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1 Introduction
This contribution addresses the physical discovery channel design for ProSe D2D operations. After a brief discussion about the principles of direct discovery the L1 beacon channel design is presented, followed by a discussion on beacons resource mapping. 
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. 

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)

2.1 Open and Restricted Discovery

From a SA1 perspective, the difference between open and restricted discovery is limited to the need for authorization by the transmitter in case of restricted discovery. From a L1/L2 perspective, there is therefore no difference between open and restricted discovery [2], under the assumption that the D2D identity is in some way securely ciphered by higher layers in case of restricted discovery.
Nevertheless, some companies seem to consider the optimization of performance in case of restricted discovery, e.g., by defining restricted discovery as a “detection” problem based on a narrower set of hypotheses as compared to open discovery. Enabling such optimized detection may have different levels of impact on RAN1, RAN2 and RAN4 specs. 
Because of the impact of optimized solutions for restricted discovery at least on RAN1, RAN2 and RAN4 and because of the lack of such requirement by SA1, we believe that any optimization for restricted discovery should be further justified.

Proposal:
· Adopt  the RAN2 agreement that “We do not distinguish open and restricted discovery on access stratum level” also in RAN1
· Avoid any L1 optimization in favour of restricted discovery (as compared to open discovery)

2.2 Resource Allocation

Some options for resource allocation of discovery resources were captured in [3]. However, such agreement seems to mix the scheduling time-granularity aspect with the scope (UE-specific or common) of the resource allocation signalling. For the sake of more accurate discussion, we propose to adopt Table 1 for quick reference of the resource allocation alternatives.
Table 1: Updated summary table of resource allocation options for discovery beacons
	
	Each beacon is individually scheduled
	Beacon resources are semi-statically configured

	Beacon resources are non-UE-specific
	Type 1a
	Type 1b

	Beacon resources are UE-specific
	Type 2a
	Type 2b


Proposal:

· Adopt  Table 1 to complete the list of alternatives from RAN1#73

2.2.1 Time Granularity of Beacon Assignments

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]. 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. The periodicity of the beacons should be adjustable by the network and it should reflect considerations on energy consumption, capacity, overhead, reliability and latency requirements. 
Proposal:
· Discuss beacons periodicity after RAN2’s LS reply regarding latency requirements

Some companies seem to favour a single-shot approach for beacons transmission, where the trigger is determined by the network. However, considering the half-duplex UE limitation and the unpredictable interference scenario for D2D beacons it is impossible to reach all UEs in proximity with a single beacon transmission.
Proposal:

· Beacon resources are semi-statically configured

2.2.2 UE-specific vs. Common Beacon Resources

At least under NW coverage, beacon transmission resources are controlled by the NW. Therefore, from a D2D interference to WAN perspective, there is no difference between Type a and Type b solutions.

Scheduling resources in a UE-specific fashion would likely require RRC connection for such UEs, something that would burden the control signalling overhead for the whole system. This is particularly severe when considering that currently idle UEs might wish to participate to discovery.
Finally, it is even unclear how the NW should be able to even know which UEs should be controlled individually for discovery, since idle UEs do not in general signal their presence to the camping cell.

Because of the unclear use case and multiple associated complications, we propose to not support UE-specific discovery beacons resource allocation in LTE.

Proposal:

· Beacon resources are non-UE-specific
· Adopt Type 1b from Table 1.
3 Message and Sequence-Based Discovery
The following RAN1 working assumption allows two types of discovery procedures, message based and 2-stage discovery:

· Discovery uses a sequence plus message

· It is FFS whether the sequence may be the demodulation RS of the message

· For the message:

· PUSCH structure is reused, with:

· CRC is inserted, FFS between 16 and 24 bits

· Channel coding is used, FFS between Rel-8 turbo and tail-biting convolutional codes

· Rate matching is used for bit size matching and possibly for generating multiple transmissions

· Scrambling is to be used for interference randomization

· FFS whether UE-specific or not

· PUSCH DMRS is transmitted

· Possible additional RS is FFS

· Possible modifications to interleaver FFS

· CP length FFS

· Detailed RE mapping FFS

· Guard period details FFS

· FFS: consider the need for a time-varying hashing/scrambling function prior to channel coding

Message based discovery consists of a single discovery message (beacon) carrying the full D2D identity (104 bits according to the working assumption) and a CRC, used to detect successful discovery. One PRB BW is sufficient to achieve robust coding gain based on existing PUSCH, even considering that some rate matching might be needed in the case of guard periods. Increased beacon BW would result in increased interference probability, lower power spectral density (under a total tx power constraint) and reduced beacon capacity. A trade-off between time/frequency diversity and latency (depending on service latency requirements) can be achieved at MAC level by combining multiple discovery events, as described in the following.
Two-stage discovery is on the other hand based on transmission of a sequence possibly followed by a message. Some level of NW assistance is needed for mapping the sequences to full UE identities, something that affect the power efficiency and overhead of 2-stage discovery. One disadvantage of such approach is that it requires additional implementation effort as compared to message-based discovery, since both a message decoder and a sequence detector need to be implemented in the UE. A further issue is that the 2-stage approach cannot be applied to all cases, such as out of coverage. It is also observed that a clear detection criterion is lacking for the sequence detection approach, since CRC is not present. Another concern with sequence-based discovery is that sequences need to typically span at most two OFDM symbols, resulting in abrupt and short-scale power and interference level variations at the receiver, as compared to message-based discovery where the rx power level is assumed constant over one subframe. Thus, sequence-based discovery might require additional implementation effort in adjusting the AGC.
Proposal:

· Only message based discovery is supported
4 L1-MAC Interface for D2D Discovery

At L1, discovery can be seen as a process where beacons are periodically transmitted at predefined time instances. For each potential beacon, L1 detects a successful detection event based on some criterion such as CRC-check in the L1 discovery beacon. The periodicity of the beacons and the reliability and range of beacon detection are being discussed in RAN1. It is noted that, even with favourable link conditions, the detection probability of beacons is expected to be far from 1 due to, e.g., half-duplex constraints, limitations in the receiver dynamic range, in-band emissions and other impairments.

It is assumed here that L1 delivers to MAC each successful D2D Discovery detection event. The MAC layer may combine multiple L1 discovery events in order to obtain reliable discovery information to be signalled to higher layers. The MAC signals to higher layers a detection event based on combination of possibly multiple discovery events. The combination of L1 discovery events happens according to a currently undefined function implemented at MAC level.

We think it is beneficial to define a L1 D2D Discovery detection combining algorithm at MAC layer, and RAN2 should therefore develop it. In order to allow RAN1 to develop a L1 discovery solution, the following needs to be developed by RAN2 (partly based on requirements input from SA1) and communicated to RAN1:

· What is the L1-MAC interface for discovery

· What is the MAC-higher layers interface for discovery

· What is the service latency requirement for discovery (this needs to be provided by SA1)

· What is the service reliability requirement for discovery (this needs to be provided by SA1)

· How are multiple L1 detection events combined at MAC level (e.g., detection is considered successful when at least N L1 beacons are detected within a certain time window).

Proposal:

· L1 signals to MAC each successful discovery message detection.

· L1 discovery messages periodicity and reliability requirements can be agreed only after the combination algorithm of L1 beacon events at MAC level and the latency requirements at application level are defined.
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Figure 1: Discovery events signalling from L1 to MAC and App layer
5 Beacons Resource Mapping
FDM mapping of beacons within the same subframe has a number of advantages:

Pros:

· Efficient solution for receiver energy consumption

· Efficient receiver implementation with a single FFT

· 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.


[image: image2]
Figure 2: FDM of beacons within a discovery subframe

Proposal:

· Consider FDM mapping of beacons as baseline
5.1 Discovery Beacon Resources 

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 for each UE that is camping on it.

All out of coverage UEs use pre-configured resources for discovery. Such pre-configuration might be managed by the NW when in coverage.

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

· Some parameters related to beacon resources configuration are pre-configured for PS UEs. UEs adopt such pre-configuration unless differently configured by the NW
5.2 Control Information Relayed by the UEs

Certain UEs in the NW may be tasked by the NW to relay control information, including e.g. information about resources for discovery and communication, to surrounding UEs. UEs that are out of NW coverage or camping on another cell, but still in proximity of the control-relay UE, may take advantage of such information in order to optimize the receiver and efficiently monitor discovery and data communication from the UEs that are in coverage.
Proposal:

· Certain UEs under NW coverage may relay control information about discovery resources to other UEs that are either under coverage of another cell/PLMN or outside NW coverage
6 Cyclic Prefix, Receiver Implementation and QCL

One of the main concerns from a receiver implementation perspective is the necessity to implement multiple parallel FFT associated to different timings and Doppler shifts of the incoming beacons. Such a necessity can be avoided as long as all the incoming beacons of interest are received within the receiver window, which is based on the associated D2DSS. In other words, the combination of time misalignment and delay spread should not exceed the CP. Therefore, the following proposal from RAN1#74bis appears particularly agreeable in order to solve the above issues:
Stefano’s proposal: At a given time the UE may assume that all signals that it is expected to detect are quasi-co-located w.r.t. propagation delay
Proposals:

· Discovery beacons may be assumed to be quasi co-located with respect to propagation delay and Doppler shift with respect to the associated D2DSS

· The need for extended CP for the discovery beacons need to be evaluated

· Loss of orthogonality with legacy signals should be considered

7 Conclusions

This contribution discusses the beacon channel design for LTE D2D, for direct 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 and partial/no NW coverage scenarios (for PS only)
Proposals:
· Adopt  the RAN2 agreement that “We do not distinguish open and restricted discovery on access stratum level” also in RAN1
· Avoid any L1 optimization in favour of restricted discovery (as compared to open discovery)

· Adopt  Table 1 to complete the list of alternatives from RAN1#73

· Discuss beacons periodicity after RAN2’s LS reply regarding latency requirements

· Beacon resources are semi-statically configured

· Beacon resources are non-UE-specific
· Adopt Type 1b from Table 1.
· Only message based discovery is supported
· L1 signals to MAC each successful discovery message detection.

· L1 discovery messages periodicity and reliability requirements can be agreed only after the combination algorithm of L1 beacon events at MAC level and the latency requirements at application level are defined.
· Consider FDM 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

· Some parameters related to beacon resources configuration are pre-configured for PS UEs. UEs adopt such pre-configuration unless differently configured by the NW
· Certain UEs under NW coverage may relay control information about discovery resources to other UEs that are either under coverage of another cell/PLMN or outside NW coverage
· Discovery beacons may be assumed to be quasi co-located with respect to propagation delay and Doppler shift with respect to the associated D2DSS

· The need for extended CP for the discovery beacons need to be evaluated

· Loss of orthogonality with legacy signals should be considered
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