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1 Introduction
In the previous RAN1-77 meeting, the following working assumption and agreement were made [1]:
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
Agreements:
· 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

In this paper, we discuss the type-1 discovery, focusing on the discovery period structure and configurations, and the discovery resource selection procedure. 
2 Discovery period structure
As shown in the above working assumption and agreements, the discovery period structure shall be flexible to support both multiple (re)transmissions and multiple discovery periods. The definition of multiple (re)transmissions and multiple discovery periods shall be based on some baseline discovery period, which is called discovery period, and in this paper we refer to other discovery periods as extended discovery periods. The discovery period structure is shown in Figure 1.
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Figure 1: Illustration of discovery period structure

Multiple (re)transmissions of a MAC PDU:

The motivation of multiple (re)transmissions of a MAC PDU is to enhance the link level performance through soft combining to improve the discovery transmission coverage. The soft combining of the multiple (re)transmissions can bring significant performance gain as shown in Fig. 2 (the simulation conditions are listed in the annex). We can see that in case of path loss of 130dB, the successful decoding probability is about 80% and 98% for single transmission and 2 transmissions, respectively. 
On the other hand, multiple transmissions of a MAC PDU have a cost in the form of increased channel selection collisions, especially when the user density is large relative to the total number of discovery channels. The collisions will persist over the multiple transmissions due to the deterministic relationship among the resource mappings for the multiple transmissions. 
It may be desired that the type-1 discovery resource pool configuration is relatively static, since frequent reconfiguration will negatively impact the operations of cellular UEs, D2D UEs, and eNBs. In this case, given the fixed discovery resource pool, if the user density is low relative to the size of the discovery resource pool, the eNB can configure multiple transmissions per MAC PDU. The total number of transmissions per discovery period could for example be 2 or 4. 
As defined in the working assumption, for type 1 discovery, the UE performs random selection only for the first discovery resource. The other discovery resources are deterministically associated with the first discovery resource. To alleviate the half-duplex constraint and near-far effect, the following commonly discussed deterministic relationship among different transmissions could be used
· next_nf =  (nf + floor(Nf/2) ) modulo Nf

· next_nt = (nt + nf) modulo Nt 
with
· (nt, nf): (time, frequency) resource in the current discovery period, 

· Nf number of freq resources per subframe,
· Nt number of subframes per discovery period
Regarding the FFS either contiguous or non-contiguous in time domain for retransmissions, contiguous configuration may be preferred due to the following considerations:
· Contiguous configuration of the multiple transmissions could reduce the discovery latency, although the latency in discovery is not so important. 

· Contiguous configuration of the multiple transmissions within the discovery period is beneficial in limiting the impact to the cellular system (i.e., less fragmentation of the cellular resources in the time domain). 
· With the contiguous configuration of the multiple transmissions, the energy consumption of the D2D UEs could be reduced due to the possibility for a longer DRX period. 
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Figure 2: 

Based on the above discussions, the following is proposed:
Proposal-1: Contiguous configuration of the multiple transmissions within the discovery period is used. 

Proposal-2: The maximum number of multiple transmissions in a discovery period is 2 or 4 and is configured by the eNB. 
Proposal-3: the following deterministic relationship could be used for resource mapping of different transmissions of a MAC PDU
· next_nf =  (nf + floor(Nf/2) ) modulo Nf

· next_nt = (nt + nf) modulo Nt 
with
· (nt, nf): (time, frequency) resource in the current discovery period, 

· Nf number of freq resources per subframe,
· Nt number of subframes per discovery period
3 Type-1 Discovery resource selection
As agreed in previous meetings, periodic resources are configured by the eNB for type-1 discovery. In order to reduce the impact on the eNB, cellular UEs and D2D UEs, it is desired that the periodic resource configuration is relatively static (i.e. the timescale to update it is relatively long). 
On the basis of the configured periodic type-1 discovery resource, the eNB broadcasts the relevant configuration parameters through e.g. SIB signaling. In particular, the multiple transmissions of a MAC PDU within a discovery period or a cell-specific extended discovery period is configured by the eNB based on its knowledge on the discovery user density (which may be obtained from the ProSe server). 
For the type-1 discovery UEs, as per the configured discovery resource and the configuration signaling, the UEs will make random channel selection in the first discovery resource set (in case of multiple transmissions in a discovery period), or in the discovery resource pool within the extended discovery period. In the former case, the UE shall make the retransmissions on the particular discovery resources in the subsequent discovery resource set in the discovery period according to the deterministic hopping pattern. In the latter case, note that the basic discovery period is a special case of the extended period.
The random channel selection could effectively alleviate the half-duplex constraint and in-band emission interference in the D2D discovery.
4 Conclusions
In this paper, we discuss the discovery period structure and discovery resource selection for the type-1 discovery. Based on the discussions, we have the following proposals. 
Proposal-1: Contiguous configuration of the multiple transmissions within the discovery period is used. 

Proposal-2: The maximum number of multiple transmissions in a discovery period is 2 or 4 and is configured by the eNB. 
Proposal-3: the following deterministic relationship could be used for resource mapping of different transmissions of a MAC PDU

· next_nf =  (nf + floor(Nf/2) ) modulo Nf

· next_nt = (nt + nf) modulo Nt 
with
· (nt, nf): (time, frequency) resource in the current discovery period, 

· Nf number of freq resources per subframe,
· Nt number of subframes per discovery period
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Appendix

Link level simulation conditions

	Parameters
	Values

	Discovery message size
	256-24 bits 

	CRC size
	24 bits

	Discovery resource unit
	Two PRB-pairs, each including 2 RS symbols and 11 data symbols.

	Discovery detection
	Soft combining

	Turbo coding
	Different RVs used for different transmissions. 

Decoding algorithm: MAX-Log-MAP, 

Number of iterations: 8

	Antenna numbers
	1 TX and 2 RX

	Fading channel
	SCM UMi with dual mobility, 3kmph

	Channel estimation
	LMMSE estimator

	SNR
	Per-subcarrier SNR
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