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1 Introduction
This contribution addresses the physical beacon channel design for ProSe D2D operations. After a brief discussion about the principles of direct discovery and direct scheduling trigger for broadcast communication the L1 beacon channel design is presented, followed by a discussion on beacons resource mapping. Link level results are presented supporting a proposal for the design of reference signals and different options to avoid strong interference due to timing issues.
2 Discovery Principles

D2D is required to work in a number of scenarios, including, among others, cellular networks where the cells are not time-synchronized, inter-PLMN, partial- and out-of-NW-coverage scenarios. The two latter scenarios are for Public Safety (PS) only. It is preferable to develop a common D2D technical solution for PS and commercial UEs, as supported by a large majority of companies [2].
Observations:

· A unique technical solution is preferred for D2D, covering all the required scenarios

· D2D needs to be supported for synchronized deployments, unsynchronized deployments, inter-PLMN and partial/no NW coverage scenarios (for PS only)

A straightforward solution for discovery in the mentioned D2D scenarios is to assume that discovery beacons are periodically transmitted by UEs on a dedicated direct access beacon channel [3]. Given that discovery is a continuous process in time, discovery latency is, in general, a less critical performance measure. While UEs progressively move into proximity of each other their discovery beacons become detectable, making them discoverable. Such a process is driven by UE mobility and it is relatively slow. Therefore, assuming moderate mobility scenarios discovery latency in the order of tens of seconds appears acceptable. 
Furthermore, discovery latency may be traded for increased reliability by defining L2 discovery as a function of multiple L1 discovery events. A similar approach is used, e.g., in L2 filtering of RRM measurements for UE mobility.

Another aspect that needs clarification is whether discovery should be supported by idle UEs or not, with a clear trade-off in terms of signalling overhead and improved functionality. We believe that this aspect should be clarified by RAN2.
Proposal:

· Clarify with RAN2 whether cellular-idle UEs are able to be discoverable and to perform discovery

Observations:

· Discovery is a continuous process based on periodic transmission of discovery beacons
· Latency is not a critical metric for discovery performance evaluation
· Average discovery latency in the order of tens of seconds is reasonable
· Support of all the required scenarios, uniqueness of the technical solution, implementation complexity, reliability, range and energy efficiency are more relevant comparison criteria for direct discovery

· Discovery reliability can be traded for latency by combining multiple L1 discovery events at L2

In order to support the above requirements with a common solution, it is necessary that discovery is able to operate in an asynchronous fashion. It is noted that the performance advantages of synchronous discovery can still be fully exploited in deployments that allow for such type of operation (e.g., synchronized LTE networks). In order to achieve the advantages of synchronous discovery (when possible) and at the same time fulfil the requirements for the various scenarios with a unified technical solution for commercial and PS use cases, the following is proposed:

Proposal:
· UEs are able to decode asynchronous beacons on the beacon channel

· The beacon channel is designed in such a way that time-domain tracking can be performed efficiently

3 Direct Access Beacon Channel Design

The physical beacon channel has two main functions:

· Carrying discovery beacons

· Carrying scheduling assignments for broadcast communication.

The L1 design of the beacon channel is highly dependent on the payload size that needs to be carried by such messages. Internal assessments show that the typical payload could be in the order of ~100 bits.

Proposal:
· Both discovery beacons and scheduling assignments for broadcast communication are carried by the same physical beacon channel

· Consider a discovery beacon payload of approximately ~100 bits for RAN1 evaluations

· Revise the beacons payload assumptions after discussion with RAN2

Another important aspect is the SNR range for beacons. As a baseline, a required SNR of approximately 0dB at moderate speed over an AWGN channel is assumed to be sufficient for beacons, which translates in a spectral efficiency not exceeding 1 b/s/Hz. Additional system level results are required to adjust the desired beacon detection threshold, once the L1 reference design is agreed. Assuming 4 RSs/beacon, 1 PRB provides 120 data symbols, which is sufficient for the proposed SNR target
Proposals:
· Assume 0dB SNR target in AWGN for beacon design and 1 PRB bandwidth as baseline
4 Beacons Resource Mapping

Contribution [3] in Fukuoka included a comparison of TDMA, FDMA and CDMA multiplexing techniques for the messages on the beacon channel. In this contribution we focus on the FDMA approach shown in Figure 1, where discovery beacons are multiplexed within periodic beacon subframes. This approach has a number of pros and cons:

Pros:

· Efficient solution for receiver energy consumption (for synchronous discovery only)

· Inband emissions generate only inter-beacon interference (within a cell)

· Cellular-beacons interference may still happen between UEs belonging to different cells, PLMNs, clusters [4], etc.

Cons:

· Beacons are affected by cellular and D2D channels at least in inter-cell/inter-cluster scenarios

· Parallel beacon decoders and parallel time-domain correlators increase the UE computational load

· The dynamic range of the receiver limits the number of beacons detected in the same subframe because of near-far problems
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Figure 1: FDM of beacons within a discovery subframe

Proposal:

· Consider FDMA mapping of beacons as baseline
4.1 Beacon Resources Within NW Coverage

If NW coverage is available, it is assumed that the UE derives synchronization (for both cellular and D2D operations) from the NW. It needs to be further studied whether it is preferable to allow a distributed approach for interference avoidance/control (within a pool of NW configured resources) or if the NW should have fully centralized control of the discovery resources (including timing advance) for each UE that is camping on it.

Proposal:

· The NW configures discovery resources for associated UEs performing D2D

· Study whether the discovery resources should be assigned in a centralized or hybrid (centralized/distributed) fashion

· Study if TA for beacon transmission should be controlled by the NW
4.2 Beacon Resources Outside NW Coverage

If the UE is out of NW coverage, two cases are possible [4]:

1. The UE is camping on a cluster head (CH)

2. The UE acts as CH

In the first case, the CH acts similarly as a NW and signals discovery resources to the UEs camping under the CH coverage. The CH-approach allows retaining part of the advantages of NW control even in case of lack of NW coverage.

In the second case, the UE assigns beacon resources to itself and associated UEs, similarly to what the eNB would do in a NW coverage case. 

Proposal:

· The CH controls beacon resources for associated PS UEs in a similar fashion as the NW controls beacon resources for the associated UEs
In case of lack of NW coverage, some parameters related to at least beacon resources are pre-configured in PS UEs. E.g., the periodicity of beacon transmission and the pattern of beacon resources may be assumed to be known for UEs that are out of NW coverage and isolated from any other PS UE with D2D capabilities.

Proposal:

· Some parameters related to beacon resources configuration are pre-configured for PS UEs. UEs adopt such pre-configuration unless differently configured by the CH or NW
5 Demodulation Performance and Reference Signals Design
Section 3.2 in [4] discusses different RS patterns designs and RS densities for beacon transmission, from a synchronization accuracy and coverage perspective. It is concluded in [4] that at least 3 RSs/beacons are needed for accurate synchronization/detection.

In this section, we provide demodulation results for different beacon formats, assuming 2, 3 and 4 RSs/beacon and constant payload of 100 bits (Figure 2). Due to rate matching, the pattern with 4 RSs/beacon is approximately 1dB worse than the one with 2 RSs/beacon and ~0.5dB worse than the pattern with 3 RSs/beacon. 
It should be remarked that the results in Figure 2 are with ideal synchronization. As shown in [4], the pattern with 2 RSs/beacon has poor synchronization performance in the SNR range of interest and it is thus not preferred despite the slightly better performance shown in Figure 2.

Regarding coverage, approximately 4-5dB are required for beacon detection with fading channels. In case such a threshold is too high, a smaller payload than 100 bits may be recommended to RAN2.
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Figure 2: BLER vs SNR for different beacon RS densities. Red curves: 2 RS/beacon, Blue: 3 RS/beacon, Green: 4 RS/beacon. Dashed: ideal estimation, Continuous: practical estimation.
Proposal:

· For beacon RSs, consider the following design:

· 8 used subcarriers, 2+2 empty guard subcarriers at the signal band edges
· FFS whether 3 or 4 RS symbols beacon should be used for efficient time and frequency estimation in various mobility environments

6 Timing Aspects and Guard Periods
Because of different propagation delays and possibly TA commands between cellular and D2D communications UEs may experience inter-UE and/or intra-UE interference (i.e., tx/rx collision) at the beginning and/or tail of the D2D subframes. Additionally, if TA for D2D transmission is not controlled by the NW (including the beacon channel) even cellular communication may be affected by interference from D2D.
The fraction of interfered symbols depends on the range of D2D signals and it reasonably spans at most 10-20µs at the beginning and end of the D2D subframe. If no solutions are adopted some beacons may be undetectable because of inter/intra-UE interference and interference might be generated towards the cellular NW. Therefore, two types of solutions are considered here:
· Transmitter-centric solutions: the transmitter avoids interference by puncturing the beginning of the first SC-OFDM symbol and/or the end of the last SC-OFDM symbol of the beacon, in order to prevent interference towards other UEs and the cellular NW (Figure 3-a);
· Receiver-centric solutions: the receiver punctures the soft bits corresponding to the interfered/collided parts of the SC-OFDM symbol, i.e.,  the beginning of the first SC-OFDM symbol and the end of the last SC-OFDM symbol of the beacon (Figure 3-b). The LLR for the remaining soft bits in the collided/interfered SC-OFDM symbol may be adjusted, too.
Both for the transmitter-centric and the receiver-centric solution it is preferable to avoid mapping systematic bits to the punctured parts of the SC-OFDM symbols. Details about interleaving are left FFS.

The transmitter-centric solution can be seen as a generalized guard period, where only a fraction (e.g., 10-20µs) of the first/last SC-OFDM symbol is punctured. Removing the whole first and last SC-OFDM symbols of the subframe would incur in an overhead of 2/14=14.3%, while puncturing only the first/last 20µs in the subframe has an overhead of 2*20µs/1ms = 4%. The legacy receiver can be used even for the punctured SC-OFDM symbols by puncturing the most affected soft bits.
The receiver-centric solution obviously does not increase overhead of the transmitted signal, but it is not able to avoid interference towards the cellular NW. Also in the receiver-centric solution, the soft bits corresponding to the interfered part of the SC-OFDM symbols are punctured in the decoder.

[image: image3]
Figure 3: a) transmitter-centric interference avoidance, b) receiver-centric interference avoidance
Figure 4 shows the performance for a QPSK-1/2 1-PRB beacon reception (EPA 3km/h channel) where the last 20us in the subframe are collided and punctured by the transmitter. The legacy LTE PUSCH performance (without collision) is compared to a scheme where a fraction of the last SC-OFDM symbols are punctured, as discussed above. Interleaving is modified in order to minimize the number of punctured systematic bits. 
Based on the results in Figure 4, it is observed that:

· The performance loss with intra/inter-UE interference can be minimized by puncturing a fraction of the first/last SC-OFDM symbols

· Puncturing the first or last SC-OFDM symbols results in approximately 0.5dB loss, assuming a modified interleaver.

[image: image4]
Figure 4: Performance comparison in case of {0;20}µs collision at the end of the subframe for selective puncturing of 20µs vs. puncturing the whole last SC-OFDM symbol. A modified interleaver mapping redundancy bits to the punctured fraction of the subframe is considered.
Proposal:

· Consider puncturing of beginning/end of first/last OFDM symbols in the beacon transmission to reduce interference towards cellular and D2D
· Puncturing 20µs at the beginning and end of each beacon is proposed as baseline

· Avoid mapping systematic bits to the punctured part of the symbol

· Interleaver details are FFS
7 Conclusions

This contribution discusses the beacon channel design for LTE D2D, for broadcast scheduling assignments transmission as well as discovery. The following is observed and proposed:
Observations:

· A unique technical solution is preferred for D2D, covering all the required scenarios

· D2D needs to be supported for synchronized deployments, unsynchronized deployments, inter-PLMN discovery and partial/no NW coverage scenarios (for PS only)

· Discovery is a continuous process based on periodic transmission of discovery beacons
· Latency is not a critical metric for discovery performance evaluation
· Average discovery latency in the order of tens of seconds is reasonable
· Support of all the required various scenarios, uniqueness of the technical solution, implementation complexity, reliability, range and energy efficiency are more relevant comparison criteria for direct discovery

· Discovery reliability can be traded for latency by combining multiple L1 discovery events at L2
Proposals:

· Clarify with RAN2 whether cellular-idle UEs are able to be discovered and to perform discovery

· UEs are able to decode asynchronous beacons on the beacon channel

· The beacon channel is designed in such a way that time-domain tracking can be performed efficiently

· Both discovery beacons and scheduling assignments for broadcast communication are carried by the same physical beacon channel

· Consider a discovery beacon payload of approximately ~100 bits for RAN1 evaluations

· Revise the beacons payload assumptions after discussion with RAN2
· Assume 0dB SNR target in AWGN for beacon design and 1 PRB bandwidth as baseline
· Consider FDMA mapping of beacons as baseline
· The NW configures discovery resources for associated UEs performing D2D

· Study whether the discovery resources should be assigned in a centralized or hybrid (centralized/distributed) fashion

· Study if TA for beacon transmission should be controlled by the NW
· The CH controls beacon resources for associated PS UEs in a similar fashion as the NW controls beacon resources for the associated UEs
· Some parameters related to beacon resources configuration are pre-configured for PS UEs. UEs adopt such pre-configuration unless differently configured by the CH or NW
· For beacons RSs, consider the following design:

· 8 used subcarriers, 2+2 empty guard subcarriers at the signal band edges
· FFS whether 3 or 4 RS symbols beacon should be used for efficient time and frequency estimation in various mobility environments

· Consider puncturing of beginning/end of first/last OFDM symbols in the beacon transmission to reduce interference towards cellular and D2D

· Puncturing 20us at the beginning and end of each beacon is proposed as baseline

· Avoid mapping systematic bits to the punctured part of the symbol

· Interleaver details are FFS
Appendix A: Simulation Parameters
	Channel model
	AWGN, EPA, ETU

	Antennas config
	SIMO, 2 uncorrelated rx antennas

	Mobility model
	Dual mobility (v1,v2) [5]

	Carrier frequency
	2GHz

	UE speed
	v1=v2=3,60km/h

	SNR definition
	Average SNR per subcarrier

	Payload
	100 bits

	MCS
	QPSK

	Coderate
	0.41 (2 RS), 0.45 (3 RS), 0.5 (4 RS)

	RS patterns
	From Figure 5

	Synchronization
	Ideal
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Figure 5: RS patterns for the simulation results in Figure 2. Further considerations about the RS patterns design are provided in [4].
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