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Discussion
1.
Summary
In contribution [2], we presented and discussed preliminary system-level evaluation results for D2D discovery when using RACH and SRS-like discovery signals.

In this contribution we show achievable detection range and probability of acquisition for Type 1 and Type 2 discovery procedures following the terminology agreed in May 2013 RAN1#73. The goal of this contribution is to characterize system behavior for dynamically assigned eNB controlled D2D transmission opportunities versus UE autonomous transmissions using a pool of semi-statically reserved UL subframes.

Our evaluation results use the example of SRS as discovery signals in the D2D General Scenario based on the agreed evaluation methodology and assumptions from RAN1#72bis and RAN1#73.

2
Introduction
For evaluation purposes, we assume that D2D transmission opportunities are semi-statically reserved by the eNB through use of cell-specific and semi-static RRC configurations (Figure 1).
The allocation of actual D2D transmission opportunities to individual UE’s within the pool of allocated D2D UL resources is then done dependent on the type of evaluated Discovery procedure.
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Figure 1: Allocation of cellular UL and D2D discovery signals on UL resources
Furthermore, we assume that D2D discovery is done in a multi-step procedure. First, a L1 D2D discovery signal without payload is transmitted, which is then followed by a D2D service discovery data exchange involving payloads.

The motivation for such an approach is twofold. Many operational assumptions regarding D2D discovery in network-assisted and network-integrated D2D mode are still under discussion. It can already be said however that D2D discovery will involve the exchange of expression codes and/or authentication messages/codes for D2D devices. Typical payload sizes involved into such an exchange will likely reach the order of several 10 up to around 100 bytes. Clearly, discovery ranges and acquisition probabilities for UL data channels carrying such high payloads suffer from reduced link budgets. Using signature sequences or known access patterns without payload in a first step for D2D discovery is one way to allow for efficient discovery at good range with at little cost in terms of UL resource usage. In addition, at least up to several 100 of D2D devices may need to be discovered for open discovery. It is significantly easier to use existing LTE signal structures like RACH preambles and implement low-complexity algorithms allowing for fast simultaneous detection of multiple unknown signals present in a subframe.
In summary, one possibility for D2D discovery is to rely on the transmission of some form of signature sequence or a known signal pattern during the allocated D2D Tx opportunities in UL subframes prior to actual payload exchange. It is possible to consider both existing LTE transmission formats and new signaling formats as candidates for D2D discovery signals.

New signaling formats may offer the potential for even better trade-off’s in terms of D2D UL subframe multiplexing capacity and to reduce detection complexity in presence of many candidate D2D discovery signals. More importantly, it is possible to use a new type of D2D access signal to simultaneously discover presence of D2D devices in the vicinity while also using that same access signal for link adaptation and channel allocation purposes for D2D communications.
In our view, it is instructive to first evaluate the performance of RACH preambles and SRS as two suitable candidates for discovery signaling in the context of D2D. For both, eNB detection performance is known and they are already implemented in the LTE UE UL transmitter chain. Use of either RACH or SRS would not result in any change for Tx side RF requirements to support D2D discovery signals in LTE.

Using RACH preamble format 0 as example, signal energy per D2D transmission opportunity is 10.5 dB higher than using SRS which occupies 1 OFDM symbol. Using existing RACH preambles, 64 preamble sequences can be made available per D2D transmission opportunity. Use of SRS is more energy efficient given that only 1 OFDM symbol is used and up to 8 different users can transmit simultaneously. However, Tx/Rx switching delays become non-negligable when compared to the small duration of the SRS carrying OFDM symbol which may affect PUSCH/PDSCH demodulation when tuning to D2D transmission opportunities. For the example of RACH based D2D discovery signals, intra-cell interference from D2D discovery signals is incurred when different ZC root sequences are used, which is possible if the number of dropped UE’s becomes large. Inter-cell interference is incurred from UE’s in neighbor cells/sectors and will depend on the distance of those interfering UE’s and increase with increasing UE density.
There is therefore a fundamental trade-off in terms of D2D multiplexing capacity, discovery range and detection probabilities for successful and missed acquisition when looking at RACH vs. SRS-like signals for D2D discovery.

It can be said that use of either RACH preambles or SRS can be done through minimum modifications to existing LTE UL transmissions. For example, RACH preambles in 6 RB’s BW can be used as D2D discovery signals by choosing UL subframes that are not allocated through one of the existing RACH configurations, or separate D2D RACH regions can be used in case of shared subframes for cellular UL and D2D.

3
Evaluation methodology and results
We assume that the same D2D transmission opportunities are reserved in all cells in the deployment, i.e. cellular UL traffic and D2D discovery signals are orthogonalized in time-domain, i.e. no mutual interference from co-scheduling data and D2D discovery signals.

Our evaluation results are for the General Scenario and use the evaluation methodology and assumptions agreed in RAN1#72bis and RAN1#73.These are summarized in the Appendix.

We show achievable detection range and probability of acquisition for Type 1 and Type 2 discovery procedures following the terminology agreed in May 2013 RAN1#73. Type 1 is a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis and where resources can be for all UE’s or group of UE’s. Type 2 is a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis.

We use the example of SRS as discovery signals in the D2D General Scenario to characterize system behavior for dynamically assigned eNB controlled D2D transmission opportunities versus UE autonomous transmissions using a pool of semi-statically reserved UL subframes.

We therefore compare achievable detection performance and probability for successful acquisition using SRS for two fundamentally different types of transmission behaviour.
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Figure 2: Deployment grid and user drop model for D2D General Scenario
In the first evaluation approach, D2D UE’s in the deployment randomly choose where and when to transmit their discovery signals. UE’s choose a transmission opportunity for their D2D discovery signals within the pool of semi-statically configured D2D UL subframes by the eNB, i.e. Type 1 Discovery where D2D UE’s transmit autonomously within an eNB reserved set of UL subframes for D2D.
For any given transmission opportunity, i.e. UL subframe, up to 20 D2D UE’s can concurrently transmit while the remaining UE’s in the deployment attempt to detect UE discovery signals. Another random group of up to 20 D2D UE’s then transmits their D2D discovery signals in the next following transmission opportunity, until all D2D UE’s have transmitted their discovery signal at least once.
In the second evaluation approach, transmission opportunities for D2D UE’s in the deployment are fully controlled and dynamically assigned by the eNB, i.e. Type 2 discovery.

Maximising spatial reuse between transmitting UE’s when sending their D2D discovery signal in the same UL subframe is the criteria used to dynamically allocate transmission opportunities by the eNB to a selected group of D2D UE’s while the remaining D2D UE’s in the deployment attempt to detect UE discovery signals. The eNB will issue multiple dynamic grants to allow for one-shot transmission of UE discovery signals by several UE’s in a given subframe, but only to those D2D UE’s that are ideally not in radio range with respect to each other. eNB scheduling ensures that through successive transmission opportunities, every D2D UE has a chance to transmit its D2D Discovery signal at least once.
In order to make a meaningful comparison between Approach 1, random, and Approach 2, maximum spatial reuse, exactly the same number of UL subframes is used.
Evaluation results are shown in Figure 3. We show the CDF of time needed for successful acquisition for all D2D UE’s present in the deployment (left). We show the CDF of path gains (right).
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Figure 3: Acquisition time and geometry distribution for Type 1 vs. Type 2 D2D Discovery with SRS
It can be seen from the results in Figure 3 that there is a strong motivation to allow for fully eNB controlled and dynamically assigned UL transmission opportunities for D2D discovery signals, i.e. discovery Type 2.

eNB controlled dynamic grants to D2D UE’s to transmit their discovery signal using maximizing spatial separation as a criteria allows to achieve link budgets of 20 dB better when compared to UE autonomous transmissions due to their much worse average geometry for the discovery signal.

Required acquisition time to measure and successfully detect a number N of D2D peer UE’s in the system is factor 10 faster for around 75% of D2D devices when using eNB dynamic grants.
However, Figure 3 also shows that even in a genie-aided system such as assumed for the Type 2 discovery approach maximizing spatial reuse, discovery for around 25% of D2D devices cannot be efficiently scheduled by the eNB. This is simply due to the fact that the UE distribution which is left after successfully grouping spatially isolated D2D transmitters must experience bad geometry.
We note that above results only serve the purpose of upper-bounding the achievable detection performance for the case of Type 1 discovery using pooled and semi-statically reserved UL subframes versus Type 2 discovery using eNB dynamic grants. Max spatial isolation as criteria for assigning D2D transmitter groups may not be in reach in a practical system operation.

4
Conclusions and Recommendations

Using the example of SRS as discovery signals in the D2D General Scenario, we compare achievable detection range and probability of acquisition for Type 1 and Type 2 discovery procedures following the terminology agreed in May 2013 RAN1#73.

From the results it can be seen that there is a strong motivation to allow for fully eNB controlled and dynamically assigned UL transmission opportunities for D2D discovery signals, i.e. discovery Type 2.

For a targeted miss-detection rate of 1%, eNB controlled dynamic grants to D2D UE’s to transmit their discovery signal using maximizing spatial separation as a criteria allows to achieve link budgets of 20 dB better when compared to UE autonomous transmissions resulting due to their much worse average geometry for the discovery signal. Required acquisition time to measure and successfully detect a number N of D2D peer UE’s in the system is factor 10 faster for around 75% of D2D devices when using eNB dynamic grants.

Results also show that even in a genie-aided eNB scheduling approach, around 25% of D2D devices cannot be efficiently scheduled by the eNB. Autonomous UE transmissions of the discovery signal within semi-statically eNB reserved UL subframes, i.e. discovery Type 1 will always result in predictable acquisition times and is scalable for the number of D2D devices present in the system.
In summary, we think that both Type 1 and Type 2 discovery mechanisms are needed for D2D.
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Appendix – Evaluation assumptions
	Category
	Parameter
	Value

	Deployment
	Simulation scenario
	General scenario: Option 1

	
	Deployment layout
	7 sites with 3 sectors per site

	
	Number of active D2D UEs
	125 per sector

	
	Number of active WAN UEs
	25 per sector

	Discovery
	System bandwidth
	10 MHz uplink and 10 MHz downlink FDD

	
	Target false alarm rate 
	0.1%

	
	Target misdetection rate 
	1%

	
	Discovery signal type
	SRS

	
	Discovery signal length
	24

	
	Discovery signal Bandwidth 
	4 RBs

	
	Detection search window length
	4.16 µs

	
	Number of cyclic shifts
	8

	
	Tx power
	20 dBm

	Channel model
	Path loss
	O2O: Winner+B1
	O2I: Winner+B4
	I2I: InH

	
	Shadowing 
	O2O: 7 dB log-normal
	O2I: 7 dB log-normal
	I2I:  LOS: 3 dB log-normal

NLOS: 4dB log-normal

	
	Fast fading
	O2O: ITU-R IMT UMi LOS and NLOS
	O2I: ITU-R IMT UMi O2I
	I2I: ITU-R IMT InH LOS and NLOS


