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1 Introduction
In RAN1 #73 meeting, the following were agreed on D2D discovery [1]:
· It is assumed that D2D operates in UL spectrum (in the case of FDD) or UL subframes of the cell giving coverage (in the case of TDD except when out of coverage)

· Use of DL subframes in the case of TDD can be studied further

· It is assumed that D2D transmission/reception does not use full duplex on a given carrier

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

In addition, the performance evaluation methods and parameters for D2D discovery were mostly agreed in the last meeting and subsequent email discussions. Based on this, this paper discusses some initial D2D discovery performance results under the D2D discovery scheme framework in [2]. 
2 D2D Discovery in General 
The D2D discovery transmissions include the discovery signals and discovery channels. As described in [5], the discovery signals could be designed in a similar way to PSS/SSS to provide timing and frequency synchronization, which is especially needed in the partial network coverage and non-network coverage. 
The discovery channels are used to carry the discovery message which could include the device identity, service type identity that the UE could offer or need, possibly together with some other supplementary information that could facilitate D2D operations. The detailed discovery message structuring and size are for further study. 
It is assumed that the discovery channel takes a PUSCH-like structure, where in one subframe duration two (or more) symbols in the time domain are used as reference signals while other symbols are used to carry the discovery packet which goes through channel coding, modulation and DFT-precoding. Considering the potential timing offsets between the transmitted signals of different UEs as discussed in [3], optionally some guard time (e.g., one time symbol) can be reserved at the end of the subframe. An additional benefit of a guard time is that it could facilitate potential transitions between transmitting and receiving in the discovery procedure.

As discussed and agreed in the previous meeting, the discovery transmissions operate in uplink subframes in FDD or TDD. In cellular network coverage, the eNBs can configure partial uplink subframes periodically in time and partial (or full) resource blocks (RB) in frequency for the discovery channels. In the time domain, the discovery subframes can be periodically distributed with localized discovery subframe clusters. The UEs could go to sleep between adjacent discovery subframe clusters to save energy consumption. In the frequency domain, partial or full RBs could be allocated for discovery. In partial RBs allocation with relatively small bandwidth (e.g., 6 RBs), the impact on cellular network operations could be kept to a minimum and at the same time, the half-duplex constraints could be largely alleviated. The drawback of a small bandwidth allocation is that the energy consumption may be larger to some extent due to there being active operations within more time symbols. The advantages and disadvantages are reversed for full bandwidth allocations. Considering that the discovery is generally insensitive to delay to some extent, the discovery channel could be designed to be distributed in multiple discovery subframe clusters, thus achieving time diversity to enhance detection performance. 
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Figure 1: Illustration of the discovery resource configuration (example)

3 Device discovery performance evaluation
3.1 Simulation conditions
The simulations described in this paper are for the D2D discovery with full cellular network coverage. In network coverage, it is assumed that all the UEs, in connected mode or idle mode, are synchronized to their associated eNBs. The eNBs are assumed to be synchronous to each other in time and frequency. 
Two layout options are evaluated in this paper, i.e., option 1 and option 5, as defined by the D2D evaluation methods. In option 1 layout, urban macro cell (with ISD of 500m) with one RRH/Indoor hotzone per cell is used. In option 5 layout, urban macro cell with ISD of 1732m is assumed. Among the three defined suboptions, the suboption with uniform outdoor UEs is used in this evaluation. 

Regarding discovery resource configurations, as discussed in the previous section we assume discovery subframe clusters (DSC) periodically distributed in time and partial RBs adjacent in frequency are configured to be used for discovery. Since different bandwidth configurations have different properties as discussed above, we compared two types of DSC in the evaluation, that is, 6 RBs over 7 subframes (type-1) and 42 RBs over one subframe (type-2). Note that these are just examples for the purpose of comparison in simulation.  
Discovery period/subperiod structuring can be configured by the eNB. In the evaluations, we assume that four DSCs form one discovery subperiod and four subperiods constitute one discovery period. Note that the effective subperiod/period duration can be fully controlled and configured by eNB, e.g., if it is configured that there is one DSC in every eight radio frames, then the subperiod and period will be 320ms and 1.28s, respectively. The UEs can enter sleep mode between DSCs for energy saving. Each discovery channel spans all the subperiods with one discovery channel segment in each subperiod. The distributed constitution of the discovery channel not only can harvest the time diversity, but also could potentially facilitate some form of discovery channel shifting (between different subperiods) to alleviate any negative impact of half-duplex and in-band interference on discovery performance. In case of the discovery channel segment with one RB over one subframe, a heuristic shifting pattern is the simple frequency RB-specific cyclic time shifting (e.g., the discovery channels on the first RB remain unchanged for different subperiods, the channels on the second RB cyclically shift to the right by one subframe every discovery subperiod, and so on). This heuristic shifting pattern is used in the evaluations. In the first subperiod within a discovery period, the user will select the discovery channel autonomously or as instructed by eNB, then the selected channels shift according to the shifting pattern in the rest subperiods. In the evaluations, a random discovery channel selection was used. 
In the evaluations, we assume that the discovery message contains 128 bits (including CRC bits) and the coded and modulated signals are mapped to one discovery channel which consists of four channel segments each spanning one RB over one subframe. If the four redundancy versions defined in LTE for HARQ are respectively mapped to the four channel segments, the effective coding rate is about 0.111 (assuming that in each subframe, two symbols for reference signal and no guard symbol used). 
In addition, in the evaluations, two transmit powers are used (23dBm and 0dBm) to observe the impact of transmit power on the D2D discovery performances.  In the evaluations, in-band interference from cellular UEs and D2D UEs are modeled according to the model defined in [4] to see the impact on the discovery performance. 
The detailed parameter settings in the simulations are listed in the Annex. 
3.2 Simulation results
The simulation results are shown in Figure 2 and Figure 3 for layout option 1 and 5, respectively. In each figure, two cases are compared with different discovery resource configuration, that is, type-1 configuration with discovery subframe cluster (DSC) of 6 RB over 7 subframes and type-2 DSC of 42 RB over 1 subframe.

From the figures, we can observe that type-1 discovery resource configuration achieves better performance than type-2 configuration in terms of the number of discovered neighbors. In detail, with in-band interference taken into account, about 30% (and 50%) more neighbors are discovered with type-1 DSC configuration than with type-2 configuration in 0dBm (and 23dBm) transmission power setting in layout option 1. The performance gap becomes even larger in layout option 5. The benefit mainly comes from the alleviated half-duplex constraints and in-band interference from concurrent discovery users for narrower discovery bandwidth. 
Observation 1: From the perspective of the number of discovered neighbors, a narrower discovery bandwidth brings much better performance than larger bandwidth. 
From the figures, we can also observe that discovery transmission powers have different impacts in different layout options. In detail, with in-band interference taken into account, in layout option 1, about 10~20% more neighbors can be discovered with high transmit power (23dBm) than with low transmit power (0dBm), while in layout option 5, even much more neighbors can be discovered with high transmit power than with low transmit power. The difference mainly comes from the fact that in sparse user distribution, more transmit power is needed to cover a relatively large range. 
Observation 2: In dense user scenarios, the discovery performance difference is limited between high transmit power and low transmit power transmissions, while in sparse user deployment, high transmit power can bring a significant improvement in  discovery performance. 
In addition, from the figures, we could see that the in-band emission interference generally has an apparent impact on the discovery performance, especially for wider discovery bandwidth and/or higher transmitting power for discovery signals.
Observation 3: The in-band emission interference (from both cellular UEs and D2D discovery UEs) leads to apparent performance degradation, especially for wider discovery bandwidth and/or higher transmitting power for discovery signals.
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(a) DSC of 6 RBs over 7 subframes     (b) DSC of 42 RBs over 1 subframe

Figure 2: results for layout option 1 (DSC: discovery subframe cluster)
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(b) DSC of 6 RBs over 7 subframes     (b) DSC of 42 RBs over 1 subframe

Figure 3: results for layout option 5 with uniform outdoor (DSC: discovery subframe cluster)

4 Conclusions
The D2D discovery performances are discussed for layout option 1 and option 5 (with uniform outdoor) with network coverage, which were obtained based on the agreed D2D evaluation methodologies. From the initial discovery performances, we got the following observations:
Observation 1: From the perspective of the number of discovered neighbors, a narrower discovery bandwidth brings much better performance than larger bandwidth. 

Observation 2: In dense user scenarios, the discovery performance difference is limited between high transmit power and low transmit power transmissions, while in sparse user deployment, high transmit power can bring a significant improvement in  discovery performance. 
Observation 3: The in-band emission interference (from both cellular UEs and D2D discovery UEs) leads to apparent performance degradation, especially for wider discovery bandwidth and/or higher transmitting power for discovery signals.
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Annex

Simulation parameter list:
	
	Non-PS scenario
	PS scenario

	Layout
	Option 1
	Option 5 with suboption of uniform outdoor UEs

	Carrier frequency
	2.0 GHz
	700 GHz

	System BW
	10MHz for FDD
	10MHz for FDD

	Network operation
	100% eNBs enabled
	100% eNBs enabled

	Network synchronization
	All eNodeBs synchronized
	All eNodeBs synchronized

	UE mobility (only for channel models)
	3kmph
	60kmph

	Network deployment
	21 cells (7 sites, 3 sector/site), wrap around

	UE RF parameters
	TX power: 23dBm for non-PS and PS, 0dBm for non-PS and PS for comparison
1 TX, 2 RX antennas, antenna gain 0dBi, noise figure 9dB

	eNB RF parameters
	2 RX antennas, antenna gain 17dBi, noise figure 5dB

	Total number of UE for discovery
	150 UEs per sector (including active UEs that with WAN traffic).

Layout option 1 (150 UEs with 25 active UEs per sector)

Layout option 5 (150 UEs with 10 active UEs per sector for all the 3 suboptions)

	UE dropping for all UE
	For layout option 1

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

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

· 20% UEs are outdoor and 80% UEs are indoor.

For layout option 5 with uniform suboption

· All UEs are randomly and uniformly dropped throughout the macro geographical area.



	Minimum distance between UE and eNodeB
	>=35m (except for Option 6 where it shall be 5m)

	Minimum distance between UEs
	>= 3m

	In-band emission
	According to section 6.5.2.3 of TS36.101

	
	Outdoor to outdoor
	Outdoor to indoor
	Indoor to indoor

	Fast fading channel 


	ITU-R IMT UMi LOS and NLOS


	ITU-R IMT UMi O2I
	ITU-R IMT InH LOS and NLOS

	
	Note: symmetric angular parameters at TX/RX, and dual-mobility

	Path loss model
	O2O: Winner + B1 (Modified). 
	O2I: Winner+ B4 (Modified)
	I2I: InH (36.814) 

	LOS probability
	LOS probability from Winner II, i.e. Plos =min(18/d,1)*(1-exp(-d/36))+exp(-d/36)
	NA
	ITU-R IMT UMi (for InH)

	Shadowing
	7 dB log-normal
	7 dB log-normal
	LOS: 3 dB log-normal

NLOS: 4dB log-normal

	Simulated metric
	CDF of total number of discovered neighbors averaged over all discovery receivers within 2 sites (for reducing simulation load) 
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