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1. Introduction

In the RAN1 #74 meeting, it has been agreed that the size of guard periods for tx/rx switching is 624Ts for both tx-rx and rx-tx switching. However, to determine the size of guard periods the propagation delay is also another critical factor. In this document we consider possible propagation scenarios and integrating both the propagation delay and tx/rx switching time to estimate the size of guard period
2.  Guard period size estimation
In figure 1 we depict the first propagation scenario we consider, where UE1, UE2 and eNB are in the same line. The propagation delay from UE1 to eNB is 2 us and the propagation delay from UE2 to eNB is 3 us. The propagation delay between UE1 and UE2 is 1 us. 
The purpose of guard period is to avoid overlap between sub-frames for different use, such as overlap among sub-frames for normal UL, sub-frames for D2D transmission and sub-frames for D2D reception. To consider all possibilities, 6 possible sub-frame switching shall be considered as follows.
1. Normal UL sub-frame switch to D2D Tx sub-frame.

2. D2D Tx sub-frame switch to D2D Rx sub-frame.

3. D2D Rx sub-frame switch to D2D Tx sub-frame.

4. D2D Tx sub-frame switch to Normal UL sub-frame.
5. Normal UL sub-frame switch to D2D Rx sub-frame.
6. D2D Rx sub-frame switch to Normal UL sub-frame.

All the 6 possibilities are included in figure 1, either from UE1 and UE2 perspective. We assume the transmission timing of both UE is the same as their PUSCH transmission timing, it implies the existing timing advanced (TA) is reused.
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Figure 1: Guard period in propagation scenario (a) considering tx/rx switching time.
As we observed in figure 1, for a transmitting UE, there is no need of guard period between Tx sub-frames (sub-frames for normal UL and for D2D Tx). It seems there is always a guard period between sub-frames for Tx and sub-frames for Rx, but the size of guard period is not always equal to the Tx/Rx switching time. It is the Tx/Rx switching time (Ts) plus a variable Tp. It means the size of guard interval shall be equal to Tg = Ts + Tp, where Tp is determined by the timing advanced of each UE and the propagation delay between UEs. 
The Tp can be calculated by Tp = TAr - (TAt – Tp12), where the TAt is 1/2 timing advanced of the transmitting UE while the TAr is 1/2 timing advanced of the receiving UE, the Tp12 is the propagation delay between these UEs. Therefore, if we assume the Ts = 20 us, the UE1 is Tx UE and the UE2 is Rx UE such as the case in the second sub-frame in figure 1, the Tg is equal to Ts + Tp = 20 + 2 = 22 us. On the other hand, if we look at the third sub-frame, where UE1 is Rx UE and the UE2 is Tx UE, the Tg is equal to Ts + Tp = 20 + 0 = 20 us. It implies the maximum guard period of this case is 22 us.
Proposal 1: The size of guard period integrating both Tx/Rx switch time and propagation delay of UEs can be formulated as Ts + (TAr - TAt ) + Tp12.
The second example is depicted in figure 2, where the propagation delay from UE1 to eNB is 1 us and the propagation delay from UE2 to eNB is 2 us. The propagation delay between UE1 and UE2 is 2 us. Following the same transmission timing assumption and sub-frame configuration in figure 1, by the same formula in proposal 1, we can calculate when the UE1 is Tx UE and the UE2 is Rx UE such as the case in the second sub-frame in figure 2, the Tg is equal to Ts + Tp = 20 + 4 = 24 us. When the UE1 is Rx UE and the UE2 is Tx UE such as the case in the third sub-frame in figure 2, the Tg is equal to Ts + Tp = 20 + 0 = 20 us. It implies the maximum guard period of this case is 24 us.
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Figure 2: Guard period in propagation scenario (b) considering tx/rx switching time.
The third example is depicted in figure 3, where the propagation delay from UE1 to eNB is 1 us and the propagation delay from UE2 to eNB is 2 us. The propagation delay between UE1 and UE2 is 1 us. 
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Figure 3: Guard period in propagation scenario (c) considering tx/rx switching time.
Following the same transmission timing assumption and sub-frame configuration in figure 1, by the same formula in proposal 1, we can calculate when the UE1 is Tx UE and the UE2 is Rx UE such as the case in the second sub-frame in figure 3, the Tg is equal to Ts + Tp = 20 + 2 = 22 us. When the UE1 is Rx UE and the UE2 is Tx UE such as the case in the third sub-frame in figure 2, the Tg is equal to Ts + Tp = 20 + 0 = 20 us. It implies the maximum guard period of this case is 22 us.

From the forth example, we consider the cases where the UE1, UE2 and eNB are not in the same line but form a triangle. It is depicted in figure 4, where the propagation delay from UE1 to eNB, the propagation delay from UE2 to eNB and the propagation delay between UE1 and UE2 are 1 us.
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 Figure 4: Guard period in propagation scenario (d) considering tx/rx switching time.
Following the same transmission timing assumption and sub-frame configuration in figure 1, by the same formula in proposal 1, we can calculate when the UE1 is Tx UE and the UE2 is Rx UE such as the case in the second sub-frame in figure 4, the Tg is equal to Ts + Tp = 20 + 1 = 21 us. When the UE1 is Rx UE and the UE2 is Tx UE such as the case in the third sub-frame in figure 2, the Tg is equal to Ts + Tp = 20 + 1 = 21 us. It implies the maximum guard period of this case is 21 us.
The fifth example is depicted in figure 5, where the propagation delay from UE1 to eNB is 3 us and the propagation delay from UE2 to eNB is 4 us. The propagation delay between UE1 and UE2 is 2 us.
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Figure 5: Guard period in propagation scenario (e) considering tx/rx switching time.
Following the same transmission timing assumption and sub-frame configuration in figure 1, by the same formula in proposal 1, we can calculate when the UE1 is Tx UE and the UE2 is Rx UE such as the case in the second sub-frame in figure 5, the Tg is equal to Ts + Tp = 20 + 3 = 23 us. When the UE1 is Rx UE and the UE2 is Tx UE such as the case in the third sub-frame in figure 2, the Tg is equal to Ts + Tp = 20 + 1 = 21 us. It implies the maximum guard period of this case is 23 us.
The last example is depicted in figure 6, where the propagation delay from UE1 to eNB is 2 us and the propagation delay from UE2 to eNB is 4 us. The propagation delay between UE1 and UE2 is 3 us.
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 Figure 6: Guard period in propagation scenario (f) considering tx/rx switching time.
Following the same transmission timing assumption and sub-frame configuration in figure 1, by the same formula in proposal 1, we can calculate when the UE1 is Tx UE and the UE2 is Rx UE such as the case in the second sub-frame in figure 2, the Tg is equal to Ts + Tp = 20 + 5 = 25 us. When the UE1 is Rx UE and the UE2 is Tx UE such as the case in the third sub-frame in figure 6, the Tg is equal to Ts + Tp = 20 + 1 = 21 us. It implies the maximum guard period of this case is 25 us.
From the 6 examples in this section, the maximum guard interval is 25 us. However, we can consider a more general condition from the formula 1 (Ts + (TAr - TAt ) + Tp12) in proposal 1, to obtain another formula to estimate the maximum guard period as max { Ts + |TAr - TAt | + Tp12}.
Proposal 2: The maximum size of guard period integrating both Tx/Rx switch time and propagation delay of UEs can be formulated as max { Ts + |TA1 - TA2 | + Tp}, where TA1 and TA2 are 1/2 timing advanced of UE1 and UE2, the Tp is propagation delay between UEs. 
Via the proposal 2, we can estimate the maximum size of guard period when the worst case ISD is 1732 m (scenario 5). In this case, max {|TA1 - TA2| + Tp} shall be 1732/(3 x 108) = 5.77 us and thus the maximum size of guard period is 25.77 us.
3. Guard period for normal UL sub-frame
From figure 1 to figure 6, when the normal UL sub-frame is followed by a sub-frame for D2D Rx, a guard period which overlaps the tail of normal UL sub-frame may be needed. To resolve it, we can either delay the transmission time of D2D sub-frame (and thus the reception time of D2D sub-frame), or puncture the last symbol of normal UL sub-frame. Considering the fact that, in legacy system for sub-frame with SRS the PUSCH shall not be delivered on the last symbol. We can reuse this feature by letting the last SC-FDMA symbol in a sub-frame preceding D2D Rx sub-frame be the guard period.
Please see our companion contribution R1-134363 for detail information.
4. Conclusion
In this document we have 2 proposals as follows.
Proposal 1: The size of guard period integrating both Tx/Rx switch time and propagation delay of UEs can be formulated as Ts + (TAr - TAt ) + Tp12.
Proposal 2: The maximum size of guard period integrating both Tx/Rx switch time and propagation delay of UEs can be formulated as max { Ts + |TA1 - TA2 | + Tp}, where TA1 and TA2 are 1/2 timing advanced of UE1 and UE2, the Tp is propagation delay between UEs.
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