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1 Introduction
In RAN1-76 meeting, the following working assumption and agreements were made [1]:
Agreements:

· Baseline: For each discovery period, a UE can transmit on a randomly selected discovery resource.
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
In RAN1-78 meeting, there were a lot of discussions on interference control for the type-1 discovery [2][3][4] and one WF was proposed and discussed [4]. 
In this paper, we discuss resource selection for type-1 discovery through random user grouping and compare with the transmission probability based method. 
2 Discovery resource selection for Type-1 discovery
The baseline type 1 discovery resource selection is autonomous random resource selection by the UE in each discovery period. An inevitable problem with this resource selection method is that collisions can severely degrade the discovery performance, especially when the involved UE density is large relative to the configured type-1 discovery resource pool. The configured discovery resource pool size should be proportional to the number of type 1 discovery UEs. If the resource pool size is over-provisioned, it will have a lot of unused resources.   If the resource pool size is under-provisioned, it will lead to collisions and severely degraded performance. The resource pool size provision is not a trivial task since the eNB is even unaware of the existence of the type 1 discovery UEs in RRC_IDLE state and the distribution of the type 1 UEs in the network.  Moreover, the distribution of discovery UEs might vary in time.  The contention of type1 discovery resource might therefore vary.  It is hence essential to have a collision avoidance mechanism to minimize the collision probability of type 1 resource allocation.  
Thus, we have the following proposal:
Proposal 1: A collision avoidance scheme is needed to control the potential collisions in type 1 discovery. 

User grouping based random discovery resource selection
The user grouping based random resource selection is one candidate scheme to control collisions in type 1 discovery. It is a variant of the baseline resource selection method with only a slight change. For the group based resource selection scheme, the eNB broadcasts a parameter indicating the number of groups into which the discovery UEs are to be divided (denoted as type1GrpNum, e.g., type1GrpNum=2). Type 1 discovery UEs only make the random resource selection in one discovery period out of every contiguous type1GrpNum discovery periods. In this way, the effective number of discovery UEs is reduced (by half, in case of type1GrpNum=2) compared with the baseline resource selection scheme (where the random resource selection occurs in every discovery period for each type 1 discovery UE). 
Another candidate scheme to control the interference in type-1 discovery is based on a persistent control with persistent transmission probability in each discovery period. For example, if the transmission probability is configured to be 0.5, each type-1 discovery UE has a 50% chance to make the random resource selection in each discovery period. 
These two schemes are similar in the sense that in each discovery period, the transmission probability of one UE is reduced deterministically by partitioning UEs into multiple configured groups or statistically by enforcing the persistent transmission probability.  Both schemes have equivalent reduction in the effective UE density during a discovery period. System level simulations were made to compare these two discovery resource selection methods. The simulation results are shown in Figure 1. In the simulations, layout 3 with uniform 150 outdoor UEs per sector is assumed. The detailed simulation conditions and assumptions are listed in the table in the appendix. 
[image: image1.emf]1 2 3 4 5 6 7 8

200

300

400

500

600

700

800

900

No. of discovery period

Number of discovered neighbors

 

 

baseline resource selection

user grouping based selection

transmission prob. based selection


Figure 1: Discovery performance comparison
Observation 1: The performance of the baseline discovery resource selection is greatly improved through using the enhanced resource selection scheme. 
Observation 2: The user grouping based resource selection scheme outperforms the transmission probability based resource selection scheme when the number of discovery periods is larger. 

Other benefits of the user grouping based scheme
There are some noticeable benefits for the user grouping based scheme, listed as follows.

· With this scheme, the collision control for type 1 discovery could be readily implemented by properly configuring the parameter indicating the number of groups without the need to adjust the discovery resource pool configuration (which will impact the cellular operations, D2D operations for both transmitters and receivers, and also potentially impact the inter-cell resource pool alignment). 
· To perform the collision control, the eNB only needs to broadcast the parameter of number of groups via SIB signaling. Generally two bits may be sufficient, thus the signaling overhead is low. 

· The user grouping based collision control has no impact on the operations of the type 1 discovery receiver. The receiver need not know the value of the parameter indicating the number of groups.
· The configuration of user grouping for collision control is cell-specific and in this framework, the different cells could flexibly configure their own numbers of groups as per their specific situations, without any impact on the inter-cell discovery. 
Proposal 2: The user grouping based random resource selection should be supported for type 1 discovery. 
3 Conclusions
In this paper, we discuss collision control for type 1 discovery with the user grouping based random resource selection. The system simulations validated its effectiveness and the benefits of the scheme are appealing. Based on the discussions, the following observations and proposals are provided.

Observation 1: The performance of the baseline discovery resource selection is greatly improved through using the enhanced resource selection scheme. 
Observation 2: The user grouping based resource selection scheme outperforms the transmission probability based resource selection scheme when the number of discovery periods is larger.
Proposal 1: A scheme is needed to control the potential collisions in type 1 discovery .
Proposal 2: The user grouping based random resource selection should be supported for type 1 discovery.
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Appendix

System level simulation conditions

	Parameters
	Values

	Layout scenario
	Layout option 3 with uniform outdoor UEs. 
Synchronous 19 sites (i.e., 57 sectors) with wrap around are assumed.

	Number of UEs 
	150 per sector

	Discovery resource pool
	44 PRBs over 64 subframes

	Discovery resource unit
	2 PRBs over 1 subframe

	(re)transmission number per MAC PDU
	1 (no retransmission used)

	Antenna numbers
	1 TX and 2 RX per UE

	Maximum transmit power
	23dBm

	Carrier frequency
	2.0GHz

	Fading channel
	ITU UMi (as per [5])

	Pathloss model
	As per specification of [5]

	In-band emission
	Used with [W,X,Y,Z]=[0,0,0,0]


