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1 Introduction
At RAN1 #73, two types of discovery procedures were agreed with the type 1 discovery defined as follows [1].

· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis

· Note: Resources can be for all UEs or group of UEs

At RAN1 #74, it was agreed that periodic uplink resources are allocated for type 1 D2D discovery [2].

· Periodic uplink resources are allocated for discovery in a semi-static manner

· For in network allocation can be performed using RRC signaling

· Discovery resources within one period of the allocation are divided into time-frequency resources

· Division can be at least FDM and/or TDM

In this paper, the discussions focus on the discovery channel resource allocation methods for type 1 discovery procedures. Several observations and proposals are given based on the discussions.
2 Discussion of discovery channel resource allocation
Channel resource allocation types:

In type 1 discovery, some periodic uplink resources are configured on a non-UE specific basis for discovery usage. Under a specific resource structuring, the configured discovery resources are organized into a periodical structure on the basis of discovery resource pool, which comprises the available discovery channels for channel allocation/selection. 
For the type 1 discovery procedure, since the resource configuration is performed on non-UE specific basis and UEs may be in RRC_IDLE mode with respect to the network, the selection of the discovery resources for the discovery UEs must be done in a distributed manner, with some potential (limited) control parameters which can be preconfigured in the case of out-of-network coverage, or may be configured by the eNB in the in-coverage case. 
Generally speaking, there are two types of methods for the discovery channel selection by UEs, that is, sensing-based selection method and random selection. In the sensing-based method, discovery UEs will make their channel selection based on the sensing results for the available discovery channel pool (i.e., the least congested channel will be selected). In the random selection method, in each channel selection period, each discovery UE will randomly select a discovery channel from the channel pool to transmit its discovery packet. Generally speaking, if a single selection period is focused on, the sensing-based channel selection can bring fewer collisions, thus may have better discovery performance. However, the sensing-based channel selection methods have several drawbacks:
· Generally, the sensing-based channel selection will hold the selection in the remaining periods. However, the D2D topology is time variant due to the mobility of the UEs. Thus, the channel selection based on sensing will become invalid with the change of D2D topology and the control for the channel reselection based on re-sensing seems difficult due to the various different situations of each UE. 
· 
In the sensing-based channel selection, the UEs at proximate locations may get similar sensing results, thus leading to collisions of channel selection among these UEs. 
For the random selection method, although unavoidably there are some channel selection collisions in one selection period, due to the random selection behavior in each selection period, the selection collisions in one period will be avoided in subsequent period(s) with a high probability. The merits of the random selection method are as follows:
· Since the random selection behaviors within multiple selection periods are independent of each other, this channel selection method is essentially robust to the time variance of the D2D network topology.
· The half-duplex constraint and in-band emission interference have large negative impacts on the discovery performance (as discussed in [3]). With random channel selection, both these impacts can be largely alleviated (e.g., if two UEs randomly select the channels within the same subframe, and thus cannot discover each other, there is a high probability that they select channels in different subframes).
· Discovery is generally regarded as a background procedure and is insensitive to the latency to a large extent. Thus, the collision avoidance of the random selection method over multiple selection periods is feasible and makes sense. 
Proposal-1: For type 1 discovery procedure, the channel allocation/selection for each UE is performed in a distributed manner. Random channel selection is preferred to sensing-based channel selection. 
Hierarchical discovery period structure:

A discovery packet is generally assumed to span one RB in frequency over 1ms duration. We can imagine that the decoding performance of the discovery packet may be limited especially in fading channels, since the discovery messages with size of e.g., 104 bits are carried on such a localized time and frequency resource (i.e., time and frequency diversity are deficient). On the other hand, the periodicity of the discovery resource allocation provides a possibility to achieve combining gains in the discovery packet detection.
The packet decoding performance can be enhanced by combining signals received from multiple transmissions. But the prerequisite for this combining is that the same discovery information message was used in encoding the multiple discovery packets that are transmitted in the multiple transmissions. However, the discovery message may change over time (such as the message type, service related information etc). Thus, a tradeoff needs to be made to simultaneously support combining and the possibility for the discovery message to change over time.
Motivated by these considerations, a hierarchical period structure can be used as shown in Figure 1. Note here one discovery subperiod contains all the available discovery slots of the discovery slot pool, with each discovery slot spanning one PRB over one subframe (other resource unit sizes may be possible for larger discovery message sizes). Each discovery period contains a configurable number of subperiods and the discovery period is the time unit for discovery decisions, thus enabling the discovery packets transmitted within the multiple subperiods to be combined for performance enhancement. In addition, this hierarchical period structure could also provide the capability to support potential variable discovery message size. On top of discovery period, a super-period may be defined, which contains a configurable number of discovery periods. The super-period concept is mainly used in the channel selection procedure, described below. 
Channel allocation based on random selection:
With the hierarchical discovery period structure, the random selection based channel allocation can be performed as follows: 
· In each discovery super-period, each discovery UE selects one (or multiple) discovery periods for its discovery message transmission. The selection of UE for the discovery period(s) can be autonomous and random in order to alleviate the collisions in case of dense UE distributions. Alternatively, the discovery periods within a super-period could correspond to different discovery service types. The UEs can deliberately select specific discovery period(s) corresponding to their service types. The number of discovery periods per super-period and other relevant parameters are preconfigured or configured by eNB through discovery configuration signaling. 
· In each relevant discovery period, the discovery UEs make random discovery channel selection within the first discovery subperiod and hold the selection (in a logical sense) in the remaining subperiods of the discovery period. The purpose of this random selection and then holding is to enable soft combining of the transmissions within the multiple subperiods. The encoding of the discovery message to the multiple discovery packets corresponding to the multiple subperiods can be performed based on the incremental redundancy HARQ using a fixed sequence of RVs to enhance its decoding performance. The number of subperiods per period is preconfigured or configured by eNB through discovery configuration signaling. 
With this random selection of discovery slots, if two proximate UEs collide in their selection (thus others cannot find them), or select different channels within the same subframe (thus these two UEs cannot find each other and the in-band interference from one UE may block the discovery behaviour of the other UE), in the next selection period, there is a high probability that these two UEs select discovery slots within different subframes, and thus the mentioned problems are avoided accordingly. 
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Figure 1: Hierarchical discovery period structure (Note: the resources of each subperiod are be mapped to the LTE uplink resources)
3 Performance evaluations

System level simulations were performed to evaluate the performance of the discovery resource allocation method described in previous section. In the simulations, the agreed evaluation conditions for layout options 1 and 3 described in [4] were used. In addition, we assumed that the discovery pool within the discovery subperiod spans 24 PRBs over 20 subframes. Different configurations of the number of subperiods per period (denoted as M in the figures) and the number of periods per super-period (denoted as N in the figures) are simulated. The simulation conditions are listed in the appendix. 

The simulation results are shown in Figures 2~4. Figure 2 shows the relationship between the average number of discovered neighbours and the average discovery distance with increasing numbers of discovery subperiods in different parameter configurations for layout option 1. Figure 3 shows the results for layout option 3. In Figure 4, the CDFs of the number of the discovered neighbours within one discovery period are shown for the two layout scenarios. 
From the figures, we can make the following observations:
Observation-1: Under the assumed evaluation conditions, the configuration of multiple (two in the simulations) subperiods per discovery period provides discovery performance gains in terms of discovered neighbor number and discovery distance due to the use of soft combining, at the cost of somewhat larger discovery latency. 

Observation-2: Under the assumed evaluation conditions, the configuration of multiple (two in the simulations) discovery periods per super-period provides large performance gains due to collision alleviation, at the cost of some larger discovery latency. 
Observation-3: The hierarchical discovery period structure and random channel selection provide more flexibility to optimize the discovery performance to adapt better to the specific deployment situations. 

Proposal-2: A hierarchical period structureis adopted for discovery resource selection.
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Figure 2: discovery results for layout 1
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Figure 3: discovery results for layout 3
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Figure 4: discovery results within one discovery period
4 Conclusions
In this paper, we discussed the discovery channel resource allocation methods for type 1 discovery procedure. Based on the discussions, the following observations and proposals are given. 
Proposal-1: For type 1 discovery procedure, the channel allocation/selection for each UE is performed in a distributed manner. Random channel selection is preferred to sensing-based channel selection. 

Proposal-2: A hierarchical period structure is adopted for the discovery resource selection.

Observation-1: under the assumed evaluation conditions, the configuration of multiple (two in the simulations) subperiods per discovery period provides discovery performance gains in terms of discovered neighbor number and discovery distance due to the use of soft combining, at the cost of somewhat larger discovery latency. 

Observation-2: under the assumed evaluation conditions, the configuration of multiple (two in the simulations) discovery periods per super-period provides large performance gains due to collision alleviation, at the cost of some larger discovery latency. 

Observation-3: The hierarchical discovery period structure and random channel selection provide more flexibility to optimize the discovery performance to adapt better to the specific deployment situations. 
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Appendix: 
Table 1: simulation conditions

	Parameter
	Assumption

	Macro-cell system level simulation baseline parameters

	Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site, wrap around
Option 1: Urban macro (500m ISD) + 1 RRH/Indoor Hotzone per cell

Option 3: Urban macro (500m ISD) (uniform outdoor UEs)

	Carrier frequency
	2.0GHz

	Pathloss model
	O2O: PL_B1_tot = max(PLfreespace, PL_B1), where
· Winner+ B1 pathloss (PL_B1) with:

· hBS = hMS = 1.5m

· hBS’ = hMS’ = 0.8m
· LOS offset = 0 dB
· NLOS offset = -5 dB

	
	O2I: 
LOS: PL_B1_tot(dout+din)+20.0+0.5(din

NLOS: PL_B1_tot(dout+din)+20.0+0.5(din-0.8(hMS

where din for virtual indoor UE is 1.5m

	
	I2I (same building):
LOS: PL = 16.9(log10(d) + 38.8

NLOS: PL = 43.3(log10(d) + 17.5

	
	I2I (different building):
PL = Max{43.3(log10(d) +17.5, 42.8 (log10(d)+2.7}+ 40

	LOS probability
	Scenarios except I2I:
PLOS=min(18/d,1)((1-exp(-d/36))+exp(-d/36)

	
	Scenarios of I2I:
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	Shadowing standard deviation
	7dB log-normal (O2O, O2I)
3dB log-normal (I2I, same building, LOS)
4dB log-normal (I2I, same building, NLOS)
10dB log-normal (I2I, different building)

	Shadowing correlation
	i.i.d.

	Noise figure
	9 dB

	UE TX power
	23dBm

	Network synchronization
	eNBs are synchronized each other

	Small scale fading
	Used

	In-band emission interference 
	Used, as per the modeling described in [4]

	Discovery resource pool
	24 RBs over 20 subframes

	UE number
	150 per sector

	UE dropping
	Layout option 1:
· 2/3 UEs randomly and uniformly dropped within the clusters of small cell(s) and remaining 1/3 UEs randomly and uniformly dropped throughout the macro geographical area.
· 20% UEs are outdoor, and 80% UEs are indoor

	
	Layout option 3 (uniform outdoor):
All UEs are randomly and uniformly dropped throughout the macro geographical area. All UEs are dropped outdoors. No buildings are dropped


�This doesn’t seem a very convincing argument to be honest, especially if the parameters are preconfigured.
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