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1 Introduction

At the RAN1 #73 meeting, the following was agreed regarding LTE-based D2D operation [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.

The parameters agreed by RAN1 WG for D2D discovery system-level evaluation as well as performance metrics were captured in [1], [2] and further clarified during offline discussion at the RAN1 e-mail reflector [3], [4]. In this contribution, we provide initial system-level analysis and design considerations of direct device discovery based on the design described in our companion contribution [5] for public safety (PS) specific and general deployment scenarios. Link-level analysis and related Physical (PHY) layer design considerations are presented in our companion contribution [6].
2 System-level Analysis of Direct Device Discovery
In this section, we present a brief description of the direct device discovery protocol based on the design presented in [5] that is studied via system-level analysis. The discovery procedure is evaluated for the following agreed RAN1 WG-agreed deployment scenarios with assumption of a 1-tier network (21-cell network with wrap around): 

1. Outside network coverage: PS specific scenario (Option 5) with 1732m ISD and hotspot (HS) dropping of all outdoor users;
2. Outside network coverage: PS specific scenario (Option 5) with 1732m ISD and an indoor-outdoor mixed (IO) dropping of users with two RRH buildings;
3. Outside network coverage: PS specific scenario (Option 5) with 1732m ISD and uniform (Uni) dropping of all outdoor users;
4. Within network coverage: General scenario (Option 1) with 500m ISD and one indoor hotzone per macro-cell area.
2.1 Description of the Device Discovery Procedure
In this work, a packet-based direct discovery solution to support UE-based open discovery is evaluated with some simplifying assumptions. Since it is expected that the network can intelligently allocate resources for direct device discovery in the Non-Contention-based D2D Discovery Zone (NC-D2D DZ), the impact from contention and resulting discovery performance would be worse in the Contention-based D2D Discovery Zone (C-D2D DZ) than in the NC-D2D DZ. Consequently, for the present evaluations, it is assumed for the within network coverage scenario that all dropped UEs are in RRC_IDLE mode, and therefore, the entire D2D DZ coincides with the C-D2D DZ. For the outside network coverage scenarios, only the C-D2D DZ applies by default. 
As described in [5], for direct device discovery in the C-D2D DZ, a fully distributed random resource selection protocol is followed. Specifically, in each instance of a DZ, ProSe-enabled devices randomly select a discovery resource for transmission of discovery packets. Each ProSe-enabled device listens on every discovery resource within each DZ and tries to decode as many discovery packets as possible, except on those resources that occupy the same subframe as that of the discovery resource selected by the concerned device for transmission of its own discovery packet. This conforms to the consideration of half-duplex constraint for D2D operations that was agreed by the RAN1 WG [1].
2.2 Configuration of Discovery Zones
For simulations, it is assumed that, for a 10 MHz system bandwidth (UL spectrum within FDD network coverage and dedicated PS spectrum outside network coverage), each DZ spans 48 PRBs in the frequency domain. In the time domain, each DZ is assumed to span 30 consecutive subframes (30ms) with a discovery resource size of 6 PRB-pairs. Further, DZs are configured with a periodicity of 10 seconds. Assuming that entire subframes are accounted for D2D discovery within each DZ, the above DZ configurations result in an overall overhead of 0.3% of UL WAN resources.
3 Some System-level Considerations
The nature of some of the performance metrics for D2D discovery along with some practical constraints and challenges posed by the deployment environments bring forth certain important design trade-offs. Some of the critical challenges in designing an efficient D2D discovery protocol that achieves good performance with respect to the defined performance metrics are listed below:

I. Avoidance/control of interference in certain scenarios

II. Achieving large discovery range in SNR-limited scenarios

III. Half-duplex constraint

IV. Impact from in-band emissions (IBE) against effective frequency-domain orthogonalization of interference

In this contribution, we present some initial system-level evaluations for the proposed D2D discovery protocol and highlight some of the trade-offs involved. These trade-offs must be considered in determining various system design parameters. 

Consider a general case wherein each discovery resource comprises of N PRB-pairs. From the perspective of minimizing the impact from half-duplex constraint and IBE, it may be preferable to map each discovery resource entirely (i.e., all N PRB-pairs) in the frequency domain (in a “frequency-first” manner). However, this results in significant lowering of the transmit power spectral density (PSD). While this can prove beneficial by generating less interference in the D2D network, it can significantly impact the D2D discovery performance in terms of discovery range, especially in SNR-limited scenarios (e.g., scenarios with indoor-outdoor mixed dropping of users with two RRH buildings).

On the other hand, if the discovery resources are mapped entirely in the time domain (i.e., all N PRB-pairs mapped in a “time-first” manner), this can help improve the transmit PSD, which, in turn, may potentially improve the discovery range, but at the same time, impacts from half-duplex constraint and IBE are greatly accentuated.
4 Discussion on System-level Analysis
In this section, we present some initial system-level results and analyse the trade-offs described above. For the assumed discovery packet size of 176 bits and discovery resource size of 6 PRB-pairs, we use a detection SINR threshold of 3.8 dB to obtain discovery range and latency performance metrics. This threshold corresponds to the required SINR to achieve a BLER of 10-2 obtained from link-level simulations assuming a co-channel interference case with the interfering and desired UEs using different UL DM-RS cyclic shifts. A maximum transmit power of 23 dBm was assumed for all D2D devices (PS and non-PS) for the evaluations.
10 discovery zones (DZs) are simulated for each simulation drop and each DZ is configured to span 48 PRBs in the frequency domain and 30 consecutive subframes in the time domain for the 6 PRB-pairs discovery resource size. Three different mappings for the discovery resource to physical time-frequency resources were considered:
1. Frequency-domain-only mapping (6x1): Each discovery packet transmission in a subframe occupies 72 subcarriers.

2. Frequency-time-domain mapping (2x3): Each discovery packet transmission spans three subframes, and in a subframe occupies 24 subcarriers.

3. Time-domain-only mapping (1x6): Each discovery packet transmission spans six subframes, and in a subframe occupies 12 subcarriers.
The above three mappings are evaluated for the set of deployment scenarios listed in Section 2 without and with consideration of IBE, respectively. In light of a lack of an agreement in the RAN1 WG on the IBE modelling, we considered an IBE model based on Option C that was discussed during the post-RAN1 #73 meeting e-mail discussion #[73-08]: “Option C: Assume emission noise floor -30 dBc relative to PSD for the transmitted resource blocks”.
For the cases with IBE modelling, we evaluated the effect of two random silencing schemes for all considered deployment scenarios except for the PS specific scenario (Option 5) with indoor-outdoor mix and two RRH buildings. The first random silencing scheme [5] considers a fixed probability of silencing. According to this scheme, the ProSe enabled UEs participating in D2D discovery can be configured with a silencing probability p (0 ≤ p ≤ 1) that they use to determine whether to transmit on a randomly selected discovery resource within a C-D2D DZ or not; i.e., in each C-D2D DZ, each UE transmits its discovery packet with probability (1-p) on the randomly selected discovery resource. The value of the fixed silencing factor (common for all devices) is chosen as 0.5 for the current evaluations.
We also evaluated an enhanced version of the above random silencing scheme by modifying the fixed silencing probability to an adaptive one. According to this scheme, each ProSe-enabled UE is configured with a nominal silencing factor that it applies for the second discovery zone (note: for all evaluations with random silencing, the UEs do not employ any silencing during the first discovery zone). For the subsequent discovery zones, the silencing probability to be applied by the UE is incremented or decremented respectively within certain pre-defined lower and upper bounds depending on whether the UE transmitted in the previous zone or not. Specifically, for the current evaluations, the nominal silencing probability is chosen as 0.5, and if a device transmitted in the previous DZ, it increases its silencing probability by 0.4. On the other hand, if the device did not transmit during the previous DZ, it decreases the silencing probability by 0.1. The resulting effective silencing probability for each UE in each DZ is upper and lower bounded by 0.9 and 0.1 respectively. 
The simulation results are presented in the Appendix. The left column presents results with no IBE modelling while the right column presents results with IBE modelling. For each deployment scenario, the following performance metrics are collected:
1. Average number of devices discovered as a function of SINR detection threshold

2. Average number of devices discovered as a function of distance

3. Ratio of average number of devices discovered to the average number of devices that are present within a certain distance from the discovering device as a function of distance

4. Average number of devices discovered as a function of time (here, represented in terms of the number of discovery zones)

All the upper bounds presented in this work correspond to SNR-based derivations of the performance metrics.
The following observations can be made from the simulation results:

1. Achieving good discovery range is challenging for PS specific scenario (Option 5) with an indoor-outdoor mix of users with two RRH buildings which can be seen as a scenario that is severely SNR-limited.

2. Observations on various resource mapping options:

a. Frequency-domain-only mapping can be beneficial in interference-limited scenarios as the transmit PSD for each device is not high.

b. While frequency-time mapping can be beneficial in increasing the discovery range, the gap between SINR-based performance and SNR-based performance increases as the interference situation worsens with relatively higher transmit PSD.
c. Time-domain-only (1x6) mapping option leads to higher interference, and suffers from half-duplex constraint and IBE impacts. Although it outperforms the other mapping options when IBE is not modelled, the overall performance can be worse than the (2x3) packet-to-resource mapping case with IBE modelling. The only exception being the severely SNR-limited PS scenario with indoor-outdoor mix of devices and two RRH buildings.
3. Observations from impact from IBE

a. For cases without IBE modelling, frequency-time-mapping clearly outperforms frequency-domain-only-mapping.
b. IBE modelling has significant impact on the overall performance, except for the PS specific scenario (Option 5) with indoor-outdoor mix and two RRH buildings that has a considerable proportion of links with high coupling loss.
c. For cases with IBE modelling, performance of frequency-time-mapping is impacted significantly from interference (larger gap between SNR-based and SINR-based performance).
4. Random silencing mechanisms, that are simple and can be operated in a distributed fashion, can bring performance benefits for interference-limited scenarios, at the cost of some increase in the discovery latency. Out of the two schemes evaluated, adaptive random silencing out-performs fixed random silencing. However, it should be noted that there exists room to potentially improve both random silencing mechanisms as the current parameters have not been optimally selected. Further study of random silencing mechanisms is needed towards obtaining the best random silencing scheme. Depending on actual scenarios and use cases, the random silencing schemes can be fine-tuned by configuring appropriate values for the parameters to manage the interference within each DZ.
5 Conclusions

In this contribution, we presented some initial system-level evaluation results to demonstrate the performance of the direct device discovery protocol presented in [5]. Although the presented system-level results are based on a combination of large scale analysis using SINR detection threshold obtained from link-level evaluations, and hence, can, in general, be interpreted as performance upper bounds, they help better understand some of the important system-level design trade-offs. The presented results throw light on the challenges involved in efficient support of direct device discovery for the RAN1 WG-agreed deployment scenarios for PS and general use cases. More accurate system-level analysis with modelling of transmission-reception of discovery bursts with incorporation of small-scale fading would be presented in the near future. 
Based on the evaluations and the discussions presented in this contribution, some observations are summarized below:
Observation 1: Achieving good discovery range is challenging for PS specific scenario (Option 5) with an indoor-outdoor mix of users with two RRH buildings which can be seen as a scenario that is severely SNR-limited.
Observation 2: While frequency-time-domain mapping can be beneficial in increasing the discovery range, the gap between SINR-based performance and SNR-based performance increases as the interference situation worsens with relatively higher transmit PSD. Further, time-domain-only mapping can bring performance benefits in severely SNR-limited scenarios.

Observation 3: IBE modelling has significant impact on the overall performance, except for the PS specific scenario (Option 5) with indoor-outdoor mix and two RRH buildings that has a considerable proportion of links with high coupling loss.
Observation 4: Random silencing mechanisms, that are simple and can operate in a distributed fashion, can bring performance benefits for interference-limited scenarios, at the cost of some increase in the discovery latency.
Based on the above main observations, we make the following proposals:
Proposal 1: Packet-based discovery solutions with robust distributed resource selection protocols should be further studied in RAN1 WG.

Proposal 2: Means of interference control and avoidance should be further studied, and in this regard, random silencing based schemes should be studied and evaluated further.
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Appendix: System-level Evaluation Results
	PS Scenario, outside coverage (Option 5) hotspot drop:

	Without IBE Modelling
	With IBE Modelling
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	PS Scenario, outside coverage (Option 5), Indoor-outdoor mix with two RRH buildings:

	Without IBE Modelling
	With IBE Modelling

	[image: image9.png]Discovered UE number

140

120

100

Average discovered UE number vs. gamma, UEs per cell = 150, 176 bits in 6 PRB-pairs, # of discovery zones = 10

——TFreq-dom-only (6x1), random (SINR-based)
——TFreq-dom-only (6x1) (Upper bound)
Freq-Time-dom (2x3), random (SINR-based)
Freq-and-Time-dom (2x3) (Upper bound)
#1110 Freg-Time-dom (1%6), random (SINR-based)
"1 Freg-Time-dom (1x6) (Upper bound)

0
0 5 [i] 5 10

SINR threshold, gamma (dB)




	[image: image10.png]Discovered UE number

140

120

100

il

60

0

Eil

Average discovered UE number vs. gamma, UEs per cell = 150, 176 bits in 6 PRB-pairs, # of discovery zones = 10

——TFreq-dom-only (6x1), p=0 (SINR-based)
——TFreq-dom-only (6x1) (Upper bound)

== =Freq-Time-dom (2x3), p=0 (SINR-based)
== =Freq-and-Time-dom (2x3) (Upper bound)
#1100 Freg-Time-dom (1x6), p=0 (SINR-based)
"1 Freg-Time-dom (1%6) (Upper bound)

0
0

5 [i] 5 10 15

SINR threshold, gamma (dB)





	[image: image11.png]Discovered UE number

12

10

Discovered UE number vs. distance, UEs per cell = 150, 176 bits in 6 PRB-pairs, # of discovery zones = 10

——TFreq-dom-only (6x1), random (SINR-based)
—&—TFreq-dom-only (6x1) (SNR-based)
== =Freq-time-dom (2x3), random (SINR-based)
=® = Freq-time-dom (2x3) (SNR-based)
#1110 Freg-time-dom (136), random (SINR-based)
"''© " Freg:time-dom (1x6) (SNR-based)

50 100 150 200 250 300 350 400 450 500
Distance (m)




	[image: image12.png]Discovered UE number

12

10

Discovered UE number vs. distance, UEs per cell = 150, 176 bits in 6 PRB-pairs, # of discovery zones = 10

——TFreq-dom-only (6x1), p=0 (SINR-based)
—&—TFreq-dom-only (6x1) (Upper bound)

=Freq-Time-dom (2x3), p=0 (SINR-based)
=Freq-and-Time-dom (2x3) (Upper bound)
#1110 Freq-Time-dom (1x6), p=0 (SINR-based)
'@ ' Freq-Time-dom (1%6) (Upper bound)

50 100 150 200 250 300 350 400 450 500
Distance (m)





	[image: image13.png]Normalized Discovered UEs

09

08

07

06

05

04

03

02

01

Discovered UE number vs. distance, UEs per cell = 150, 176 bits in 6 PRB-pairs, # of discovery zones = 10

N

——TFreq-dom-only (6x1), random (SINR-based)
——TFreq-dom-only (6x1) (Upper bound)
Freq-Time-dom (2x3), random (SINR-based)
Freq-and-Time-dom (2x3) (Upper bound)
#1110 Freg-Time-dom (1%6), random (SINR-based)
"1 Freg-Time-dom (1%6) (Upper bound)

150

200

250
Distance (m)




	[image: image14.png]Normalized Discovered UEs

1

09

08

07

06

05

04

03

02

01

Normalized discovered UE number vs. distance, UEs per cell = 150, 176 bits in 6 PRB-pairs, # of discovery zones = 10

——TFreq-dom-only (6x1), p=0 (SINR-based)
——TFreq-dom-only (6x1) (Upper bound)

== =Freq-Time-dom (2x3), p=0 (SINR-based)
== =Freq-and-Time-dom (2x3) (Upper bound)
#1100 Freg-Time-dom (1x6), p=0 (SINR-based)
"1 Freg-Time-dom (1%6) (Upper bound)

100

150

200

250
Distance (m)

300 3850 400 450 500





	[image: image15.png]Dscovered UE number

0

il

%

24

Number of discovered UE vs. discovery zones with 176 bits in 6 PRB-pairs and gamma = 3.8 dB

——TFreq-dom-only (6x1), random

"1 Freg-time-dom (1x6), random

Freg:-time-dom (2x3), random

10
0

1 2 3 4 5
Discovery zones




	[image: image16.png]Dscovered UE number

B

B

U

s

12+

Number of discovered UE vs. discovery zones with 176 bits in 6 PRB-pairs and gamma = 3.8 dB

——TFreq-dom-only (6x1), p=0
Freq-Time-dom (2x3), p=0
"1 Freg-Time-dom (156), p=0

10
0

1 2 3 4 5 B 7 8 9
Discovery zones





	PS Scenario, outside coverage (Option 5), Uniform drop:

	Without IBE Modelling
	With IBE Modelling
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