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1. Introduction

The resource allocation for type 1 discovery has been discussed for several meetings. The corresponding agreements and working assumption in RAN1#77 meeting are summarized as below.
Agreements:

· If number of information bits transmitted on a discovery resource is not greater than 256 bits a discovery resource consists of 2 or 3 contiguous PRB in frequency and 1 sub-frame without frequency hopping across slots
· FFS: The number of contiguous PRB in frequency, and down selected between “2” or “3”
· For Type 1 discovery: Discovery period is a periodicity of resources allocated in  a cell for discovery transmission
· Multiple discovery periods of different length are possible
· FFS: At any given time whether multiple different discovery periods configured in a cell

· Inter-subframe frequency hopping is supported for D2D data communication, and for discovery and SA transmission if multiple subframe transmission is used

· Details FFS, including: 

· FFS whether the hopping is PUCCH-like or PUSCH-like or something else.

· FFS: Whether or not frequency hopping is used, e.g:

· configurable for Mode 1

· preconfigured for Mode 2

· FFS details of hopping parameters and how they are (pre-)configured

· Intra-subframe frequency hopping is not supported (neither for data communication nor for discovery nor for SA transmission)
Working assumption:

· Repetition (FFS: either contiguous or non-contiguous in time domain) of transmission of a given MAC PDU by a UE within a discovery period is supported

· For Type 1 discovery, UE performs random selection only for the first discovery resource in the set of discovery resources that can be used for the repeated transmissions of the MAC PDU. The other discovery resources are deterministically associated with the first discovery resource.

· FFS: Receiver behavior
In this contribution, we further discuss the resource allocation for type 1 D2D discovery based on the above conclusions, and also update the simulation results based on new payload assumption.
2. Discussion
2.1. Resource unit of discovery message

From the agreement in RAN1#77 meeting, it is FFS whether 2 or 3 PRBs are used as resource unit for discovery with payload assumption of no more than 256bits. In this section, we evaluate the discovery performance based on the two discovery resource units to carry one message of 256bits. The performance with or without repetition are both provided in Figure 1. We can find that even with normal CP, the discovery transmission in unit of 3 PRB-pairs can provide the best performance for different repetition times (RT=0/1). If extended CP is configured, the performance of 3 PRB-pairs is expected to outperform that of 2PRB-pairs more significantly. The resource unit of 3PRB-pairs is also used for further evaluation in the following section.
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Figure 1: The performance with different resource units (64 subframes)

Proposal 1: With the payload assumption of 256bits, the discovery resource unit for one discovery message is 3 PRB-pairs for both normal CP and extended CP.
2.2. Repetition of discovery message
Repetition of one message within a period was allowed as working assumption for discovery. However, the maximal number of repetition as well as the resource allocation for repeated message still needs further study. Also, enhancements to reduce the detection complexity in receiver can also be considered. Those issues are discussed in this section.
To confirm the maximum repetition number, we provide some simulation results on repetition times(RT) in Figure 2 and 3. For case of sufficient discovery resources (64 subframes), two repetition can provide better performance to other values. With larger repetition times, the issue of half-duplex constraint and interference would be serious and degrades the performance. When the resource pool is smaller (32 subframes), more repetition is not expected to provide any benefit. Considering the resource pool size is not likely to be larger than 64 subframes, the repetition time can be configurable between 0 and 1 by eNB for flexible resource allocation.

[image: image2.emf]0 2 4 6 8 10 12 14 16 18 20

70

80

90

100

110

120

130

140

150

160

170

discovery times

Average discovered UE number

Average discovered UE number for different discovery periods

 

 

42x32 3PRBs RT=0

42x32 3PRBs RT=1

42x32 3PRBs RT=2

42x32 3PRBs RT=3


Figure 2: Average number of discovered UEs for different repetition times (32 subframes)
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Figure 3: Average number of discovered UEs for different repetition times (64 subframes)

For type 1 discovery, the repetition number can be signaled via SIB for RRC_CONNECTED and RRC_IDLE UEs. For receivers in the same cell, they can detect the discovery signal within the cell based on the number indicated in SIB. For receivers in neighboring cells, to avoid the blind detection of possible repetition, it is preferred that the repetition number is forwarded to receivers together with the Rx resource pool. These information can be carried by the “PD2DSCH for discovery” as discussed in [1]. It is also proposed that the same repetition number is used for type 1 and type 2 discovery to simplify the detection, in which case the repetition information in PD2DSCH can be used for both types of discovery.
In RAN1#77 meeting, it was also agreed that inter-subframe frequency hopping is supported for type 1 discovery if repetition is used. As shown in Figure 4, the performance is closed for PUSCH-like and PUCCH-like (Figure shows the case that resources are at the edge of PUSCH) frequency hopping assuming that only one repetition is allowed. Considering that frequency hopping is also adopted to SA and data, the specification effort can be simplified for type 1 discovery to reuse the frequency hopping mechanism for SA or data, which is still under study. 
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Figure 4: performance of PUSCH-like and PUCCH-like frequency hopping for repetition

Proposal 2: The repetition number of one message is configurable by eNB between 0 and 1 for transmission. The configuration is signaled/ forwarded to Rx UEs together with Rx resource pool.

2.3. Multiplexing of discovery signal and WAN signal
It was agreed that periodic resource pools were allocated for type 1 discovery, which could consist of a set of subframes or some subbands within subframes. For the latter case, the other subbands can still be used for transmission of cellular PUSCH via FDM. Nevertheless, since the timing of cellular signal and discovery signal is different, additional interference may be introduced by FDM. If several PRBs are reserved as guard band, the resource efficiency would be reduced. Furthermore, cellular signal may be greatly impacted by in-band emission from D2D signal when D2D UEs are closed to eNB. Especially when power control is not introduced for type 1 discovery, even non-cell-central D2D link may impact the cellular transmission. Since discovery resource pool is allocated for a lot of D2D UEs, it is very different for eNB to schedule a cellular transmission without interference from any D2D link. Therefore, FDM between type 1 discovery and cellular transmission is not recommended. The resource pool for type 1 discovery should consist of the whole bandwidth in a set of subframes except the resources for PUCCH. 

Proposal 3: The resource pool for type 1 discovery consists of a set of specific subframes without cellular PUSCH transmission.

3. Conclusion 
In this contribution, we discuss the details of resource allocation for type 1 D2D discovery, and the proposals are listed below.

Proposal 1: With the payload assumption of 256bits, the discovery resource unit for one discovery message is 3 PRB-pairs for both normal CP and extended CP.
Proposal 2: The repetition number of one message is configurable by eNB between 0 and 1 for transmission. The configuration is signaled/ forwarded to Rx UEs together with Rx resource pool.

Proposal 3: The resource pool for type 1 discovery consists of a set of subframes without cellular PUSCH transmission.
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5. Appendix

Table 1: System level simulation assumptions
	Parameter
	Assumption

	Layout
	Hexagonal grid, 3 sectors per site with 19 macro-site with wraparound

Option 1: (Urban macro (500 m ISD) + 1 RRH/Indoor Hotzone per cell) 

	Channel model
	According to TR 36.843 v0.1.0

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Network synchronization
	All eNodeBs are synchronized

	UE antenna configuration
	1 TX 2 RX

	Transmit power
	23dBm, Antenna gain 0 dBi, Noise figure 9 dB

	Number of D2D UEs per sector
	150 UEs

	UE drop for D2D UEs, for discovery
	As described in TR 36.843 v1.0.0

	Discovery Bandwidth
	42RBs

	Repetition pattern
	The repeated discovery signal occupies the same PRB as the first resource in the following discovery subframe

	Discovery subframes number in one period
	16/64

	Discovery signal format
	2 PRBs PUSCH with two slots

	Resource allocation
	Random allocation within each discovery period as baseline;

UE selects the resource offset/period randomly;

	In-band emission
	[W,X,Y,Z] = [3,6,3,3]dB

	Multiple access type
	SC-FDMA

	Modulation type
	QPSK

	Message size
	256bits

	UE mobile speed
	3km/h


Table 2: Link level simulation assumptions
	Simulation Parameters
	Values

	UE antenna configuration
	1 TX 2 RX

	Channel model
	ITU UMI NLOS

	Bandwidth
	10 MHz

	Discovery resource
	3RB PUSCH with two slots

	Multiple access type
	SC-FDMA

	Modulation type
	QPSK

	Discovery message size
	256 bits

	UE mobile speed
	3km/h

	CP type
	Normal CP

	Receiver
	MMSE

	Hopping pattern
	PUCCH-like: symmetrical RBs in bandwidth for continuous subframes

PUSCH-like: hopping across half bandwidth for continuous subframes






















































































