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1
Introduction

During and subsequent to RAN1#74 progress was made on several aspects of ProSe device-to-device operation.  From the RF perspective a switching time of 20µs for the transition between transmit and receive operation, or vice-versa, was agreed [1] as was a transmit spectral mask to be used for the evaluation of the impact of ProSe device transmissions [2, 3].

With regards to discovery, it was reaffirmed that discovery was required to operate in both synchronous and asynchronous cell deployments [1] and the following way forward on Type 1 discovery was agreed [1]:
· 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

· Working assumption for the purposes of evaluation s: x = 104 bits

This contribution provides a design for ProSe device-to-device discovery and provides system simulations to support these design assumptions.

2
Discovery design assumptions
This section provides some fundamental design assumptions for ProSe device-to-device discovery operation in addition to the agreements listed in the introduction above.

· ProSe device-to-device discovery should be able to operate in RRC_IDLE and RRC_CONNECTED states.

· Detailed reasoning for this assumption is provided in several contributions to RAN1#73 and RAN1#74, for instance [4].
· The principal implications of this assumption are that the transmitting device has no notion of timing advance and that resources for discovery are not signalled on an individual device basis.
· ProSe device-to-device discovery transmissions are based upon PUSCH modulation and coding.

· Detailed reasoning for this assumption is provided in several contributions to RAN1#73 and RAN1#74, for instance [4].

· ProSe device-to-device discovery operation employs device-based synchronisation signals in addition to the discovery message.
· Device-based synchronisation signals allow efficient asynchronous device-to-device operation and provide superior performance compared to that of cell-based synchronisation signals [5].

· The use of device-based synchronisation signals simplifies asynchronous discovery operation, with potentially no requirement to read system information to determine the location of the discovery messages [5].
· ProSe device-to-device discovery transmissions occupy one resource block in frequency and one sub-frame in duration.

· It is found from link simulations that a payload of 104bits can be adequately transported with a single resource block [6].

· ProSe device-to-device discovery resources are allocated across the entire uplink bandwidth with the exception of the resources reserved for PUCCH operation.
· This allows the downlink scheduler to continue to operate independently [7].
· Devices that are authorised to transmit discovery transmissions choose a resource(s) at random from within the cell's discovery resource.

3
Simulation assumptions
In accordance with the current RAN1 agreements on Type 1 discovery, and with the addition of the discovery design assumptions outlined in the previous section, the partitioning of the PUSCH resource into that used for ProSe device-to-device discovery and conventional macro-cellular transmissions is shown in Figure 1.  The first portion of this resource contains a device-based synchronisation signal [5, 7].  In [5] it was shown that the device-based synchronisation signals with a PSS-like sequence out-performed those of cell-based synchronisation signals.
[image: image1.png]« D20 period >

PUCCH

[ ] discovery resources
Conventional macro-cellular PUSCH | |
device based (timing advanced to eNode B)
synchronisation ] ™
signals

«———D2D discovery subframes———>

PUCCH





Figure 1 – Discovery resource
A simulation environment is setup covering a complete D2D period where all ProSe enabled discovery devices transmit a discovery message in a randomly chosen discovery resource once every D2D period.  The discovery messages are transmitted according to the received timing from the cellular network, i.e. no timing advance is applied.  Both synchronous and asynchronous cellular network timing is investigated.
A ProSe enabled discovering device attempts to decode all discovery resources other than those restricted, due to the half-duplex constraints, by the transmission of its own discovery signal.  The SINR of each discovery transmission is evaluated at each discovering device, this being impacted by other discovery transmissions and in the case of an asynchronous network, by other conventional cellular PUSCH transmissions.  The required SINR in order to decode a discovery transmission is dependent upon the propagation channel experienced and is detailed in [6] with a 10% BLER requirement employed (see Table 1 below for a performance summary).
All conventional uplink resource is occupied in every cell of the network.  Conventional cellular uplink signals are transmitted from a separate set of devices with an average of 4 resource blocks per transmission and a required SINR target at the eNode B of 6dB.  A summary of the key macro-cell simulation parameters is provided in Table 1 of [5] and the additional system simulation parameters are defined in Table 3 of the Appendix of this document.  It is noted that the D2D period and number of subframes are chosen in common with [7] in order to provide meaningful comparisons.

Table 1 - D2D discovery performance; SNR required for 10% BLER [6]
	
	Outdoors to outdoors (LOS)
	Outdoors to outdoors (NLOS)
	Outdoors to indoors
	Indoors to indoors (LOS)
	Indoors to indoors (NLOS)

	UE mobility (layout option 5)
	2.9 dB
	6.0 dB
	6.6 dB
	2.9 dB
	6.0 dB

	UE mobility (other options)
	2.7 dB
	5.8 dB
	6.5 dB
	2.9 dB
	6.0 dB


4
Simulation summary
Detailed simulation results for all dropping options simulated showing the number of discoverable neighbours at various distances are presented in Figure 2 to Figure 11 of the Appendix of this document.  These results show curves for synchronous and asynchronous network timings, with and without transmit mask, 64 and 32 D2D subframes and also separate curves for detectable and non-detectable neighbours.  In order to assimilate the detailed simulation results a summary is provided in Table 2 below.  This details the number of detectable neighbours versus distance for the scenario when the transmit mask is employed.
Comparison of the results with 64 and 32 D2D subframes in a synchronous network environment provides insight into the number of D2D subframes required to support a given population of ProSe enabled devices.  An increased number of subframes means less collision of discovery resources, less interference from the transmit spectral mask of other discovery transmissions and less blocking due to the time-division duplex nature of discovering devices.  However, as can be seen from the table, the difference in terms of number of detected devices varies in significant depending upon the device dropping option.  This can be explained by noting that in some cases environmental aspects dominate over and above the number of discovery resources, i.e. building penetration loss in option 1 and large cell radius in options 5.
Observation 1:  An increased number of D2D subframes within a D2D period is beneficial in terms of discovery performance.  However, these benefits may be somewhat over-shadowed by environmental aspects in some deployment scenarios, such as in-building penetration loss or increased pathloss over larger distances.

Comparison of the results in a synchronous network with those in an asynchronous network reveal the latter generally supports a similar or lower number of discoverable devices.  This is a function of the method of modelling of the conventional PUSCH interference in the asynchronous case.  The simulations present results when all resource blocks in all conventional PUSCH subframes are occupied in every cell of the network, i.e. a typically worst-case scenario.  It can be expected that in a lightly-loaded environment then the asynchronous case would perform similarly, if not better, than the synchronous case.
Observation 2:  The presented discovery design works within synchronous and asynchronous networks.

Finally, it is worth comparing the results presented in this document to those presented elsewhere.  Firstly, in [5] the number of detectable devices for dropping options 5 were presented based upon the transmission of a device-based synchronisation signal.  The results of [5] show considerably more potentially detectable devices than the results presented here.  This is due to the fact that [5] only considered the timing aspects and not the actual SINR required to detect a discovery transmission.  Thus the two sets of results effectively present bounds upon how many neighbouring devices are discoverable; i.e. the results presented here show the single-shot discovery performance whilst those in [5] show the potential over multiple discovery attempts where acquisition of the discovery device's timing is the only limiting factor.  Additionally, the results presented here are reasonably closely aligned to those presented in [7], especially for dropping options 1 and 3.  This comparability of results is achieved despite differences in some of the simulation details.
Observation 3:  The presented discovery simulations are comparable to those presented elsewhere.

Table 2 - Summary of simulation results; detectable neighbours at various distances
	Drop method
	Simulation scenario
	≤250m
	≤500m
	≤750m
	≤1000m

	Option 1 

(indoor-outdoor, 500m ISD)
	64 subframes - synchronous
	110 (25%)
	137 (8%)
	147 (4%)
	150 (2%)

	
	32 subframes - synchronous
	85 (20%)
	100 (6%)
	103 (3%)
	104 (2%)

	
	64 subframes - asynchronous
	93 (21%)
	100 (6%)
	100 (3%)
	100 (2%)

	
	32 subframes - asynchronous
	82 (19%)
	88 (5%)
	89 (2%)
	89 (1%)

	Option 3

(uniform outdoor, 500m ISD)
	64 subframes - synchronous
	264 (62%)
	415 (25%)
	435 (12%)
	438 (7%)

	
	32 subframes - synchronous
	177 (42%)
	213 (13%)
	215 (6%)
	216 (3%)

	
	64 subframes - asynchronous
	198 (47%)
	232 (14%)
	233 (6%)
	233 (4%)

	
	32 subframes - asynchronous
	162 (38%)
	184 (11%)
	185 (5%)
	185 (3%)

	Option 5

(uniform outdoor, 1732m ISD)
	64 subframes - synchronous
	33 (92%)
	103 (74%)
	149 (48%)
	166 (30%)

	
	32 subframes - synchronous
	31 (87%)
	89 (64%)
	117 (38%)
	125 (23%)

	
	64 subframes - asynchronous
	34 (93%)
	106 (76%)
	156 (50%)
	175 (32%)

	
	32 subframes - asynchronous
	32 (89%)
	98 (70%)
	138 (45%)
	154 (28%)

	Option 5

(hotspot, 1732m ISD)
	64 subframes - synchronous
	72 (85%)
	106 (63%)
	130 (41%)
	139 (25%)

	
	32 subframes - synchronous
	66 (73%)
	87 (50%)
	100 (31%)
	103 (19%)

	
	64 subframes - asynchronous
	79 (88%)
	117 (70%)
	146 (46%)
	159 (29%)

	
	32 subframes - asynchronous
	70 (79%)
	103 (61%)
	130 (40%)
	140 (26%)

	Option 5

(indoor-outdoor, 1732m ISD)
	64 subframes - synchronous
	37 (60%)
	41 (27%)
	44 (14%)
	45 (8%)

	
	32 subframes - synchronous
	34 (55%)
	37 (25%)
	39 (13%)
	40 (7%)

	
	64 subframes - asynchronous
	37 (58%)
	42 (27%)
	44 (14%)
	46 (8%)

	
	32 subframes - asynchronous
	35 (56%)
	39 (26%)
	41 (13%)
	42 (8%)


5
Discussion / conclusion
This contributions has provided detailed system simulation results for ProSe device-to-device discovery in synchronous and asynchronous networks.  These simulations are premised upon the already agreed aspects of D2D discovery and the following fundamental design assumptions:

Proposal 1:  ProSe device-to-device discovery should be able to operate in RRC_IDLE and RRC_CONNECTED states.

Proposal 2:  ProSe device-to-device discovery transmissions are based upon PUSCH modulation and coding.

Proposal 3:  ProSe device-to-device discovery operation employs device-based synchronisation signals in addition to the discovery message.

Proposal 4:  ProSe device-to-device discovery transmissions occupy one resource block in frequency and one sub-frame in duration.

Proposal 5:  ProSe device-to-device discovery resources are allocated across the entire uplink bandwidth with the exception of the resources reserved for PUCCH operation.
The simulation results presented demonstrate a viable design for ProSe device-to-device discovery and, in particular, the following observations are made:
Observation 1:  An increased number of D2D subframes within a D2D period is beneficial in terms of discovery performance.  However, these benefits may be somewhat over-shadowed by environmental aspects in some deployment scenarios, such as in-building penetration loss or increased pathloss over larger distances.

Observation 2:  The presented discovery design works within synchronous and asynchronous networks.

Observation 3:  The presented discovery simulations are comparable to those presented elsewhere.
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7
Appendix

7.1
Additional simulation assumptions

A summary of the key macro-cell simulation parameters is provided in Table 1 of [5] with additional system simulation parameters being defined in Table 3 below.

Table 3 - Additional system simulation parameters
	Parameter
	Value
	Comment

	Number of resource blocks
	50
	10MHz bandwidth

	PUCCH resource blocks
	6
	3 Resource blocks reserved at each bandwidth edge

	D2D period 
	10 seconds
	

	D2D subframes
	64 or 32
	Actual resource for discovery messages is one less subframe due to device-based synchronisation signal

	Network timing
	synchronous or asynchronous
	

	Cyclic prefix
	normal
	12 SC-FDMA symbols per subframe, 2 DMRS

	Device transmit power
	23dBm
	No range-reduction by power limitation implemented

	Device noise figure
	9dB
	As per [8]

	Device receive antennas
	dual
	As per [8]

	Devices / sector
	150
	As per [9]

	D2D timing advance
	None
	Transmitted according to the received DL frame timing

	Cellular uplink SINR target
	6dB
	Target SINR at base station for conventional PUSCH

	Duplex switching time
	20µs
	Transition between transmit / receive operation (or vice-versa)

	Spectral mask
	[2, 3]
	Employed for both D2D transmissions and also conventional PUSCH transmissions

	D2D device drop option
	1,3 & 5
	All variants of 5 (i.e. uniform outdoor, hotspot and indoor-outdoor)

	Device-to-device pathloss 
	as per [9]
	Winner+ B1 UMi, Winner+ B4 O2Ia and 3GPP InH with modifications as agreed

	Device-to-device LOS probability
	as per [9]
	ITU-R UMi LOS

	Device-to-device shadowing
	as per [9]
	Shadowing correlation IID

	Device-to-device fast-fading
	as per [9] 
	ITU-R UMi LOS & NLOS, ITU-R UMi O2I, ITU-R InH LOS & NLOS


7.2
Simulation results
Detailed simulation results for all dropping options simulated showing the number of discoverable neighbours at various distances are presented in Figure 2 to Figure 11 below.  These results show curves for synchronous (even figure numbers) and asynchronous (odd figure numbers) network timings, with and without transmit mask, 64 and 32 D2D subframes.  All detectable neighbours are shown with solid lines and non-detectable neighbours are shown with dashed lines.
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Figure 2 – Dropping option 1, synchronous network 
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Figure 3 – Dropping option 1, asynchronous network
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Figure 4 – Dropping option 3, synchronous network
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Figure 5 – Dropping option 3, asynchronous network
[image: image6.emf]0 100 200 300 400 500 600 700 800 900 1000

0

50

100

150

200

250

distance, m

devices

Distance CDF - option 5 (UNIFORM), synchronous network

 

 

no mask, 64 subframes

mask, 64 subframes

no mask, 32 subframes

mask, 32 subframes

detectable

non-detectable


Figure 6 – Dropping option 5 (uniform), synchronous network
[image: image7.emf]0 100 200 300 400 500 600 700 800 900 1000

0

50

100

150

200

250

distance, m

devices

Distance CDF - option 5 (UNIFORM), asynchronous network

 

 

no mask, 64 subframes

mask, 64 subframes

no mask, 32 subframes

mask, 32 subframes

detectable

non-detectable


Figure 7 – Dropping option 5 (uniform), asynchronous network
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Figure 8 – Dropping option 5 (hotspot), synchronous network
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Figure 9 – Dropping option 5 (hotspot), asynchronous network
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Figure 10 – Dropping option 5 (indoor-outdoor), synchronous network
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Figure 11 – Dropping option 5 (indoor-outdoor), asynchronous network

















































