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1. Introduction

As is well known, see e.g. [1,2], a guard-period is needed at the downlink-to-uplink (DL-to-UL) switch in the TDD mode. The guard-period at DL-to-UL is needed because of round trip propagation delay and propagation delay between eNodeBs that otherwise cause self interference and eNodeB-to-eNodeB interference, respectively.  The UL-to-DL guard-period needed is typically small and can be created by timing alignment of UL transmissions at the receiver and is not discussed further in here.
2. Discussion
It has previously been suggested [2] that guard periods at the DL-to-UL switch, in addition to being created by muting the trailing two symbols of the last DL slot, can be created by letting up to two leading symbols of the subsequent UL transmissions be idle.  This will have the adverse effect that some TDD scenarios will have to be taken into special account when designing the UL control signaling and very large cells are still not supported.   For these reasons it is here discussed how the DL-to-UL guard periods can be created by adjusting the last DL slot preceding an UL slot. 
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Figure 1. Idle periods created by muting up to 5 symbols, possibly muting also the reference symbol. Blue denotes DL and red denotes UL.
In Figure 1 we show how an idle period of up to 356us is created, corresponding to a propagation distance of about 106km. In very large cells having a round trip propagation delay larger than 356us (cell range larger than 52km) the truncation of one to five downlink symbols can potentially be combined with also letting the first UL slot provide additionally 0.5ms guard time. This way cell sizes all the way up to the targeted 100km range and beyond can be supported. In this contribution however we restrict ourselves to study the effect of DL truncation only.
The objection so far to truncating more than two symbols from the last DL slot preceding a DL-to-UL switch, has been that there will be a need to puncture the trailing DL reference symbol (RS) if a guard period of more than approximately 143us is needed to be taken from the DL (corresponding to a propagation distance of 42.8km or larger). We claim that removing the last reference symbol, as illustrated in Figure 1, gives an acceptable performance loss for the cases where a guard period larger than 143us is indeed needed. The motivation for this statement includes the following:

· Only demodulation of the fourth symbol in the trailing DL slot will use channel estimates that are extrapolated further than the last symbol would have been if no idle symbols where used.

· Slow to moderate speed users have little performance degradation when the last RS is truncated as earlier reference symbols carry sufficient information of the current channel for reliable demodulation, detection and decoding.

· High mobility users in large cells, which give the scenario where truncating the reference symbol has the most adverse affect, are not the prime optimization target for the highest data rates. In those cases a lower coding rate will offer robustness to increased bit error probability for the trailing symbols where channel estimates are extrapolated.

· Only for large and extended range cells in TDD systems, reference symbol truncation needs to be taken into consideration at all.

Additionally, in Section ‎3 simulations supporting our proposal are presented.

The obvious way around having to puncture the last RS would be to move it from the fifth symbol position of the slot to an earlier symbol as shown in Figure 2. As moving the RS symbol will give the most dense RS pattern and eliminate the need for extrapolation of channel estimates this will indeed give the lowest error rates. However, this requires support for extra functionality for this specific case and to keep commonality with the FDD mode this should be avoided if the performance loss by not doing so is not too significant. 


[image: image2]
Figure 2. Idle periods created by muting last three symbols and moving last reference symbol to fourth symbol position. Blue denotes DL and red denotes UL.
3. Simulations

	Parameters
	Values, scenario 1
	Values, scenario 2

	Channel

Traffic scenario
	Urban Micro

Single user, full buffer
	Urban Macro 1

Single user, full buffer

	Bandwidth

Constellation

Code rate

No. of Tx/Rx antennas

Chan. est. window, time

Chan. est. window, freq.
	5 MHz (25 RBs)

16-QAM

2/3 

1/1

current TTI

3 Resource blocks
	5MHz (25 RBs)

QPSK

1/2 

1/1

current TTI

3 Resource blocks

	UE velocity
	3, 50, 120 and 350 km/h
	2, 50, 120 and 350 km/h


Next we show some simulations showing the losses incurred by truncating also the reference symbols in the fifth OFDM symbol position of the last slot before a DL-to-UL switch point.

In Figure 3, the block error rates versus SNR (Eb/N0) are shown for different UE speeds, 3km/h, 50km/h, 120km/h, and 250km/h (left to right, top to bottom), as well as for different idle period allocations. The guard periods are either created by 1 to 5 symbol truncations (ST), as shown in Figure 1,  (Green, Magenta, Red, Orange and Purple lines in increasing order of truncation), or by truncation of the 3 last symbols and moving the last reference symbol (RS) in the fifth symbol position to the, as shown in Figure 2, (Blue line). 
 For the low speed UE the difference at 10% block error rate (BLER) is minor, 0.1-0.25 dB. At this order of mobility, the loss can most likely be further reduced by basing channel estimates also on RSs in previous TTIs. 
At 50km/h there is about 0.4-0.5dB loss experienced when loosing the last reference symbol. Also here there is likely some reduction in loss by using also earlier RS for channel estimation if previous TTI is DL. 
At high speed, 120km/h, truncation of the last two symbols does not affect the decoding significantly, nor does the third symbol truncation when the reference symbol is moved to the fourth symbol position. As the pilot symbol is removed to facilitate a longer guard period, however, a loss of about 1.2 dB is shown. As we continue to remove symbols in order to create an extended guard period the BLER drops towards the level achieved without truncation. From this we can conclude that at this high speed and high code rate the coherence time is not sufficient to extrapolate the channel well enough to the last non-truncated symbol for accurate detection and decoding. However, as the detection errors are more likely at the extreme of the extrapolation, a more moderate code rate will significantly reduce the BLER increase due to the reference symbol truncation.
 Looking at the extreme UE speed of 350km/h we observe that at this code rate, even the un-truncated TTI fails to reach the 10% BLER level. Moreover, the coherence time is so short that at this high code rate the BLER decreases significantly as the first trailing symbols are truncated.
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Figure 3. Block error rate versus Eb/N0 for Urban Micro, 16-QAM and high code rate scenario. UE speeds are left to right, top to bottom: 3km/h, 50km/h, 120km/h, and 350 km/h.
In Figure 4 a larger cell is simulated using lower modulation order and a moderate code rate. The low losses of truncating the last reference symbol are again observed for the slow to moderate speed UEs. It can also be seen for the higher speed scenarios that the reduced code rate mitigates a large fraction (compare Figure 3) of the loss incurred by the reference symbol truncation: A 0.5dB loss for 120km/h and 2.5dB for the extreme speed UE.
As expected from the previous section repositioning of the last RS to the fifth symbol position shows a noticeable improvement in Figure 3 and Figure 4 over not moving it when an idle period of 3 symbols is created. However, changing the RS location is not recommended since it requires extra flexibility, is not in line with FDD, and is only beneficial for high speed UEs in large cells.
If a guard period of more than 3 idle DL symbols is needed, the BLER loss by truncating the corresponding number of symbols is less compared to truncating 3 symbols.  Needless to say, the number of transmitted bits in the TTI is of course less the larger the truncation

This can be an acceptable loss for truncating the RS in the cases it is needed.
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Figure 4. Block error rate versus Eb/N0 for Urban Macro, QPSK and moderate code rate scenario. UE speeds are left to right, top to bottom: 3km/h, 50km/h, 120km/h, and 350 km/h.

4. Conclusions
The creation of guard periods at the DL-to-UL switch by means of truncating one to five trailing OFDM symbols in the last DL slot prior to the switch as shown in Figure 1 has been considered. The smaller performance loss associated with truncating the last reference symbol can probably be accepted in systems where there is a need to create a guard period of duration longer than two symbols. The consequences of doing so are most significant for channels that decorrelate over a very short time. As high speed users in large cells are not the primary optimization target for high data rates, adequate throughput can still be achieved also in cases when the scheduler cannot assign DL resources to the high speed users in other subframes.
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