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1 Introduction

In RAN1#76 [1], following working assumptions were made regarding D2D transmission (both communication and discovery):

From the perspective of a single UE:

· No DTX period is introduced solely to aid switching for the case when a UE switches from uplink transmission to D2D reception 

· In the event of a time domain conflict between UL WAN transmission and D2D transmission and/or reception and/or switching, UL WAN transmission is always prioritized

· The last symbol(s) of a D2D transmission can consist of a gap

· The size of the gap is FFS between ½, 1 and 2 symbols – revisit at RAN1#76bis

· FFS whether the size can depend on cell size – revisit at RAN1#76bis

· FFS whether the gap is created by puncturing or rate matching

· FFS whether, and if so how, the receiver is made aware of the presence (and length if variable) of the gap

· FFS in which circumstances the gap exists

· No DTX period is introduced solely to aid switching for the case when a UE switches from D2D transmission to D2D reception, nor from D2D reception to D2D transmission. 

This contribution provides a comprehensive analysis of the size of the transmission gap/guard period required for D2D communication and the circumstances in which the gap exists by considering intra-UE collisions and inter-UE interference arising due to sharing of UL resources. 
In addition, we propose four types of D2D subframes for being dynamically selected by D2D transmitter and simply and implicitly understood by D2D receiver without any signalling.  
2 Discussion

In case of Intra-cell D2D operation, all D2D UEs are in a cell served by a single eNB and the cell may be operating either in FDD or TDD mode. On the other hand, D2D UEs may be scattered across two cells each of which may be served by a separate eNB, i.e. inter-cell D2D operation,  and in this case,  the D2D UEs may form a system of FDD-FDD, TDD-TDD or FDD-TDD. Thus we observe that both intra-cell D2D operation and inter-cell D2D operation should be considered when deciding on a transmission gap/guard period for D2D communication. 
Observation 1: Both inter-cell D2D operation and intra-cell D2D operation should be considered when deciding a transmission gap/guard period for D2D communication.

In the following sections, we analyse the transmission gap requirement for intra-cell D2D operation and inter-cell D2D operation when sharing UL resources for D2D communication. Since current working assumption precludes transmission gap for Tx-Rx/Rx-Tx switching, the following analysis concentrates only on the subframe collisions. 
2.1 Analysis for Intra-cell D2D Communication
Figure 1 illustrates a scenario where two D2D UEs, UE1 and UE2, are within the coverage of eNB1 operating in either FDD or TDD modes. It is assumed that UE1 and UE2 have active timing advance values provided by eNB1 for cellular communications which is used also as reference timing for D2D communication. We also consider the maximum separation between UE1 and UE2, d3, is 1.5miles consistent with the basic operations outlined in A.4.2.1 of [2]. The distances between eNB1 and UE1 or UE2 are denoted by d1 and d2 respectively. The worst case subframe collision and/or interference is expected to occur when d3=d2-d1=2.414 km (1.5 miles).
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Figure 1: Intra-cell D2D operation in either FDD or TDD system
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Figure 2: Timing analysis diagram for a FDD system

The worst case timing analysis diagram for a FDD system is shown in Figure 2. In Figure 2, UL subframe#2, UL subframe#4, UL subframe#7, UL subframe#8 and UL subframe#9 are assumed to be allocated for D2D communication where UE2 performs D2D Tx in UL subframe#2, UL subframe#8 and UL subframe#9 while UE1 performs D2D Tx in UL subframe#4 and UL subframe#7. In this arrangement propagation delay between UE1 and UE2 becomes 8.05µsec (2.414×103/3×108) which happens to be the same as the Tx timing difference between UE1 and UE2 (UE2 TA – UE1 TA). According to Figure 2, received D2D subframe#2 at UE1 may align with the cellular UL timing at UE1. Therefore, no collision occurs at this instance and no transmission gap is required at the beginning or the end of the D2D subframe. However, subframe collisions may occur at two other instances (collision 1.1 and collision 1.2) as shown in Figure 2. The worst case timing analysis at each collision is as below.

Collision 1.1:
· Received D2D subframe at UE2 in subframe#4 is 16.1 µsec (Tx timing difference + propagation delay) delayed than the corresponding cellular UL subframe of UE2. 
· Therefore, received D2D subframe#4 collides with cellular UL subframe#5 at UE2 for 16.1 µsec. 
· Thus, a guard period of at most 16.1 µsec (~495Ts) is required at the end of the transmitted D2D subframe having immediately following UL subframe to account for possible D2D Rx and WAN Tx subframe collision at the D2D receiving side. 
Collision 1.2:

· Received D2D subframe#7 collides with transmitted D2D subframe#8 for 16.1 µsec at UE2. 
· Thus, a guard period of at most 16.1 µsec (~495Ts) is required at the end of the transmitted D2D subframe having an immediately following D2D subframe with opposite direction to account for D2D Rx and D2D Tx subframe collision at D2D receiving side. 
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Figure 3: Timing analysis diagram for a TDD system

The worst case timing analysis diagram for TDD system is shown in Figure 3. In Figure 3, UL subframe#2, UL subframe#3, UL subframe#4, UL subframe#7 and UL subframe#9 are allocated for D2D communication where UE2 performs D2D Tx in UL subframe2, UL subframe#4 and UL subframe#9 while UE1 performs D2D Tx in UL subframe#3and UL subframe#7. In this arrangement also propagation delay between UE1 and UE2 becomes 8.05µsec (2.414×103/3×108) which happens to be the same as the Tx timing difference between UE1 and UE2 (UE2 TA – UE1 TA). 
According to Figure 3, subframe collisions may occur at four instances. The worst case timing analysis for each collision is as below.

Collision 2.1:

· Received D2D subframe#2 at UE1 may align with the cellular UL Tx timing at UE, however, it may collide with the cellular DL reception of the special subframe#1 for up to UE1 TA value. 
· Since UpPTS region of the special subframe is sufficient to absorb this collision, no guard period is required at the beginning of the transmitted D2D subframe immediately following a cellular special subframe to account for subframe collision at the D2D receiving side. 
Collision 2.2:
· Received D2D subframe#3 at UE2 is 16.1 µsec (Tx timing difference + propagation delay) delayed than the corresponding UL timing of UE2. 
· Therefore, received D2D subframe#3 collides with transmitting D2D subframe#4 at UE2 for 16.1 µsec. 
· Thus a guard period of at most 16.1 µsec (~495Ts) is required at the end of the D2D subframe having immediately following D2D subframe with opposite direction to account for D2D Rx and D2D Tx subframe collision at D2D receiving side. 
Collision 2.3:

· Received D2D subframe#7 at UE2 is 16.1 µsec (Tx timing difference + propagation delay) delayed than the cellular UL timing of UE2. 
· Therefore, received D2D subframe#7 collides with cellular UL subframe#8 at UE2 for 16.1 µsec. 
· Thus a guard period of at most 16.1 µsec (~495Ts) is required at the end of the transmitted D2D subframe having immediately following cellular UL subframe to account for D2D Rx and WAN Tx subframe collision at D2D receiving side. 
Collision 2.4:

· Received D2D subframe#7 at UE2 may collide with the cellular DL reception of the special subframe#6 up to UE1 TA which may be absorbed by the UpPTS region of the special subframe#6.
Observation 2:
For intra-cell D2D communication in FDD and TDD systems, a guard period of at most 16.1 µsec (~495Ts) is required at the end of the transmitted D2D subframe:
· having immediately following UL subframe to account for D2D Rx and WAN Tx subframe collision at D2D receiving side.  
· having immediately following D2D subframe with opposite direction to account for D2D Rx and D2D Tx subframe collision at D2D receiving side.
2.2 Analysis for Inter-cell D2D Communication

Figure 4 illustrates inter-cell D2D communication scenario where UE1 and UE2 are within the coverage of eNB1 and eNB2 respectively each of which may be operating independently as either FDD or TDD systems. It is assumed that UE1 and UE2 have active timing advance values provided by their respective eNBs for cellular communications which is used also as reference timing for D2D transmissions. Similar to intra-cell case, the maximum separation between UE1 and UE2, d3, is assumed to be 1.5miles (2.414 km). Without loss of generality, we also assume that UE1 is located close to eNB1 with 0×TA and UE2 is located at a distance corresponding to a maximum timing advance for that cell, i.e. 63×TA where TA= 16.Ts and Ts=1/(15000*2048). Moreover, a maximum timing offset of 10 micro-seconds is assumed between the two eNBs [3].  
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Figure 4: Inter-cell D2D operation in either FDD/FDD or TDD/TDD or FDD/TDD configurations
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Figure 5: Timing analysis diagram for a FDD-FDD system

When two D2D UEs operate in FDD/FDD mode, the worst case timing diagram shall look like Figure 5. In Figure 5, UL subframe#2, UL subframe#4, UL subframe#7, UL subframe#8 and UL subframe#9 have been allocated for D2D communication between two UEs where UE1 performs D2D transmission at UL subframe#4 and UL subframe 7 and UE2 performs D2D transmission at UL subframe#2, UL subframe#8 and UL subframe#9. 

In this arrangement also propagation delay between UE1 and UE2 becomes 8.05µsec (2.414×103/3×108). However, the Tx timing difference between UE1 and UE2 becomes 26.38 µsec as follows:
UE1 Tx- UE2 Tx timing difference = (UE2 TA/2) + eNB2-eNB1 timing difference


                                          = (63×16×Ts/2) + 10 µsec = 16.38 µsec + 10 µsec = 26.38 µsec
According to Figure 5, subframe collisions may occur at four instances which are analysed below. 
Collision 3.1:

· Received D2D subframe#2 at UE1 collides with the cellular UL subframe#1 at UE#1 for 18.33 µsec (26.38µsec – 8.05 µsec).
· Therefore, a guard period of at most 18.33 µsec (~564 Ts) is required at the beginning of a transmitted D2D subframe immediately following a UL cellular subframe to account for WAN Tx and D2D Rx subframe collision at the D2D receiving side.
Collision 3.2:

· Received D2D subframe#4 at UE2 collides with the cellular UL subframe#5 of UE2 for up to 34.43 µsec (16.38 + propagation delay).
· Thus, a guard period of at most 34.43 µsec (~1058 Ts) is required at the end of the transmitted D2D subframe having an immediately following cellular UL subframe to account for D2D Rx and WAN Tx subframe collision at the D2D receiving side.
Collision 3.3 and 3.4:

· Received D2D subframe#7 at UE2 collides with the transmitted D2D subframe#8 of UE2 for up to 34.43 µsec (16.38 + propagation delay).
· Furthermore, the transmitted D2D subframe#7 at UE1 collides with the received D2D subframe#8 at UE1 for up to 18.33 µsec (26.38µsec – 8.05 µsec).
· Thus, a guard period of at most 34.43 µsec (~1058 Ts) is required at the end of the transmitted D2D subframe having an immediately following D2D subframe with opposite direction to account for D2D Rx and D2D Tx subframe collision at D2D receiving side. 
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Figure 6: Timing analysis diagram for a TDD-TDD system

Figure 6 illustrates the worst case timing diagram for TDD/TDD system. In Figure 6, UL subframe#2, UL subframe#3, UL subframe#4, UL subframe#7 and UL subframe#9 are allocated for D2D communication where UE2 performs D2D Tx in UL subframe#2, UL subframe#4 and UL subframe#9 while UE1 performs D2D Tx in UL subframe#3and UL subframe#7. Similar to FDD/FDD system, propagation delay between UE1 and UE2 is 8.05µsec and the Tx timing difference between UE1 and UE2 is 26.38 µsec. 
According to Figure 6, subframe collisions may occur at five instances. The worst case timing analysis for these collisions is as follows.

Collision 4.1 and 4.2:

· Received D2D subframe#2 at UE1 collides with the cellular special subframe#1 at UE1 for up to 18.33 µsec.

· Transmitted D2D subframe#2 at UE2 collides with the cellular special subframe#1 at UE1 for up to 32.76 µsec.

· Since UpPTS region of the special subframe is sufficient to absorb this collision, no guard period is required at the beginning of the transmitted D2D subframe immediately following a certain cellular special subframe such as subframe#1 to account for WAN and D2D subframe collision at the D2D transmitting/receiving side.
· Given that, in the case of TDDD eIMTA, different UL-DL configurations may be configured at each eNodeB, subframe#6 may happen to be cellular DL subframe on eNB1 and special subframe on eNB2 and vice versa.
· Receiving a D2D subframe immediately after receiving a cellular TDD DL subframe may result in subframe collision of maximum 18.33µsec (similar to Collision 4.1) between cellular TDD DL subframe end and D2D RX subframe start. 
· Transmitting a D2D subframe immediately after receiving a cellular TDD DL subframe may result in subframe colliding or overlapping of maximum 32.76µsec (26.38+8.05-1.67) between cellular TDD DL subframe end and D2D TX subframe start (similar to Collision 4.2). 
· Thus, a guard period of at most 32.76µsec (~1007 Ts) is required at the beginning of a transmitted D2D subframe immediately following an uncertain cellular special subframe such as subframe #6 to account for WAN and D2D subframe collision at the D2D transmitting and receiving sides.
Collision 4.3:

· Received D2D subframe#3 at UE2 is 34.43 µsec (Tx timing difference + propagation delay+eNB timing difference) delayed than the cellular UL timing of UE2. 
· Therefore, received D2D subframe#3 collides with transmitting D2D subframe#4 at UE2 for 34.43 µsec. 
· Furthermore, transmitted D2D subframe#3 at UE1 collides with the received D2D subframe#4 at UE1 for up to 18.33 µsec. 
· Thus a guard period of at most 34.43 µsec (~1058 Ts) is required at the end of the transmitted D2D subframe having immediately following D2D subframe with opposite direction to account for D2D Rx and D2D Tx subframe collision at D2D receiving and transmitting sides. 
Collision 4.4:
· Received D2D subframe at UE2 in subframe#7 is 34.43 µsec delayed than the corresponding cellular UL subframe of UE2. 
· Therefore, received D2D subframe#7 collides with cellular UL subframe#8 at UE2 for 34.43 µsec. 
· Thus a guard period of at most 34.43 µsec (~1058 Ts) is required at the end of the transmitted D2D subframe having immediately following UL subframe to account for D2D Rx and WAN Tx subframe collision at D2D receiving side. 
Collision 4.5:

· Start of the received D2D subframe#9 at UE1 collides with the end of the cellular UL subframe#8 at UE1 for up to 18.33 µsec. 

· Thus a guard period of at most 18.33 µsec (~564 Ts) is required at the beginning of the transmitted D2D subframe immediately following a cellular UL subframe to account for WAN Tx and D2D Rx subframe collision at the D2D receiving side.
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Figure 7: Timing analysis diagram for a FDD-TDD system

Figure 7 illustrates a scenario where UE1 belongs to FDD eNB1 and UE2 belongs to TDD eNB2 forming a FDD/TDD system. In Figure 7, UL subframe#2, UL subframe#4, UL subframe#7 and UL subframe#9 are allocated for D2D communication where UE2 performs D2D Tx in UL subframe#2 and UL subframe#9 while UE1 performs D2D Tx in UL subframe#4 and UL subframe#7. Similar to FDD/FDD system, propagation delay between UE1 and UE2 is 8.05µsec and the Tx timing difference between UE1 and UE2 is 26.38 µsec.
Three collision instances shown in Figure 7 are analysed below.

Collision 5.1:

· Start of the received D2D subframe#2 at UE1 collides with the end of the cellular UL subframe#1 at UE1 for 18.33 µsec. 

· Thus, a guard period of at most 18.33 µsec (~564 Ts) is required at the beginning of the transmitted D2D subframe immediately following a cellular subframe (TDD special subframe) to account for WAN Tx and D2D Rx subframe collision at the D2D receiving side.

Collision 5.2:

· Received D2D subframe#7 at UE2 collides with the cellular UL subframe#8 at UE2 for 34.43 µsec.
· Thus, a guard period of at most 34.43 µsec (~1058 Ts) is required at the end of the transmitted D2D subframe having an immediately following cellular subframe (UL subframe) to account for D2D Rx and WAN Tx subframe collision at the receiving side.
Collision 5.3:

· This collision is similar to Collision 5.1
· Thus, a guard period of at most 18.33 µsec (~564 Ts) is required at the beginning of the transmitted D2D subframe immediately following a cellular subframe (TDD UL subframe) to account for WAN Tx and D2D Rx subframe collision at the D2D receiving side.
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Figure 8: Timing analysis diagram for a TDD-FDD system

Figure 8 illustrates yet another scenario where UE1 belongs to TDD eNB1 and UE2 belongs to FDD eNB2 forming a TDD/FDD system. Similar to FDD/TDD system, UL subframe#2, UL subframe#4, UL subframe#7 and UL subframe#9 are allocated for D2D communication where UE2 performs D2D Tx in UL subframe#2 and UL subframe#9 while UE1 performs D2D Tx in UL subframe#4 and UL subframe#7. Similar to FDD/FDD system, propagation delay between UE1 and UE2 is 8.05µsec and the Tx timing difference between UE1 and UE2 is 26.38 µsec.

Four possible collision instances shown in Figure 8 are analysed below.

Collision 6.1:

· This collision can be absorbed by the UpPTS region of the special subframe.
Collision 6.2:

· Received D2D subframe#7 at UE2 collides with cellular UL subframe#8 at UE2 for 34.43 µsec.

· Thus, similar to collision 5.2, a guard period of at most 34.43 µsec (~1058 Ts) is required at the end of the transmitted D2D subframe having an immediately following cellular subframe (TDD DL subframe) to account for D2D Rx and WAN Tx subframe collision at the receiving side.

Collision 6.3:

· Received subframe#7 at UE2 collides with the cellular UL subframe#8 at UE2 for for 34.43 µsec.

· Thus, similar to collision 5.2 and 6.2, a guard period of at most 34.43 µsec (~1058 Ts) is required at the end of the transmitted D2D subframe having an immediately following cellular subframe (TDD UL subframe) to account for D2D Rx and WAN Tx subframe collision at the receiving side.

Collision 6.4:

· Start of the received D2D subframe#9 at UE1 collides with the end of the cellular UL subframe#8 at UE1 for 18.33 µsec.
· Similar to collision 5.1 and 5.3, a guard period of at most 18.33 µsec (~564 Ts) is required at the beginning of the transmitted D2D subframe immediately following a cellular subframe (UL subframe) to account for WAN Tx and D2D Rx subframe collision at the D2D receiving side.

Observation 3:

Even though the current working assumption defines a transmission gap only at the end of the D2D subframe, it is observed that there exist subframe collisions at the beginning of the D2D subframes at the transmitting and receiving sides for inter-cell D2D operation. 

Following observation summarises the transmission gap requirement for inter-cell D2D communication as analysed above.

Observation 4:
For inter-cell D2D communication in FDD and TDD systems:
· A guard period of at most 18.33 µsec (~564 Ts) is required at the beginning of the transmitted D2D subframe immediately following a cellular UL (FDD or TDD) subframe or TDD special subframe.
· A guard period of at most 32.76 µsec (~1007 Ts) is required at the beginning of the transmitted D2D subframe immediately following an uncertain cellular special subframe such as subframe #6.

· A guard period of at most 34.43 µsec (~1058 Ts) is required at the end of the transmitted D2D subframe having immediately following cellular UL subframe or a D2D subframe with opposite transmission direction.
2.3 Proposals for D2D subframe Types and their application
Based on the above analysis and our previous contributions [4][5], we propose four different D2D subframe types which may be selected by D2D transmitter and implicitly understood by D2D receiver based on immediately prior and following subframe usage. Table 1 and Table 2 describe the usage of proposed subframe types in intra-cell and inter-cell D2D operation, respectively.

Table 1: Subframe Types for intra-cell D2D Operation
	Subframe Type 


	Application

	Type1: No guard period at the start or end
	· Immediately prior subframe is a TDD special subframe or a D2D subframe with the same connection, AND

· Immediately following subframe is a TDD DL subframe or D2D subframe with the same transmission direction.

	Type2: Guard period only at the end
	· Immediately prior subframe is a TDD special subframe or D2D subframe with the same connection, AND

· Immediately following subframe is a cellular UL subframe or D2D subframe with the same connection with opposite transmission direction.


Table 2: Subframe Types for inter-cell D2D Operation
	Subframe Type


	Application

	Type1: No guard period at the start or end
	· Immediately prior subframe is D2D subframe, AND

· Immediately following subframe is D2D subframe of the same connection with same transmission direction.

	Type2: Guard period only at the end
	· Immediately prior subframe is D2D subframe, AND

· Immediately following subframe is either D2D subframe of the same connection with opposite transmission direction or D2D subframe of other connection or cellular UL subframe. 

	Type3: Guard period only at the start
	· Immediately prior subframe is cellular UL subframe or an uncertain cellular special subframe such as subframe #6, AND

· Immediately following subframe is D2D subframe of the same connection with same transmission direction.

	Type4: Guard period at the start and end
	· Immediately prior subframe is UL subframe or an uncertain cellular special subframe such as subframe #6,, AND

· Immediately following subframe is D2D subframe of the same connection with opposite transmission direction, or D2D subframe of other connection, or UL subframe.


Proposal 1: To consider subframe types listed in Table 1 and their existence scenarios when designing D2D subframes for intra-cell D2D operation in TDD and FDD systems.

Proposal 2: To consider subframe types listed in Table 2 and their existence scenarios when designing D2D subframes for inter-cell D2D operation in FDD-FDD, TDD-TDD, FDD-TDD and TDD-FDD systems.
3 Conclusion

In this contribution we analysed transmission gap requirement of D2D transmission. According to our analysis following observations are made:
Observation 1: Both inter-cell D2D operation and intra-cell D2D operation should be considered when deciding a transmission gap/guard period for D2D communication.

Observation 2:

For intra-cell D2D communication in FDD and TDD systems, a guard period of at most 16.1 µsec (~495Ts) is required at the end of the transmitted D2D subframe:

· having immediately following UL subframe to account for D2D Rx and WAN Tx subframe collision at D2D receiving side.  

· having immediately following D2D subframe with opposite direction to account for D2D Rx and D2D Tx subframe collision at D2D receiving side.
Observation 3:

Even though the current working assumption defines a transmission gap only at the end of the D2D subframe, it is observed that there exist subframe collisions at the beginning of the D2D subframes at the transmitting and receiving sides in inter-cell D2D operation. 

Observation 4:

For inter-cell D2D communication in FDD and TDD systems:

· A guard period of at most 18.33 µsec (~564 Ts) is required at the beginning of the transmitted D2D subframe immediately following a cellular UL (FDD or TDD) subframe or TDD special subframe.

· A guard period of at most 32.76 µsec (~1007 Ts) is required at the beginning of the transmitted D2D subframe immediately following an uncertain cellular special subframe such as subframe #6.

· A guard period of at most 34.43 µsec (~1058 Ts) is required at the end of the transmitted D2D subframe having immediately following cellular UL subframe or a D2D subframe with opposite transmission direction.
Based on the presented analysis four different D2D subframe types, which may be selected by D2D transmitter and implicitly understood by D2D receiver based on immediately prior and following subframe usage (without explicit signalling), are proposed.
Proposal 1: To consider subframe types listed in Table 1 and their existence scenarios when designing D2D subframes for intra-cell D2D operation in TDD and FDD systems.

Proposal 2: To consider subframe types listed in Table 2 and their existence scenarios when designing D2D subframes for inter-cell D2D operation in FDD-FDD, TDD-TDD, FDD-TDD and TDD-FDD systems.
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