antenna configuration information such that beamforming could be used on both FDM control and data.

· Uplink grants and ACK/NACKs can be sent with frequency diverse coding in the TDM portion
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