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1 Introduction

The companion contribution [1] proposed several solutions for proximity discovery applicable to different discovery use cases, and reviewed key considerations that influence the implementation of proximity discovery at the physical layer. As such it addresses the physical layer options portion of the following objective identified in the SID [2]:

Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage to discover each other in proximity directly in a power-efficient manner 
In this paper we focus on the second part of this objective, and propose specific physical layer enhancements, and their application  to the design of discovery signals. We motivate these design choices by first reviewing the main RF impairments to discovery, and propose options to address each impairment. As direct discovery would entail the biggest impacts to the PHY of all the discovery approaches considered in [1], we provide a detailed discussion of the resource allocation for direct discovery.
2 Impact of RF Impairments on Discovery
A number of RF related impairments will impact the performance of D2D discovery and communication. These impairments include: 
a. Radio link budget

b. Interference from other signals

c. RF blocking  
The first two of these have traditionally been the limiting factors of wireless communication, determining respectively the coverage and capacity of wireless services. 

RF blocking is a manifestation of the limited dynamic range of any wireless receiver. If two RF signals are received by the same receiver simultaneously, and one of the signals is at substantially higher level than the other, the stronger signal may completely saturate the receiver’s dynamic range. Thus the receiver may not be able to receive or decode the weaker signal, even though there is no direct interference between these two signals (for example the two signals may be allocated to orthogonal frequency resources). 

RF blocking is less prevalent than the first two types of impairments in most wireless systems, due to appropriate system design. For example, power control can be used to limit the difference in received strength between different signals. Furthermore, spatial separation of transmitters and receivers (for example between eNB and UE), normally suffices to guarantee that RF blocking is not a significant challenge within a single wireless system. However, RF blocking between different radio equipment is often a challenge for co-located base stations of different systems or technologies. In this case, deployment specific RF filtering is often introduced to limit or eliminate the impact of RF blocking at the eNB.
In the case of D2D discovery and communication, RF blocking at the UE is expected to have a more significant impact than what has traditionally been the case for cellular systems.. It can occur both for direct discovery, and also for eNB-directed discovery. 
RF blocking is illustrated in Figure 1 REF _Ref355611696 \h Error! Reference source not found. below. Here UETX_1 transmits a discovery signal that is received by UERX. Another UE (UETX_2) is in close proximity to UERX relative to UETX_1, and is also transmitting in the same subframe. UETX_2 may also be transmitting a discovery signal (which would typically be the case for direct discovery), or may be transmitting Uu uplink channels (e.g. PUSCH, PUCCH, RACH) towards an eNB. If the signal of UETX_2 is received by UERX much stronger than the signal of UETX_1, then UERX receiver may be saturated by the signal of UETX_2, and not be able to correctly receive the transmission of UETX_1, even though it is not directly interfered by the signal of UETX_2. 
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Figure 1. Illustration of RF Blocking
The concept of discovery subframes was introduced in [1]. One way to minimize the impact of blocking from Uu uplink channels is to minimize the scheduling of these channels in discovery subframes. This implies that we should maximize the utilization of discovery subframes for the transmission of discovery signals. This also means that discovery subframes will largely be unavailable for Uu traffic, and hence discovery subrames will directly subtract from UL system capacity. Thus the frequency of discovery subframes should also be minimized. 

· Observation 1: The eNB should avoid or minimize scheduling of Uu uplink channels in discovery subframes. 

· Observation 2: The system should minimize the frequency of discovery subframes, and should maximize the utilization of these subframes for the transmission of discovery signals. 
3 Discovery signal design

The design of the discovery signal should take into account the considerations discussed in  [1], and attempt to minimize the impact of RF impairments on discovery performance. Furthermore, the discovery signal may be optimized to address specific scenarios. For example, direct discovery and eNB-directed discovery may utilize different signals for discovery. In particular, for eNB-directed discovery it may be useful to reuse certain uplink signals or channels. Candidate signals might include SRS, PUCCH, PRACH or discovery signal transmission on PUSCH. 
· Observation 3: Direct discovery and eNB-directed discovery may utilize different discovery signal design. 

· Observation 4: eNB-directed discovery may reuse existing UL signals for discovery.

· Proposal 1: RAN1 should evaluate the suitability of existing UL signals for eNB-directed discovery.
Direct discovery applies to both connected and idle UEs. As such, existing Uu uplink signals would not be suitable for direct discovery. Thus a new signal design is required for direct discovery. Note that Observation 1 implies that a large number of UEs would typically transmit their discovery signals in a discovery subframe. Consequently a key consideration for efficient discovery is minimizing the impact of RF blocking.

3.1 Minimizing blocking of discovery signals
Note that traditional power control solutions will not work to limit or eliminate the impact of RF blocking for direct discovery. The reason for this is that there is no single recipient of all the discovery signals. Rather, in order to achieve efficiency in the discovery process, and to limit the number of air-interface resources allocated for discovery, as many UEs as possible should discover the transmitting UEs simultaneously. Because of this, there is no single receiver that can serve as a reference for power control. However, there are several potential methods to address RF blocking:
· Method 1: Minimize discovery signal transmissions in 1 OFDM symbol. To mitigate RF blocking, the discovery signal would ideally occupy 1 or few OFDM symbols, and many subcarriers. This minimizes the number of discovery opportunities that overlap a single OFDM symbol, and hence minimizes the chances for RF blocking to occur. If blocking does occur, only a small number of discovery signals will be blocked, and hence the performance degradation is minimized. Figure 2 illustrates discovery signal resource optimized for RF bloacking.
· Method 2: Randomize the transmit power of discovery signals. Although traditional power control cannot be used combat RF blocking, transmit power randomization can significantly improve discovery success rate. The reason is that a transmitting UE in close proximity to a receiving UE, need not always block other discovery signals, since its transmit power will occasionally be much lower that the transmit power of the distant UE. Thus the distant UE would have some chance to be discovered also.
· Method 3: Group transmitting UE together. If all of the UEs transmitting discovery signals simultaneously are in relative close proximity to each other, then their path loss to a distant receiver, and hence the signal level of their respective discovery signals, will be roughly equal. Furthermore, the difference in discovery signal strength will be reduced the farther the location of the receiver is. Hence, most of the receiving UEs should not experience RF blocking. The grouping of transmitting UEs can be organized and controlled by the eNB, or may be implemented in a self organizing method.

[image: image2.wmf]RB

1

RB

2

RB

3

RB

4

RB

5

RB

6

F

r

e

q

Time

Discovery Signal A

Discovery Signal B

Guard 

Time


Figure 2. Discovery signal optimized for RF bloacking
Note that these methods are not mutually exclusive, and can be used in combination to maximize discovery efficiency and performance.

· Proposal 2: RAN1 should evaluate the 3 methods proposed to minimize the impact of RF blocking, and identify the best combination of these methods for different use cases and deployment scenarios.
3.2 Maximizing discovery range
Obviously discovery range depends on the link budget for the discovery signal. The UE’s transmit power will typically limit the discovery range. However, there are at least two methods that can be used to maximize or extend the range of discovery:
· Method 1: Soft combining several transmissions of discovery signal. If the received SINR for a discovery signal is not sufficient to reliably decode the signal, then several transmissions may be combined. This combining may utilize either Chase combining or incremental redundancy. However, discovery success will be at the expense of additional delay. In general, it may take several transmissions for discovery to be successful
· Method 2: Maximize the number of OFDM symbols occupied by the discovery signal. By extending the discovery signal in the time domain, the cumulative power of the discovery signal can be increased. However, in order to keep the same number of discovery signals per discovery subframe, the frequency domain extent (number of RBs) of the discovery signal should be correspondingly reduced. This means that the number of discovery signals occupying a single OFDM signal will increase accordingly. Note that this opposite of Method 1 in section 3.1.

[image: image3.wmf]RB

1

RB

2

RB

3

RB

4

RB

5

RB

6

F

r

e

q

Time

Discovery Signal A

Discovery Signal  B


Figure 3. Discovery signal optimized for discovery range
It is clear that there is a tradeoff in discovery signal design optimized for discovery range vs. RF blocking. In general, RF blocking is more important if the density of ProSe UEs is high. In this case, there would not be a significant benefit to increasing the discovery range, as RF blocking would in any case prevent the discovery of a distant UE. On the other hand, if the density of ProSe UEs is low, then discovery range is potentially more critical. Hence, the optimum tradeoff between RF blocking and discovery range depends on the density and distribution of ProSe UEs attempting discovery. The system may select different time /frequency resource configuration for discovery signal, depending on ProSe UE density, propagation environment, and the specific use case.
· Proposal 3: RAN1 should study how best to select different time/frequency resource configuration for discovery signals, to optimize the tradeoff between RF blocking and discovery range.
3.3 Maximizing system capacity
As pointed out in Observation 2, allocating too many subframes for discovery can have a detrimental impact on system capacity. We consider that about 1% or less of subframes may be allocated as discovery subframes without significantly impacting the system capacity. On the other hand, if there are a large number of ProSe UEs, discovery success rate and/or discovery latency may be impacted if the number of resources allocated for discovery is too small. Clearly, there is a tradeoff between system capacity, and discovery performance, depending on the number of discovery subframes.
On the other hand, discovery signal link budget and RF blocking combine to determine a practical range for successful discovery. UEs separated by more than this range have a very low chance of successful discovery. This leads us to the conclusion that at a suitable distance beyond this practical discovery range, a discovery resource can be reused, without significantly degrading the overall performance of discovery in the system. Therefore, in order to maximize discovery performance while not degrading system capacity, it is important to reuse discovery subframes and resources beyond the discovery range. The network can assess ProSe UE density, and optimize allocation and reuse of discovery subframes and discovery resources.
· Proposal 4: RAN1 should study how optimize the reuse of discovery resources, and what mechanisms the network can employ to best evaluate and control this reuse.
3.4 Direct discovery resource allocation
Based on the discussion above, we can outline the following principles for direct discovery resource allocation:

· Discovery subframes are allocated periodically for direct discovery, forming a discovery cycle.

· A UE transmits its discovery signal one time per discovery cycle. This can ensure low power consumption, and maximize the chances of all devices to be discovered within a given span of time.

· A UE transmits a discovery signal on a discovery resource defined by a particular time/frequency allocation. The size of the discovery resource allocation is selected by the network depending on a number of factors, including: ProSe UE density, propagation environment, prevalent discovery use case, etc. 
· Discovery resources may be defined across several subframes in order to increase its effective transmit power, or a receiving UE may employ soft combining (Chase combining or incremental redundancy) to increase the discovery range.
· Discovery subframes and resources should be reused beyond an appropriate range determined by the network
· The number of collisions between different discovery signals within a single reuse range should be small; statistically close to 0.
· Different users can be allocated to specific discovery resources via several methods (for example: scheduled by the network, rely on contention to select a resource, or pseudo-randomly select a discovery resource).
4 Conclusion

This paper has discussed PHY layer considerations for discovery signal design. It reviewed the impact of RF impairments on discovery, and proposed options to address each of these impairments. We conclude the following proposals for RAN1:
· Proposal 1: RAN1 should evaluate the suitability of existing UL signals for eNB-directed discovery.
· Proposal 2: RAN1 should evaluate the 3 methods proposed to minimize the impact of RF blocking, and identify the best combination of these methods for different use cases and deployment scenarios.
· Proposal 3: RAN1 should study how best to select different time/frequency resource configuration for discovery signals, to optimize the tradeoff between RF blocking and discovery range.
· Proposal 4: RAN1 should study how optimize the reuse of discovery resources, and what mechanisms the network can employ to best evaluate and control this reuse.
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