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1. Introduction
In RAN1 #73 Fukuoka meeting, discovery procedures were discussed based on resource allocation, and two types of discovery procedure were agreed [1].
At least the following two types of discovery procedure are defined for the purpose of terminology definition for use in further discussions/studies (note that these definitions are intended only to aid clarity and not to limit the scope of the study): 

· 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

· Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis

· Type 2A: Resources are allocated for each specific transmission instance of discovery signals

· Type 2B: Resources are semi-persistently allocated for discovery signal transmission

Note that further details of how the resources are allocated and by which entity, and of how resources for transmission are selected within the allocated resources, are not restricted by these definitions. 

In RAN1 #74 Barcelona meeting, further details about discovery were discussed and following agreements were reached [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

· UE transmit their discovery signal and receive discovery signals from other UEs subject to half duplex constraint

· Discovery transmissions can use a message of x bits and/or sequences

· Sequences can be based on PRACH, SRS, and/or PSS/SSS

· Configurations using either or both of the message or sequences are FFS

· FFS if the signal transmitted is SC-FDM or OFDM

Resource allocation schemes have fundamental impact on discovery procedure. In this contribution, more details will be discussed on topics related to resource allocation of D2D discovery. 
2. Resource allocation for Discovery Type 1
Discovery Type 1 refers to the non-UE-specific resource allocation. Resources are allocated either in a cell-specific manner or group-specific manner. As a consequence, it is natural to indicate the resource allocation through a non-UE-specific signaling, e.g. cell-specific signaling such as SIB. Further detail involves both time domain and frequency domain resource allocation.
2.1. Time resource allocation
As mentioned in Section 1, the agreement on resource allocation is to allocate periodic uplink resources for discovery. There might be a number of ways to achieve this with the current LTE specifications. Below we show just a few simple examples.
a) Option 1
Three parameters, period, offset and subframe allocation can be used to indicate the time resources. An example is shown in Fig. 1. The discovery resources period is 160ms and there are 3 subframes in each period for discovery.
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Figure 1 Time resource allocation option 1.
b) Option 2
Resources could also be allocated by 2 parameters, period and offset that indicate the period length and the time resource position within period, respectively. It is more efficient when the resources have a rather short period and each period contains only single time resource, i.e., the allocated period will be limited to several frames, e.g. 20ms or 40ms. The example shown in Fig. 2 allocates time resources with a period of 20ms, and within each period there is only one time resource.
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Figure 2 Time resource allocation option 2
c) Option 3
Cellular uplink HARQ RTT could also be taken into consideration and this may help to avoid the impacts on cellular uplink transmission when D2D-capable UE would transmit discovery signal in the same subframe. When discovery resources are allocated according to uplink HARQ RTT, the scheduler could avoid scheduling uplink transmission of D2D-capable UE on the HARQ process contains discovery resource. The details need a further study.
Proposal 1: reusing subframe allocation schemes in LTE specification has higher priority, while new approaches could also be considered if necessary.
2.2. Frequency resource allocation
In frequency domain, two options are possible, depending whether multiple resources could be allocated simultaneously. 
In the first option, at most one discovery resource can be allocated in frequency domain per discovery subframe. Major motivation of this restriction is to limit the detection complexity of monitoring the discovery signal, especially when announcing UEs are asynchronous. The indication of the resource allocation can be similar to PRACH RB allocation in FDD.
Alternatively, multiple discovery resources can be allocated in one discovery subframe, i.e. different discovery signals may be multiplexed in frequency. These resources can be either continuous or discontinuous. Such multiplexing of discovery signal packs the discovery resources in time domain, which is helpful to mitigate the impact on legacy cellular scheduling caused by the resources partitioning. As discussed above, the detection complexity should be carefully studied. Regarding to the resource signaling, the method used for TDD PRACH resource indicating or the resource allocation methods used for shared channel scheduling can be reused.
Proposal 2: to consider the frequency multiplexing of discovery signals. The detection complexity should be carefully studied.
3. Resource allocation for Discovery Type 2
For Type 2, discovery resources are allocated in a UE-specific manner, which means RRC connection with E-UTRAN for D2D UE is required to get the discovery resource indication. It may be, however, too inefficient and inflexible to require all monitoring UEs to be in RRC connection when performing discovery signal detection. From this perspective, applying UE-specific resource allocation only to announcing UE is more reasonable, while it may be adequate to indicate a discovery resource pool for monitoring UEs in idle mode. For example, resource allocation indication can be divided into two parts, one for the discovery resource pool while the other for the UE-specific resource allocating. 
Since discovery resource pool is shared by multiple UEs, it is prefer to use similar resource allocation schemes discussed in Section 2. The UE-specific resource allocation may be a little different. According to RAN1 agreements, Type 2 can be further classified as follows. 
3.1. Resource allocation for Type 2A
For Type 2A, resources are allocated for each specific transmission instance of discovery signals, which is quite similar to the RACH transmission triggered by DCI. Consequently, it is prefer to reuse the RACH transmission triggering mechanism to indicate announcing UE the resource for the one transmission instance of discovery signals, i.e. use L1 signaling to trigger or allocate the discovery signal transmission. 
3.2. Resource allocation for Type 2B
Type 2B is a semi-persistent allocation used for multiple transmission instances. The allocated resources can be a subset of the discovery resource pool. It is reasonable to allocate UE-specific resources in a periodic manner, which facilitates the monitoring UEs to carry out the detection. In Fig. 3, the semi-persistently allocated UE-specific resources have the same period as that of the discovery resource pool, the UE-specific resources.
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Figure 3: Semi-persistent UE-specific resource allocation with the same period as that of discovery resource pool
Another example is shown in Fig. 4 where the period of discovery resource pool is 20ms while period of UE-specific discovery resource is 60ms.
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Figure 4: Semi-persistent UE-specific resource allocation spanning multiple periods of discovery resource pool
For Discovery Type 2B, it is preferable to use RRC signaling to perform the semi-persistent resource allocation to L1 signaling. 
Proposal 3: for discovery type 2, allocation of UE-specific resources can be based on the allocation of discovery resource pool. 
4. Resource allocation regarding cross-cell discovery
For the resource allocation of cross-cell UE discovery, it quite depends on the synchronization assumption between neighboring cells. In TDD where synchronization is required, the cross-cell allocation makes sense. However in FDD if clocks of neighboring cells are totally asynchronous (at subframe level), the cross-cell allocation becomes less meaningful. 
As discussed in RAN1 #74 meeting, two options were agreed to meet the requirements of cross-cell discovery [2]. 
· For inter-cell discovery, synchronous and asynchronous cells deployments should both be studied

· The following two options for inter-cell discovery can be considered, including their potential applicability in different scenarios

· By directly or indirectly achieving information about the other cell synchronization reference timing 

· By decoding/detecting asynchronous discovery messages/signals without necessarily prior knowledge of the associated message/signal’s synchronization

· The detailed solution is FFS
For in-network scenario, the monitoring UEs apply the timing offset with respect to the serving cell's clock to locate the actual timing window in which the discovery signals of neighboring cell UEs transmitted as shown in Fig. 5. It seems more feasible from the perspective of power consumption, especially when distribution of discovery resources is rather dispersed in time. 
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Figure 5: Example for monitoring UE acquiring neighbor cell’s discovery resource allocation
Proposal 4: for in-network coverage, the monitoring UE acquires neighboring cells’ timing and discovery resource allocation to perform discovery. 
5. Application scenarios and numerical results
In the following, discovery performance of different discovery types is studied. In RAN1#74, it is agreed that discovery transmissions can use either a message and/or sequences. In the following simulations both are considered. The number of discovered UEs and UE-UE discovery distance are the two performance metrics. We evaluate two deployment environment, one being resource-limited, i.e., with 6 RBs allocated in each discovery subframe, and the other without resource-limitation, i.e., all PUSCH RBs allocated in each discovery subframe. In both scenarios one discovery subframe is allocated every 100ms. Remaining simulation parameters and configurations can be found in the appendix.
a) Performance of sequence based discovery
For sequence-based discovery, preamble of LTE RACH format 0 is used in the simulation and 6 PRBs are allocated in each discovery subframe. Performance results are shown in Fig. 6 and Fig. 7.
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Figure 6: Discovered UE numbers of Discovery Type 1 and Type 2, sequence
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Figure 7: UE-UE discovery distance CDF of Discovery Type 1 and Type 2, sequence
It can be seen that for sequence-based discovery, Type 2 discovery performs better than Type 1discovery when there is certain resource limitation, 6 PRBs per discovery subframe.
b) Performance of message based on discovery
Here the discovery signal has the same structure of LTE PUSCH and each discovery signal fills one RB pair and with a payload of 104bits. The results of scenario without resource limitation are shown in Fig. 8 and Fig. 9.
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Figure 8: Discovered UE numbers of Discovery Type 1 and Type 2 without resource limitation, message
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Figure 9: UE-UE discovery distance CDF of Discovery Type 1 and Type 2 without resource limitation, message
The results of scenario with resource-limitation are shown in Fig. 10 and Fig. 11.
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Figure 10: Discovered UE numbers of Discovery Type 1 and Type 2 with resource limitation, message
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Figure 11: UE-UE discovery distance CDF of Discovery Type 1 and Type 2 with resource limitation, message
It is seen that in the case of without resource limitation, two discovery types perform similar. However, when resources are limited, Type 2 discovery performs better.
From the above results it seems difficult to judge which discovery type is better. In fact, besides the performance, there might be different application scenarios for different discovery types. For general discovery, both type 1 and type 2B are applicable; while discovery type 2A may have specific usage.
6. Summary
In this paper, D2D discovery was discussed based on resource allocation, and numerical performances were studied based on simulation. We have following proposals regarding the study of discovery in the next.
Proposal 1: reusing subframe allocation schemes in LTE specification has higher priority, while new approaches could also be considered if necessary.
Proposal 2: to consider the frequency multiplexing of discovery signals. The detection complexity should be carefully studied.
Proposal 3: for discovery type 2, allocation of UE-specific resources can be based on the allocation of discovery resource pool. 
Proposal 4: for in-network coverage, the monitoring UE acquires neighboring cells’ timing and discovery resource allocation to perform discovery. 
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Appendix
	Parameter
	Assumption/Value

	Network layout
	Option 1

	Inter-site distance (ISD)
	500 m

	Outdoor to outdoor pathloss
	1. O2O pathloss uses Winner+ B1 pathloss (PL_B1) with:

a. h_BS = h_MS = 1.5m

b. h_BS’ = h_MS’ = 0.8m

c. LOS offset = 0 dB

d. NLOS offset = -5 dB (used to reduce pathloss)

2. Total O2O pathloss is given by PL_B1_tot = max(PLfreespace, PL_B1)

	Outdoor to indoor pathloss
	a. LOS: PL_B1_tot(d_out+d_in) + 20.0 + 0.5*d_in

b. NLOS: PL_B1_tot(d_out+d_in) + 20.0 + 0.5*d_in - 0.8*h_MS

	Indoor to indoor pathloss
	InH (Table A.2.1.1.5-1 in 36.814) 

	LOS Probability
	Outdoor to outdoor
	Winner II-B1

	
	Outdoor to indoor
	ITU-R IMT UMi

	
	Indoor to indoor
	ITU-R IMT UMi for InH

	Shadowing
	Outdoor to outdoor
	7 dB log-normal

	
	Outdoor to indoor
	7 dB log-normal

	
	Indoor to indoor
	LOS: 3 dB log-normal

NLOS: 4dB log-normal

	Penetration loss
	Outdoor to outdoor
	0dB

	
	Outdoor to indoor
	20dB

	
	Indoor to indoor
	In the same building: 0dB
In the different buildings: 40dB

	Fast fading
	Refer to R1-133909

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz 

	Dropping
	1) 2/3 UEs randomly and uniformly dropped within the clusters of small cell(s).

2) Remaining 1/3 UEs randomly and uniformly dropped throughout the macro geographical area.

3) 20% UEs are outdoor, and 80% UEs are indoor.

4) 150 UEs per cell

	Antenna configuration
	1TX，2Rx

	Discovery Period
	1 Discovery sub-frame per100 ms

	Discovery Resource
	6 or 46 RBs used per discovery sub-frame

	Mini. distance between UE and Macro
	35 m

	Minimum distance between UEs
	3 m

	UE power class
	23 dBm

	BS noise figure
	5 dB

	UE noise figure
	9 dB

	Discovery signal type
	Sequence based: PRACH Format 0

Message based: QPSK, code rate = 0.1885
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