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1 Introduction
For the generic frame structure TDD mode, an idle period exists at DL/UL boundaries.  Idle periods required for UL/DL boundaries are accommodated for by timing advance means.  Thus, from a specification point of view, only the DL/UL idle periods need to be specified.

Idle periods are created via DTX of symbols around the DL/UL switching point.  These symbols may be either from the end of the preceding DL subframe, or from the beginning of the subsequent subframe.  Also in the case that more than one symbol is DTX’d, a combination of both is possible.

Proposals in [1], [2] and [3] have been made regarding the nature of the idle periods.  [1] and [2] from RAN1#48 proposed that idle symbols should be designated such as to avoid removal of reference signal energy.  Due to the location of the second reference signal in the 5th OFDM symbol, the proposals suggested that for the case of multiple idle symbols (i.e. large cells), it should be possible to configure the system such that the idle symbols are taken from the end of the downlink and from the beginning of the uplink subframe.  An example from [1] for the case of 5 idle symbols supporting up to 53km cell radius without loss of reference signal energy is shown in Figure 1.  Reference signal energy would however be lost for the case of even larger cells.
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Figure 1
Conversely, the proposal of [3] from RAN1#47bis suggested that idle symbols should be taken from DL only.  An example of this is shown in Figure 2.
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Figure 2
There exists valid motivation for both the UL/DL idle period proposals of [1], [2] and for the DL-only idle period proposal of [3].  Some primary aspects are briefly considered in the following:
Loss of reference signal energy

Assuming the RS symbol positions of Figure 1, the UL/DL approach avoids loss of reference signal energy for cell sizes up to 53km, whereas the DL-only approach incurs a loss of DL reference signal energy for cell sizes greater than 21km.  However, for PUCCH, the number and position of the reference signals is not currently clear.  Several proposals for coherent detection of ACK/NACK include 2 or 3 long blocks per slot for UL RS.  If part of the reference signal energy is placed near the start (or end) of the PUCCH subframe then loss of reference signal energy when using UL idle period insertion becomes less avoidable.
Deficient Sub-frames
Idle periods create deficient subframes which must be handled appropriately by the scheduler.  The ability to create idle periods using both UL and DL symbols allows for the impact of larger idle periods to be spread between two subframes rather than having a heavy impact on only one (DL) subframe.  On the other hand, containing the idle period within one link direction minimises the number of deficient subframes, which could be seen as beneficial.
Uplink Control Signalling
Reservation of UL symbols for the use of idle period necessitates that the physical channel structures put in place for UL control signalling are adaptable to cases both with and without idle symbols (and in the case with idle symbols, in varying number).  This has the potential to complicate the design and also means that UL control signalling formats differ depending upon whether the transmission immediately follows a switching point or not.  A design in which the physical channel structures share as much commonality with FDD as possible is preferred.
On balance, the issue of UL control signalling would appear to provide sufficient motivation to avoid UL idle period insertion if at all possible for generic frame structure E-UTRA TDD.  The issue then becomes a question of whether the loss of DL reference signal energy is acceptable.  Some simulations (see annex 1) suggest that this performance loss can be kept small with appropriate channel estimator design, at least for commonly-occurring speeds up to 120km/h.  However, the impacts on DL performance with less ideal channel estimation assumptions and at higher speeds and higher modulation orders may warrant further investigation.
2 Conclusion

Allowing for the possibility to DTX a portion of the uplink subframe for the creation of an idle period is likely to complicate the UL physical channel design for E-UTRA TDD.  Using only downlink symbols for the creation of the idle period has some performance impact but it is believed that this may be tolerable with appropriate channel estimator design.  The impacts on DL performance with less ideal channel estimation assumptions and at higher speeds may warrant further investigation.
In order to progress, we would suggest that a working assumption is taken in which idle periods are created via DTX of symbols only from the end of the downlink subframe preceding a DL/UL switching point.
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Annex 1
Simulation assumptions:
· 5MHz bandwidth
· Receiver: MRC based on 2 received antennas

· Frequency and time domain filtering are done based on pilot position
· QPSK

· 1 pilot subcarrier per 6 subcarriers

· Pilot positions as per current working assumption (1st and 5th OFDM symbols of each slot)
· TU channel
We use a two-dimensional MMSE channel estimator, which exploits both time and frequency correlation.  Noise variance and UE speed are perfectly known at the estimator.  This is somewhat ideal but provides the lower bound of the degradation, i.e., a less optimal channel estimator would incur a larger degradation.  The loss due to puncturing of the last RS in the subframe is around 0.2dB at 10% BER.
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Figure 3.  3kmph
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Figure 4.  120kmph
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