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1. Introduction

In [1] regarding to the UL/DL control signalling, it was agreed that “Common control signalling structure for FDD/TDD” and “indication of UL subframe to which the resource assignment relates to by adding explicit signalling to the scheduling information”. In this paper, we further discuss some aspects related to the UL/DL control signalling of TDD operation, briefly.
2. Discussion about DL control signaling resources and capacity
In case of FDD operation, normally it is one UL/DL scheduling grant allocates one UL/DL subframe for one UE in a known UL/DL subframe position as dynamic scheduling by L1/L2 control signalling. Or one UE could be allocated multiple UL/DL subframes in all known UL/DL subframe positions by (semi-) persistent scheduling by L3 signalling. In case of TDD operation for both frame structure type 1 and 2, when number of DL subframes are more than number of UL subframes per each UL/DL allocation period or duty cycle
, the same scheduling methods of dynamic scheduling as in FDD could be applied directly to TDD by implicit mapping of UL/DL scheduling grant with known UL/DL subframe positions or explicitly inserting UL subframe index into the UL scheduling grant signaling to indicate which UL subframe is allocated, as exemplified in Figure 1. 
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Figure 1, example of DL>UL, TDD FS 2, A: implicit mapping, B: UL subframe Index

When number of DL subframes are less than number of UL subframes, the similar method could be applied as well while the concerns raised on whether the DL control signaling resources are enough or not for dynamic scheduling case, provided that number of dynamic scheduled UL UE per UL subframe may still be comparable as they are in FDD operations (e.g. N per UL subframe) thus average UL scheduling grants per DL subframes (2.5*N) become more than those in FDD (N). An example is shown in figure 2, compare with FDD with same amount of UL subframes, only 2 DL subframes available to transmit scheduling grant.
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Figure 2, example of DL<UL, TDD FS 2
To address above-mentioned concerns, a few options might be considered:

a) Schedule less DL UEs per DL subframe, thus leave room for more UL UEs scheduled
b) Increase the DL control resources, (from current maximum 3 OFDM symbol per subframe to more), to allow more UL UEs scheduled
c) Keep the scheduled DL & UL UEs per DL control signaling resources unchanged, by increasing frequency allocation size to UL UE (in average 2.5 times)
It is our understanding that above 3 options are not exclusive to each other as such, we may first consider options a) and c), as they are not standard impacted, to see how much the concern of less DL control resources could be alleviated, afterwards we could decide whether and how many more DL control resources (in the granularity of one OFDM symbol) are needed to keep the system performance not degraded.
3. UL scheduling considerations
With the natural of TDD, it is likely that at most one (effective) DL/UL CQI report per duty cycle and at most one (effective) UE buffer status report per duty cycle. And in many cases, there is a need and motivation to schedule more than one consecutive or non-consecutive UL subframes to one UE per duty cycle, e.g. for the users requiring high data rate, or for the users having link budget problem, instead of unlimited increase the frequency allocation size, allocation of multiple UL subframes per duty cycle may help on peak data rate, cell coverage, better granularity to exploit frequency scheduling gain, better chance to exploit frequency diversity gain. (Note, these list gain may not be achieved together in every cases.) It is more than obviously that multiple UL subframes can be allocated by sending multiple UL scheduling grants with each allocation of one UL subframe, or sending one or very few UL scheduling grant with each allocation of more than one UL subframes. We may herein name them as single-TTI scheduling and multi-TTI scheduling, respectively.
It is our understanding that both single-TTI and multi-TTI UL scheduling bring benefits in certain aspects of different scenarios w.r.t. TDD control signaling design, complexity, performance etc., thus we’d prefer to have more further study on both approaches so that overall picture is not missed and in the best cases, these 2 approaches could be effectively combined so that the system has only one or very few format to flexibly achieve single and/or multiple UL TTI allocation when needed. This is also inline with the agreement “How many bits are needed to be added the UL scheduling information for the explicit signaling, and what exactly to signal” in [1].
4. Conclusion

This contribution discussed some aspects of control signalling design for EUTRA TDD with the overall target remains to be “common control structure for FDD/TDD”, while DL/UL asymmetric allocation cases were analyzed. Additionally, it is proposed to further study the usage of single-TTI and multi-TTI scheduling for UL. 
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5ms TDD frame








� Duty Cycle: the UL/DL period including one pair of switching point, e.g. DDUUU (D=DL, U=UL)





