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1
Introduction
In this contribution we propose a design for Type1 device to device discovery design. In RAN#74 the following agreement was achieved.

· 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
We propose a design based on this agreement. We also present simulation results for our design. This contribution is focused on the in network case.
In this contribution, we discuss the physical layer design for discovery. Discovery resource allocation and selection for discovery are discussed in a companion contribution [7].
This contribution is structured as follows:

· In Section 2 describe our proposed design.
· Section 3 presents simulation results
· Section 4 concludes the contribution.
2
Type 1 Discovery Design 
2.1 Physical Layer Details

We propose that transmission over a physical resource be message based, i.e., bits be transmitted on a discovery signal.  Our companion contribution [2] compares message based discovery signalling with sequence based discovery signalling.

Proposal 1: Discovery signal should transmit a message for both open and restricted discovery.
We further propose that the discovery signalling use SC-FDMA and be similar to PUSCH as defined in [5] [6]. 

Using SC-FDMA for transmitting discovery signal has several advantages. SC-FDMA is already transmitted by UEs and will require no change at the transmitter. (The change required at receiver to receiver SC-FDMA is minimal.) SC-FDMA has much better PAPR (peak to average power ratio) properties compared to OFDMA [4]. This allows for a larger discovery link budget. To achieve the same link budget using OFDMA will require more expensive power amplifiers. Furthermore SC-FDMA has much better in-band emission properties compared to OFDMA [4]. In-band emissions can significantly impact the performance of device to device communication, having lower in-band emissions can help improve performance significantly.
Reusing PUSCH has the advantage of requiring minimal hardware changes.

Proposal 2: Discovery signalling should use SC-FDMA. Furthermore PUSCH reference signals, modulation and coding should be reused.
The range of a discovery signal can be controlled by the transmit power of a UE. The transmit power in turn can be decided by the network.

Each UE transmits on a discovery resource unit (Section 3.1 [7]) which is a pair of RBs[image: image1.emf]130 132 134 136 138 140 142 144
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. Figure 1 below illustrates a discovery resource unit. Like PUSCH symbols 3 and 10 of the sub-frame are used for transmitting reference signals. 
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Figure 1
2.3
Timing of Discovery Transmissions
Discovery can be thought of as a precursor for communication between devices. Therefore it is important that RRC_IDLE UEs also participate in discovery. However discovery sub-frames occur on the uplink while RRC_IDLE UEs have access to only downlink timing. To resolve this we propose that discovery sub-frames should follow downlink timing.

A UE may be able to decode multiple downlink signals from different cells. For synchronous deployments a UE should select the earliest downlink timing for transmission and reception of discovery signals. The advantage of using earliest downlink timing is discussed in [3].
For asynchronous deployment one needs to consider two cases. When a UE is performing discovery within its associated macro a UE should select the downlink timing of its associated macro.
When a UE is trying to discover UE that are not in its associated macro, the UE needs to learn the timing of its neighbouring macros. A UE can learn the neighbouring macro’s timing through reference signals such as PRS/PSS/SS/CRS from the neighbouring macro. If PRS is not available, then PSS/SSS/CRS can be used. However, a UE cannot detect the PSS/SSS/CRS of its neighbouring macro if it is too close to its own eNodeB. This is illustrated in Figure 2 below.



Figure 2
Here assume UE A is within the discovery range of UE B. However because UE A is very close to its eNodeB it cannot detect the timing signal transmitted by the eNodeB associated with UE B and therefore cannot decode the discovery signal of B. According to our calculations the number of devices discovered can go down by one third due to this issue.

To counter this issue we propose that a UE participating in discovery relay the timing signal of its associated eNodeB. Referring back to Figure 2 B, C & D can relay the timing signal of its associated macro while A, E, & F can relay the timing signal of its associated macro. The timing can be relayed in the first sub-frame of the allocation for their respective macros. The relayed timing signal can be the same as PSS/SSS transmitted by the macro. It can also be the repeated PSS proposed in [8]. All UEs associated with a macro will transmit on the same time and frequency resource. This allows the energy from different devices to add up at the receiver. The time and frequency resource can be located on the first few symbols of the first sub-frame. This reduces the possibility of overlap between the timing signal and the discovery signals of another non-neighbouring macro that has a mostly overlapping allocation. We also propose that the frequency on which the timing signal is transmitted be different for non-neighbouring macros that have mostly overlapping allocation. This allows a UE receiving the timing signal to distinguish between the timing signals of different macros. We illustrate the timing signal of two non-neighbouring macros Macro1 and 1’ that have mostly overlapping allocation in Figure 3.









Figure 3
The performance of our proposed scheme is discussed in [3].
Proposal 3a: Downlink timing should be used for discovery. For synchronous deployment UEs can use the earliest downlink timing.

Proposal 3b: For asynchronous deployment UEs can use downlink timing of their associated macro for intra-cell discovery. For inter-cell discovery UEs can forward the timing of their associated macro on the first sub-frame of their allocation.
3
Results

We now present results for our proposed discovery protocol. The results presented are

· Link level simulation results that will be used in our system level simulations.
· System level simulation results for our proposed design here and in [7].
3.1
Link Level Results

3.1.1 Coding and Modulation

In our simulations as agreed during RAN#74 we transmit 104 bits of discovery information. 24bits CRC is attached to the 104 bits to get 128 bits of information bits. In [7] our proposal is that one discovery resource occupies one RB pair in one sub-frame. With normal cyclic prefix (CP) this corresponds to 288 coded bits Also recall that we want to reuse the coding and modulation as defined for PUSCH. The discovery information is modulated using QPSK and turbo code defined in 3GPP TS 36.212 [5].
3.1.2 Decoding and Partial Matching

A UE participating in discovery will transmit discovery information that is potentially unique in its discovery signal. A UE that is trying to discover the first UE will try to extract the discovery information from the received discovery signal. If the second UE is successful it will call the first UE as discovered.
We consider two ways of extract discovery information in our simulations. In the first case we assume that the discovery information of a UE is not known at receiver. In this case receiving discovery information is simple decoding. However if discovery information of a UE is known at the receiver then the receiver does not need to successfully decode the whole discovery information. It can do what we call as partial bit matching. The receiver can compare the decoded bits (not all of them which maybe decoded correctly) with the known discovery information and count the number of bits matched. If the number of bits matched cross a certain number then with high probability we can declare that discovery information is successfully extracted and the UE can be declared as discovered. 

Partial bit matching can lead to some false alarm however that can be easily controlled by setting the number of bits to be matched appropriately. In our simulation we set the false alarm rate to 10-7 per successful partial match.
The second case where transmitted discovery information is known is clearly applicable to Restricted ProSe. It is also applicable to the case of Open ProSe where a UE is searching for some known discovery information.
3.1.3 Link Curves

3.1.3.1 Probability of Discovery versus Pathloss 
We now present probability of discovery with pathloss link curves. Here perfect channel estimation is assumed and the curve show performance for single receive antenna. Figure 4 below shows the performance for normal cyclic prefix.
[image: image24.bmp]
Figure 4
Note that for normal CP the link budget is around 133dB in the case of decoding and around 136dB in the case of decoding & partial matching. 
3.1.3.2 Imperfect Channel Estimation

We now present our results with imperfect channel estimation. The discovery signal transmitted by a UE is similar to PUSCH, so there are two pilots available (as shown in Figure 5). We use the two pilots to estimate frequency offset. After de-rotation by the frequency offset we fit the channel estimate of pilot symbols to a second-order polynomial across tones. The channel is assumed to be constant in across time within a sub-frame.
We ran our simulations with fading. The fading model used was the agreed ITU SCM model with dual mobility. To obtain a worst-case estimation of the performance loss due to imperfect channel estimation, we present the result for UMi NLOS case of the SCM channel model which has the largest delay spread. Figure 5 plots the block error rate versus instantaneous SNR for the normal cyclic prefix and decoding case. (Here SNR is the ratio of total received energy on a RB and noise power on the RB.) The plot shows the performance of channel estimation and decoding when the speeds of both the transmitter and receiver are at 3km/h. For comparison we also plot the perfect channel estimation curve. Note that the loss due to channel estimation is about 1dB. We found similar loss for decoding and partial bit matching.
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Figure 5
3.2
System Level Results

3.2.1 System Simulation Setup

We simulated a 19 macro (57 cells) layout with 150 UEs per cell. The simulation parameters such as wrap around, pathloss model, fading, in-band emissions were set according as described in [9][10].

In our simulation setup as proposed in our design sub-frames are periodically reserved for discovery. Each discovery period is 10 seconds long. Within a discovery sub-frame 44 middle RB pairs were used for discovery while the remaining RB pairs at the edge were used for PUCCH. UEs select a discovery resource unit from those discovery sub-frames as described in Section 3.2 of [7]. The discovery resources hop again as described in Section 3.3 of [7]. We plot the performance of our protocol in a steady state where all UEs have selected their discovery resource and are engaged in discovery. We simulate and look at the performance across 40 discovery periods. (We do not simulate the reselection as described in Section 3.4 of [7].)
While calculating the SINR of a received discovery signal we combine the received signal across two antennas. In addition we take advantage of the periodic nature of discovery and combine the received signal across last 4 discovery periods. This link curve used and channel estimation penalty are as described in Section 3.1.
We plot the performance metrics as defined in [10]. For Restricted ProSe we plot the probability of discovery with pathloss with time instead of just probability of discovery with time.

Our simulations are for FDD LTE system. The performance for TDD system should be somewhat similar with differences in power consumption due to non-contiguous nature of available uplink sub-frames.

3.2.2 Results for General Scenario Synchronous Deployment

For the General Scenario we simulated Option 1 and Option 3 with macros synchronized. We used normal CP for this deployment. We reserved 29 contiguous sub-frames for discovery every 10 seconds. UEs transmit their discovery signal at 23dBm.
The power consumption based on agreed model as described in [10], and WAN impact captured through resources used is shown in Table 1.

Table 1: Power consumption and impact to WAN for general scenario with synchronous deployment
	Power Consumption
	Total Power consumption
	[8*1 + 1*4 + 28 + 0.01 * (10000-29)] / 10000 = 0.014

	
	Type of subframes 
	# Subframes

	
	Total awake for discovery
	29

	
	Tx for discovery
	1

	
	Rx for discovery
	28

	
	Synchronization to WAN
	8

	WAN Impact
	0.29%


The detailed simulation results for discovery statistics and link budget performance are shown in appendix A1. Table 2 and Table 3 presents the summary of the results after 40 discovery periods for layout options 1 and 3, respectively. 
Layout Option 1
Table 2: Summary of results on discovery statistics after 40 discovery periods.

	Discovery Statistics
	Number of UEs discovered

	
	
	Mean
	median
	90% tile

	
	Decoding only
	240
	142
	675

	
	Decoding and partial matching
	310
	167
	920

	
	False Alarm

	
	Decoding only
	0

	
	Decoding and partial matching
	1.91e-5


Layout Option 3

Table 3: Summary of results on discovery statistics after 40 discovery periods.
	Discovery Statistics
	Number of UEs discovered

	
	
	Mean
	median
	90% tile

	
	Decoding only
	1052
	1052
	1109

	
	Decoding and partial matching
	1332
	1332
	1395

	
	False Alarm

	
	Decoding only
	0

	
	Decoding and partial matching
	6.33e-5


3.2.3 Results for General Scenario Asynchronous Deployment

For the General Scenario we again simulated Option 1 and Option 3 but with macros not synchronized. The macros have different timing offsets from each other. We again used normal CP for this deployment. Here 12 sub-frames were reserved by each macro for discovery. The first sub-frame of which was used for transmitting timing signal as described in Section 2.3. So in practice there are 11 sub-frames available for discovery. Furthermore the allocation of discovery sub-frames was reused with a factor of 3 as described in [7]. UEs transmit their discovery signal at the maximum power of 23dBm.
Note that based on our description in Section 2.3 a UE can detect two or more timings for the same overlapping allocation. The timing signals are transmitted at different frequency offset. As a result a UE with some offline processing can potentially decode the discovery signal from two different macros with overlapping allocation. In our simulation we assume that a UE is able to decode the discovery signals from exactly two different macros for the same allocation.
The power consumption and WAN impact is shown in Table 4.

Table 4: Power consumption and impact to WAN for general scenario with asynchronous network deployment

	Power Consumption
	Total Power consumption
	[8*1 + 2*4 + 36 + 0.01 * (10000-38)] / 10000 = 0.0152

	
	Type of subframes 
	# Subframes
	Comments

	
	Total awake for discovery
	38
	12 (1 for timing, 11 for discovery) x 3 (reuse factor) + 2 (additional since macros are asynchronous with non-aligned subframes)

	
	Tx for discovery
	2
	1 (discovery signal) + 1(timing signal)

	
	Rx for discovery
	36
	

	
	Synchronization to WAN
	8
	

	WAN Impact
	0.38%


The detailed simulation results for discovery statistics and link budget performance are shown in appendix A1. Table 5 and Table 6 presents the summary of the results after 40 discovery periods for layout options 1 and 3, respectively. 

Layout Option 1
Table 5: Summary of results on discovery statistics after 40 discovery periods.

	Discovery Statistics
	Number of UEs discovered

	
	
	Mean
	median
	90% tile

	
	Decoding only
	191
	129
	481

	
	Decoding and partial matching
	231
	155
	583

	
	False Alarm

	
	Decoding only
	0

	
	Decoding and partial matching
	1.91e-5


Layout Option 3

Table 6: Summary of results on discovery statistics after 40 discovery periods.
	Discovery Statistics
	Number of UEs discovered

	
	
	Mean
	median
	90% tile

	
	Decoding only
	1037
	1042
	1120

	
	Decoding and partial matching
	1309
	1315
	1409

	
	False Alarm

	
	Decoding only
	0

	
	Decoding and partial matching
	6.33e-5


4
Conclusion 

In this contribution, we presented some design principles for D2D discovery, and then presented some proposals for the design which were validated through link and system simulations.
The proposals are summarized below:

Proposal 1: Discovery signal should transmit a message for both open and restricted discovery.
Proposal 2: Discovery signalling should use SC-FDMA. Furthermore PUSCH reference signals, modulation and coding should be reused.

Proposal 3a: Downlink timing should be used for discovery. For synchronous deployment UEs can use the earliest downlink timing.

Proposal 3b: For asynchronous deployment UEs can use downlink timing of their associated macro for intra-cell discovery. For inter-cell discovery UEs can forward the timing of their associated macro on the first sub-frame of their allocation.
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Appendix 1. Results for General Scenario Synchronous Deployment
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Figure A1.1 Average Number of UEs discovered versus number of discovery periods
Figure A1.1 plots the number of UEs discovered using decoding only and using decoding & partial matching. On average 240 UEs can be discovered after 40 discovery periods using decoding only, and on average 310 UEs can be discovered after 40 peer discovery periods, using decoding & partial matching.
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	Figure A1.2 CDF of Number of UEs discovered using decoding only
	Figure A1.3 CDF of Number of UEs discovered using decoding & partial matching


Figure A1.2 plots CDF of number of UEs discovered as a function of time using decoding only, the step behaviour is because there are 80% indoor UEs. The median point of number of UEs discovered after 40 discovery periods is 142. Figure A1.3 plots CDF of number of UEs discovered as a function of time for decoding & partial matching. We again observe the step behaviour because of the 80% indoor UEs. The median point of number of UEs discovered after 40 discovery periods is 167. 
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	Figure A1.4 Probability of discovery versus pathloss using decoding only
	Figure A1.5 Probability of discovery versus pathloss     using decoding & partial matching


Figure A1.4 plots probability of discovery versus pathloss using decoding only, at 143.5dB pathloss there is 10% probability of discovery after 40 discovery periods. Figure A1.5 plots the probability of discovery versus pathloss using decoding & partial matching; note that at 148.5dB pathloss there is 10% probability of discovery after 40 discovery periods. 

Note that there is non-monotonic behaviour of probability of discovery versus pathloss curve in the indoor-outdoor deployment. This is the combined effect of different types of UEs, i.e., the UEs outdoor, UEs inside buildings and UEs virtually indoor. (See [1] for detailed explanation of the non-monotonic behaviour.)
Layout Option 3:
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Figure A1.9
Figure A1.9 plots the number of UEs discovered using decoding only and using decoding & partial matching. On average 1052 UEs are discovered after 40 discovery periods in the case of decoding only, and on average 1332 UEs are discovered after 40 discovery periods in the case of decoding & partial matching.
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	Figure A1.10 CDF of Number of UEs discovered using decoding only
	Figure A1.11 CDF of Number of UEs discovered using decoding & partial matching


Figure A1.10 plots CDF of number of UEs discovered as a function of time using decoding only. The median point of number of UEs discovered after 40 discovery periods is 1052. Figure A1.11 plots CDF of number of UEs discovered as a function of time using decoding & partial matching. The median point of number of UEs discovered after 40 discovery periods is 1332. 
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	Figure A1.12 Probability of discovery versus pathloss using decoding only
	Figure A1.13 Probability of discovery versus pathloss     using decoding & partial matching


Figure A1.12 plots probability of discovery versus pathloss using decoding only, at 135.5dB pathloss after 40 discovery periods there is 10% probability of discovery. Figure A1.13 plots the probability of discovery versus pathloss using decoding & partial matching, at 139.5dB pathloss there is 10% probability of discovery after 40 discovery periods.
Appendix 2. Results for General Scenario Asynchronous Deployment
Layout Option 1:

[image: image13.emf]0 5 10 15 20 25 30 35 40

80

100

120

140

160

180

200

220

240

Average number of UEs discovered

Number of discovery periods

 

 

Decoding only

Decoding & partial matching


Figure A2.1 Average Number of UEs discovered versus number of discovery periods
Figure A2.1 plots the number of UEs discovered using decoding only and using decoding & partial matching. On average 191 UEs can be discovered after 40 discovery periods using decoding only, and on average 231 UEs can be discovered after 40 peer discovery periods, using decoding & partial matching.
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	Figure A2.2 CDF of Number of UEs discovered using decoding only
	Figure A2.3 CDF of Number of UEs discovered using decoding & partial matching


Figure A2.2 plots CDF of number of UEs discovered as a function of time using decoding only, the step behaviour is because there are 80% indoor UEs. The median point of number of UEs discovered after 40 discovery periods is 129.  Figure A2.3 plots CDF of number of UEs discovered as a function of time using decoding & partial matching, the step behaviour is because there are 80% indoor UEs. The median point of number of UEs discovered after 40 discovery periods is 155. 
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	Figure A2.4 Probability of discovery versus pathloss using decoding only
	Figure A2.5 Probability of discovery versus pathloss     using decoding & partial matching


Figure A2.4 plots the probability of discovery versus pathloss using decoding only, at 145.5dB pathloss there is still 10% probability of discovery. Figure A2.5 plots probability of discovery versus pathloss using decoding & partial matching, at 150.8dB pathloss there is still 10% probability of discovery. 

Note that the non-monotonic behaviour of probability of discovery versus pathloss curve is because the probability of discovery is averaged across indoor, virtual indoor and outdoor UEs, while they differ in the interference experienced due to in-band emissions. Similar to the result presented in Appendix A.1 (Figures A1.6 through A1.8), the probability of discovery versus pathloss observed individually for the indoor, virtual indoor, and outdoor UEs is monotonic, and is not presented here for brevity. 
Layout Option 3:  
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Figure A2.6 Average Number of UEs discovered versus number of discovery periods
Figure A2.6 plots the number of UEs discovered using decoding only and using decoding & partial matching. On average 1037 UEs can be discovered after 40 discovery periods using decoding only, and on average 1309 UEs can be discovered after 40 peer discovery periods, using decoding & partial matching.
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	Figure A2.7 CDF of Number of UEs discovered using decoding only
	Figure A2.8 CDF of Number of UEs discovered using decoding & partial matching


Figure A2.7 plots CDF of number of UEs discovered as a function of time using decoding only. The median point of number of UEs discovered after 40 discovery periods is 1042. Figure A2.8 plots CDF of number of UEs discovered as a function of time using decoding & partial matching. The median point of number of UEs discovered after 40 discovery periods is 1315. 

	[image: image21.emf]60 80 100 120 140 160

0

0.2

0.4

0.6

0.8

1

Pathloss(dB)

Probability of discovery

 

 

Discovery Period 1

Discovery Period 2

Discovery Period 4

Discovery Period 8

Discovery Period 16

Discovery Period 40


	[image: image22.emf]60 80 100 120 140 160

0

0.2

0.4

0.6

0.8

1

Pathloss(dB)

Probability of discovery

 

 

Discovery Period 1

Discovery Period 2

Discovery Period 4

Discovery Period 8

Discovery Period 16

Discovery Period 40



	Figure A2.9 Probability of discovery versus pathloss using decoding only
	Figure A2.10 Probability of discovery versus pathloss     using decoding & partial matching


Figure A2.9 plots probability of discovery versus pathloss using decoding only, at 139.7dB pathloss there is still 10% probability of discovery. Figure A2.10 plots probability of discovery versus pathloss using decoding & partial matching, at 143.4dB pathloss there is still 10% probability of discovery.
One discovery resource unit consisting of a RB pair
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Timing signal transmitted by UEs associated with Macro 1 transmitted on the first few symbols





 





 





 





 





 





 





 





UL WAN for Macro 1





UL WAN for Macro 1
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Timing signal transmitted by UEs associated with Macro 1’ at a different frequency offset from timing signal of Macro 1
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