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[bookmark: _Ref301342314]Introduction
During RAN1#76, resource allocation for D2D discovery was discussed and the following working assumption was agreed [1]. In this contribution, we focus on the repetition of Type 1 D2D discovery. On the other hand, according to RAN plenary discussion, RAN1 can focus only on in-coverage D2D discovery.
	Agreements:
· Baseline: For each discovery period, a UE can transmit on a randomly selected discovery resource
· When in-coverage, discovery period and amount of discovery resource(s) are configured by eNodeB
· Other schemes can be considered later
Working Assumption: 
· Further to the baseline agreed above, the following FFS options can be further studied (including number of discovered devices and latency) for a UE’s transmission on a discovery resource (or on a set of resources if repetition is supported):
· Option 1: based on Tx UE transmission period and offset
· Option 2: based on a fixed or adaptive transmission probability derived from a preconfigured/configured nominal transmission probability
· Others
· A discovery resource has a duration of not less than 1ms (FFS if it can be >1ms if required by the final decision on MAC PDU size, in which case it would be a multiple of 1ms and consist of consecutive D2D subframes) and is used for a single transmission of a given discovery MAC PDU by a UE
· TDD special subframe is FFS
· Repetition (either contiguous or non-contiguous) of transmission of a given discovery MAC PDU by a UE within a discovery period is FFS; if supported:
· FFS between:
· The UE performs random selection only for the first resource in the set of discovery resources that can be used for the repeated transmissions of the discovery MAC PDU; the other resources are deterministically associated with the first resource. 
· The UE performs random selection for each resource in the set of resources. 
· The maximum number of repeated transmissions is FFS







D2D discovery transmission resource
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Figure 1: D2D Discovery resources

In our opinion both option 1 and option 2 would help in reducing the collision probability. However, option 2 with transmission probability =1 provides the lowest latency.  Number of discovery resources per discovery period should be large enough for the transmission of the required number of UEs.
Proposal 1:
Option 2 with transmission probability =1 should be the baseline of D2D discovery. In other words, D2D discovery signals should be transmitted every D2D discovery period.

Design considerations of repetition
The issues related to the collisions of D2D discovery signal are as follows.
1) In the case two discovery signals collide, the D2D receiver UE will have low probability in successfully decode the received discovery signals.
2) A discovery signal transmitting UE cannot decode the signal of the other discovery signal transmitting UE if both are using the same resource (half-duplex constraint).
In the case the D2D UEs are unable to decode the discovery signal then it degrades the discovery performance since the receiver UEs have to wait a period for the next discovery attempt. 
In order to minimize the above discovery latency and to improve the discovery signal link performance the repetition of transmission of a given discovery MAC PDU by a UE within a discovery period should be supported.
Proposal 2:
The repetition of transmission of a given discovery MAC PDU by a UE within a discovery period should be supported.

In addition to the above repetition the soft-combining can improve the link performance even more. In order to reduce complexity and use soft-combining we suggest the repetition only support time contiguous allocation and number of 1, 2, 4 and 8 repetitions should be supported (further discussion below in section 4). Figure 2 shows the repetition resource patterns. To simplify the decoding, the RV index should support pre-defined pattern, (0, 2, 3, 1). 
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Figure 2: D2D Repetition resources

Proposal 3:
In order to improve the discovery signal performance soft-combining should be used.
The following working assumption should be supported so that soft- combining can be used: 
· The UE performs random selection only for the first resource in the set of discovery resources that can be used for the repeated transmissions of the discovery MAC PDU; the other resources are deterministically associated with the first resource. 

Proposal 4:
In order to reduce complexity and use soft-combining we suggest the repetition only support time contiguous allocation and number of 1, 2, 4 and 8 repetitions should be supported.
Proposal 5:
 The RV index should support pre-defined pattern, (0, 2, 3, 1).

Repetition gain
In this section we discuss the gain achieved by repetitions. We assumed the repetitions resources are contiguously allocated in the time resource. Further detailed simulation assumptions are described in Appendix A. Figure 3 shows the gain achieved as the number of repetitions increases. As shown in Table 1 as the number of repetitions increases the amount of gain achieved decreases. 


[image: ]
Figure 3: Performance improvement of repetition

Table 1: Repetition gain at BLER = 0.01
	Number of
 transmissions
	Gain

	2
	6.0dB

	3
	3.0dB

	4
	1.5dB

	5
	1.0dB

	6
	1.0dB

	7
	0.6dB

	8
	0.6dB



Conclusions
Proposal 1:
Option 2 with transmission probability =1 should be the baseline of D2D discovery. In other words, D2D discovery signals should be transmitted every D2D discovery period.
Proposal 2:
The repetition of transmission of a given discovery MAC PDU by a UE within a discovery period should be supported.
Proposal 3:
In order to improve the discovery signal performance soft-combining should be used.
The following working assumption should be supported so that soft- combining can be used: 
· The UE performs random selection only for the first resource in the set of discovery resources that can be used for the repeated transmissions of the discovery MAC PDU; the other resources are deterministically associated with the first resource. 
Proposal 4:
In order to reduce complexity and use soft-combining we suggest the repetition only support time contiguous allocation and number of 1, 2, 4 and 8 repetitions should be supported.
Proposal 5:
 The RV index should support pre-defined pattern, (0, 2, 3, 1).



Appendix A: Simulation Assumptions
The physical format of D2D Discovery signal is shown in Figure 4. Simulation assumptions are listed in the Table 2.

 (
D
ata Symbol
)

 (
D
MRS
) [image: ]

[bookmark: OLE_LINK1][bookmark: physical_format]Figure 4: The physical format of D2D discovery signal
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Figure 5: Resource allocation for repetiton

Table 2: Simulation assumptions
	Carrier frequency
	2000 [MHz]

	System Bandwidth
	10 [MHz]

	Channel model
	ITU-R Umi NLOS w/ dual-mobility

	Moving direction of Tx UE and Rx UE
	Uniform Random(-180-180[deg.]),
independently

	Number of Tx Antennas
	1

	Number of Rx Antennas
	2

	Number of RB
	2

	Modulation
	QPSK

	Bit length
	[bookmark: _GoBack]104 bits

	Channel coding
	Turbo coding

	CRC
	24 bits

	RV index
	0 -> 2 -> 3 -> 1

	UE velocities pairs (Tx, Rx)
	(3,3)

	Channel Estimation
	ZF with linear interpolation in time

	Receiver Type
	MRC
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