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When we consider a UE at some distance we get the timings illustrated in Figure 1. We see that the total guard consists of the propagation delay and the switch timings for the UE.  Thus we get:
Tguard = 2 TpropDelay + TRx-Tx,Ue + TTx-Rx,Ue.

For cases where the guard period consists of a single OFDM symbol the guard period will be 71.3 us. The propagation delay in a cell with 1.5 km radius is 5 us, which in total results in a round trip delay of 10 us. This leaves a total of 61.3 us for the UE switching.

From figure 1 we can see that for the case where the UE is far from the BS the length of the guard period is determined by the UE Rx-Tx switch time together with the BS Rx-Tx switch time. For the case where the UE is close to the BS, in figure 2, the UE Tx-Rx switch time should be of the same length as for the BS.

One could argue that it would be possible to use the timing advance features to schedule the UE transmissions a little bit earlier and thus relax the requirements on the UE Tx-Rx and BS Rx-Tx switch time however when there are users both far away and close to the BS this is not possible and thus shifting the UE transmissions is not seen as a viable alternative.
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Figure 1 – Timing for a UE distant from the BS
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Figure 2 – Timings for a UE close to the BS.

As a rough figure we propose to allocate 20 us for the UE switching from TX to Rx (TTx-Rx,Ue) and the remaining 40 us to the UE switching from Rx to Tx (TRx-Tx,Ue) [1].
Extra aspects on the BS switch times

There is another aspect that has to be considered when determining the requirements for the BS and that is interference from BS to BS. Since base stations typically are placed above the rooftop and thus the BS-BS propagation conditions are quite good which means that base stations quite far away may create interference.
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Figure 3 – Timings for two BSes interfering each other.

If we first consider the start of the UL slot in figure 3 we must ensure that the interference from other base stations will have ended before the BS starts receiving the UL slot. The total time for this is: T = Tsyncerror + Tprop + TTx-Rx,Bs.  The Tsync is a synchronization error that may occur between base stations. If we assume that the total guard time left after a UE Tx-Rx switch time of 20 us there is 51 us left.  With a 3 us synch error [2] the time left for ramp down and propagation is 48 us. With 10 km propagation of 33 us that leaves 15 us for the BS ramp down.
It is also possible to imagine that a BS that starts transmitting “too early” will interfere with the end of the uplink slot. However the problems are not as difficult since the propagation delay helps to reduce the effects of the timing errors. If we assume that two BS are located close e.g. 200 m, the propagation delay will be 0.6 us. With a synchronization error of 3 us and 20 us switch time for the UE the ramp up time for the BS should be on the order of 17 us.

Summary

In this contribution we have discussed the effect of switch times for both the UE and the BS. With the assumptions made about usable cell sizes etc we arrive at the following times for the UE: 20 us ramp down and 40 us ramp up and for the BS 15 us ramp down and 17 us ramp up.
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