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1. Introduction
In this contribution, downlink control design for E-UTRA TDD is proposed.  In the downlink, control signalling comprises of DL/UL scheduling grants and ACK/NACK.  It was decided that downlink control signaling is located in the first n OFDM symbols with n ( 3. In addition, n may be signaled dynamically via cat0 control signalling.  Multiple control channels are used and a UE monitors a number of control channels.
2. Downlink Control Signalling
Currently, each downlink sub-frame has an associated L1/L2 control region.  In TDD system, it is possible to transmit control signalling in only the first downlink sub-frame of each DL/UL allocation.  This is because scheduling decisions can be effectively made at the beginning of each allocation.  Benefits of this approach include –

· Micro-sleep can be maximized for the UE.  
· Some control overhead reduction may be achieved for UEs that are assigned resources in multiple sub-frames.
· Asymmetric DL/UL split can be easily handled. 

However, this approach have several significant drawbacks, including –

· The scheduling grant must be able to address specific sub-frame, thus increasing the number of bits required for each grant.  
· By limiting the control region to only one sub-frame, the maximum number of blind decoding attempts is significantly increased.  
· Since the BCH is transmitted in at least the first DL sub-frame (sub-frame #0), it may not be possible to transmit all control signalling in this sub-frame, especially for the 1.25MHz system bandwidth.  
· Extensive puncturing may be required for the resource blocks in the sub-frames with control signalling.  
As a result, the current control signalling structure for downlink sub-frame may be preferred.
3. Control Channel Structure
Within each sub-frame, control signalling comprises of DL scheduling grants for this DL sub-frame, and UL scheduling grants plus ACK/NACK for one associated UL sub-frame.  Naturally, there should be an implicit mapping between each DL control region to a particular UL sub-frame.  This mapping can be constructed from the DL/UL allocation bitmap conveyed on the D-BCH.  An example is shown in Figure 1 for a symmetric DL/UL allocation within a TDD radio frame.  
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Figure 1. Mapping of UL scheduling grants to UL sub-frame (symmetric DL/UL allocation).
For an asymmetric allocation, the mapping is easily handled when the DL allocation is larger than the UL allocation as shown in Figure 2.  In this case, control regions in some DL sub-frames contain only DL scheduling grants.  Although in these sub-frames ACK/NACK is also not needed, it may be simpler to still reserve those sub-carriers but with the sub-carriers nulled.
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Figure 2. Mapping of UL scheduling grants to UL sub-frame (DL>UL allocation).
When the UL allocation is larger than the DL allocation as shown in Figure 3, some UL sub-frames will not have associated DL sub-frames (e.g. UL sub-frames #8 and #9 in Figure 3).  In this case, two options are possible as described below.
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Figure 3. Mapping of UL scheduling grants to UL sub-frame (UL>DL allocation).
Option 1 – UEs in these UL subframes are scheduled using RRC signalling on DL-SCH.
· No special UL grant channel is needed. However, associated ACK/NACK for these uplink sub-frames still need to be handled separately (i.e. addition ACK/NACK regions must be defined).
· UL scheduling grant overhead is high since 1 DL grant + at least 1 RB are needed to schedule 1 UE in these UL frames. In case of highly asymmetrical allocation (e.g. 30/70 DL/UL allocation), DL capacity may be significantly reduced. The scheduler can try to minimize this overhead by minimizing the number of users scheduled in these UL subframes (e.g. by scheduling users with large amount of data or persistent users).
Option 2 – Create additional L1/L2 control regions (using identical structure to regular control regions) on some DL sub-frames to transmit UL scheduling grants for these subframes.  An example is shown in Figure 4 where two additional control regions are created in DL sub-frame #5.
· Same control structure as regular control region.  Each additional region is associated with a corresponding UL sub-frames.  Both UL scheduling grants and ACK/NACK are included.
· Additional L1/L2 control regions are time multiplexed with regular control region (see Figure 4 for example).  UE will attempt to decode this region separately from the regular control region.  As a result, the maximum number of blind decoding attempts is not increased. 
· Additional L1/L2 control regions may be present in one or more DL sub-frames.  Implicit signalling of the location of these additional control regions can be based on DL/UL map sent on the D-BCH.  This implicit signalling may be defined based on the DL/UL allocation within a TDD radio frame where a particular pattern is defined for each allocation (e.g. one for 30/70 DL/UL allocation).
· RBs in some DL sub-frames must be punctured to accommodate additional control channels.
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Figure 4. Additional L1/L2 control regions to handle asymmetric allocation.

4. Conclusions
Our views on downlink control signalling for E-UTRA TDD can be summarized as follows –

· Identical downlink control signalling structure for FDD/TDD - use the current agreed downlink control signalling structure.

· L1/L2 scheduling grant formats should be identical for FDD/TDD.

· Implicit association between DL control region and UL sub-frame based on the DL/UL allocation bitmap conveyed on the D-BCH.

· For asymmetrical allocation with more UL than DL sub-frames, use either options 1 or 2 to address UEs in asymmetric UL sub-frames.
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