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1 Introduction

In RAN1#73[1], it was concluded that

· It is assumed that D2D operates in UL spectrum (in the case of FDD) or UL subframes of the cell giving coverage (in the case of TDD except when out of coverage)

· Use of DL subframes in the case of TDD can be studied further

· It is assumed that D2D transmission/reception does not use full duplex on a given carrier

Based on the above conclusions, D2D and cellular communications share the same UL resources which may require careful consideration of various issues such as intra-UE collision, inter-UE interference and TX-RX/RX-TX switching in the design of D2D subframes. This contribution will consider such issues which are expected to be discussed in RAN1#75 under section 6.2.8.1.2 [2].  

2 Discussion:
In case of Intra-cell D2D operations, all D2D UEs are in a cell served by a single eNB and the cell may be operating either in FDD or TDD modes. 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.
In this contribution, we consider some carefully selected scenarios for timing analysis to show the worst case inter-UE collision and inter-UE interference arising due to sharing of UL resources between cellular and D2D operations.

2.1 Timing analysis for intra-cell D2D operations

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 transmissions. We also consider the maximum separation between UE1 and UE2, d3, is 1.5 miles consistent with the basic operations outlined in A.4.2.1 of [3]. The distances between eNB1 and UE1 or UE2 are denoted by d1 and d2 respectively.
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Figure 1: Intra-cell D2D operation in either FDD or TDD system.
The worst case subframe collision and/or interference is expected to occur when d3=d2-d1 and the timing analysis diagram for a FDD system is shown in Figure 2 for this case. A receive D2D subframe always arrives either later than or aligned with (worst case) the end of previous UL subframe. In this case, a guard period is required at the start of D2D subframe for TX-RX switching if there was an UL transmission in the previous subframe. In case there is a UL subframe or a change in the direction of D2D subframe (TX to RX or RX to TX) in the following subframe, then there is a need for a guard period at the end of the D2D subframe to account for collision and RX-TX/TX-RX switching.  
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Figure 2: Timing analysis diagram for a FDD system.
In case of a TDD system, the timing analysis diagram for the worse case is shown in Figure 3. Transmitting or receiving a D2D subframe immediately after receiving special subframe require no additional guard period at the start of the D2D subframe because technically UpPTS region in cellular TDD subframe is sufficient to absorb collisions (maximum overlapping region of 16.1 micro-seconds) and special subframe GP can be sufficient for RX-TX switching. However, similar to FDD case considered above, in case there is a UL subframe or change in the direction of D2D subframe (TX to RX or RX to TX) in the following subframe, then there is a need for a guard period at the end of the D2D subframe to account for collision and RX-TX/TX-RX switching.
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Figure 3: Timing analysis diagram for a TDD system.
Observation 1:
	Subframe Type for intra-cell D2D operation
	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 TDD UL subframe or D2D subframe with the same connection with opposite transmission direction.

	Type3: Guard period only at the start
	· Immediately prior subframe is UL subframe, AND
· Immediately following subframe is either D2D subframe of the same connection with same transmission direction or TDD DL subframe.

	Type4: Guard period at the start and end
	· Immediately prior subframe is UL subframe , AND

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


Proposal 1: To consider intra-cell D2D operation in both TDD and FDD systems when designing D2D subframes.
2.2 Timing analysis for inter-cell D2D operations

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. 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.
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Figure 4: Inter-cell D2D operation in either FDD-FDD or TDD-TDD or FDD-TDD configurations.
In case the two D2D UEs operate in FDD/FDD mode, the worst case timing diagram shall look like Figure 5. According to the timing analysis, the front of a receiving D2D subframe may overlap with the back of immediately prior UL subframe or D2D TX subframe over a period of 18.33 micro-seconds. To account for such collisions and TX-RX switching, there is a need for a guard period at the start of a D2D subframe. Furthermore, the latter part of a receiving D2D subframe can collide with the front of an immediately following UL subframe or D2D TX subframe over a period of 34.43 micro-seconds. Therefore there is a need for a guard period at the end of a D2D subframe to account for such collisions and RX-TX switching.
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Figure 5: Timing analysis diagram for a FDD-FDD system.
The worst case scenario where there is a maximum D2D subframe collision will happen in a TDD-TDD system is shown in Figure 6. The front of a receiving D2D subframe may overlap with the latter part of either a TDD special subframe or an UL subframe over a period of 18.33 micro-seconds. The special subframe can technically absorb such collisions, but there is a need for a guard period at the start of a D2D subframe to account for a collision if there was a UL subframe immediately prior to that subframe and TX-RX switching. Furthermore, if there is a D2D TX subframe (/D2D RX subframe) or UL subframe scheduled immediately following a reception (/transmission) of a D2D subframe, then there is a guard period required to account for collision over a maximum of 34.43 micro-seconds and RX-TX switching time.
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Figure 6: Timing analysis diagram for a TDD-TDD system.
In case the two D2D UEs operate in FDD-TDD mode, the worst case timing diagram shall look like Figure 7 where the worst case timing diagram for TDD-FDD mode is shown in Figure 8. Based on the analysis it can be observed that a guard period will be required at the start of a D2D subframe only if there is an UL subframe immediately prior to the receiving D2D subframe. Moreover, a guard period is required at the end of a D2D subframe if there is an UL subframe immediately following the receiving D2D subframe. Although not shown in these specific examples, a guard period will be required at the end of a transmitted D2D subframe having an immediately following D2D subframe with opposite direction to account for collision and RX-TX switching time at the receiver of that D2D subframe.
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Figure 7: Timing analysis diagram for a FDD-TDD system.
[image: image8.emf]SF0 -U SF1 -U SF3 -U SF5 -U SF6 -U SF8 -U

SF0 -D SF1 -D SF2 -D SF3 -D SF4 -D SF5 -D SF6 -D SF7 -D SF8 -D SF9 -D

SF0 -D SF1 -D SF2 -D SF3 -D SF4 -D SF5 -D SF6 -D SF7 -D SF8 -D SF9 -D

SF0 -U SF1 -U SF2 -U SF3 -U SF4 -U SF5 -U SF6 -U SF7 -U SF8 -U SF9 -U

SF0 -D SF1 -S SF2 -U SF3 -U SF4 -U SF5 -D SF6 -S SF7 -U SF8 -U SF9 -U

SF0 -D SF1 -S SF2 -U SF3 -U SF4 -U SF5 -D SF6 -S SF7 -U SF8 -U SF9 -U

SF0 -D SF1 -S SF3 -U SF5 -D SF6 -S SF8 -U

eNB#1 TX-RX

eNB#2 TX-RX

UE#1 RX

eNB#1 –UE#1 RX 

propagation delay

UE#1 TX

eNB#2 –UE#2 RX 

propagation delay

UE#2 RX

UE#2 TX

UE#2 TA

UE#1 TA

D2D-TX SF4 D2D-TX SF7

D2D-TX SF2 D2D-TX SF9

D2D-RX SF2 D2D-RX SF9

UE#1 TX –UE#2 TX timing difference

UE#1 RX –UE#2 TX propagation

D2D-RX SF4 D2D-RX SF7

UE#1 TX –UE#2 RX propagation

UE#2 D2D TX –align with UE2 TX timing

UE#1 D2D TX –align with UE1 TX timing

D2D RX –depend on UE2 TX timing + D2D propagation

D2D RX –depend on UE1 TX timing + D2D propagation

MAX @ 16.38 + 10 = 26.38 microseconds

MAX @ 8.05 microseconds

MAX @ 8.05 microseconds

MAX @ 16.38 + 8.05 + 10 = 34.43 microseconds

MAX @ 16.38 + 8.05 + 10 

= 34.43 microseconds

Overlapping MAX @ 16.38 -8.05 + 10 = 18.33 microseconds

MAX @ 10 microseconds

eNB#2 –eNB#1 timing offset

MAX @ 8.05 microseconds

Overlapping 34.43 –32.76 = 1.67 microseconds

Collision absorbed 

by special 

subframe

Collision and RX-TX 

switching

Collision and TX-RX 

switching


Figure 8: Timing analysis diagram for a TDD-FDD system.
Observation 2:

	Subframe Type for inter cell D2D operation
	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 UL subframe. 

	Type3: Guard period only at the start
	· Immediately prior subframe is UL subframe, 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, 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 2: To consider inter-cell D2D operation in FDD-FDD, TDD-TDD, FDD-TDD and TDD-FDD systems when designing D2D subframes.
3 Conclusion
In this contribution, we considered some carefully selected scenarios for timing analysis to show the worst case inter-UE collision and inter-UE interference arising due to sharing of UL resources between cellular and D2D operations.

The following observation and proposals were made.

Observation 1:

	Subframe Type for intra-cell D2D operation
	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 TDD UL subframe or D2D subframe with the same connection with opposite transmission direction.

	Type3: Guard period only at the start
	· Immediately prior subframe is UL subframe, AND
· Immediately following subframe is either D2D subframe of the same connection with same transmission direction or TDD DL subframe.

	Type4: Guard period at the start and end
	· Immediately prior subframe is UL subframe , AND

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


Proposal 1: To consider intra-cell D2D operation in both TDD and FDD systems when designing D2D subframes
Observation 2:

	Subframe Type for inter-cell D2D operation
	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 UL subframe. 

	Type3: Guard period only at the start
	· Immediately prior subframe is UL subframe, 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, 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 2: To consider inter-cell D2D operation in FDD-FDD, TDD-TDD, FDD-TDD and TDD-FDD systems when designing D2D subframes.
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