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1 Introduction

At RAN1#73b, three types of D2D discovery were introduced:

· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis

· Note: Resources can be for all UEs or group of UEs

· Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis

· Type 2A: Resources are allocated for each specific transmission instance of discovery signals

· Type 2B: Resources are semi-persistently allocated for discovery signal transmission
At RAN2#83 it was agreed that RAN2 would discuss further the benefits and drawbacks of Type 1 and Type 2 allocation from RAN2 point of view. Reference [1] explores the benefits of Type 2 discovery from perspective of the physical layer. In this paper we describe the impact of Type 1, Type 2a, and Type 2b discovery resource allocation from a RAN2 perspective, and discuss the pros and cons of each approach.
2 Resource Allocation for Direct Discovery
As discussed in [2] the eNB should designate a specific set of subframes as discovery subframes. Within this set of subframes a subset of resource blocks RBs is designated by the eNB for the transmission of discovery signals by the UEs (discovery region). For example, the discovery region on a particular discovery subframe may be all RBs not reserved for PUCCH.

Assumptions for discovery message size discussed in RAN1 have ranged from 32 to 256 bits.
 Thus it is likely that a UE’s discovery signal will only occupy a small part of a discovery region. Therefore the discovery region on a discovery subframe may be further subdivided into time/frequency discovery resources (DTFR). Each DTFR comprises a number of time/frequency resource elements. Link level analyses have indicated that 1 DTFR will require resources equivalent in size to 1 – 8 PRBs [3], depending on discovery message size and target SINR. A UE transmitting a discovery signal should map the discovery signal onto the resource elements of one DTFR within a discovery subframe. 

2.1 Type 1 discovery resource selection

In type 1 discovery resource allocation, the eNB allocates a pool of discovery subframes to be shared by all UEs, or by a group of UEs. The eNB can signal the pool of discovery subframes to all UEs using a dedicated system information block SIB. It is important that the encoding of the Type 1 discovery resources be done efficiently, so as to minimize the overhead of this new SIB. Upon entering a new cell (e.g. handoff or cell reselection) a ProSe enabled UE would read this SIB, and extract a set of relavent parameters. The UE will then use these parameters to select which DTFRs it can use to announce its discovery signal, and which DTFRs it should monitor for discovery of signals transmitted by other UEs.
Proposal 1: A new SIB should be introduced to define which subframes are allocated for Type 1 discovery. Upon decoding this SIB, a UE will extract a set of parameters from which it calculates the DTFRs it should use for discovery signal announcing and monitoring.
One possible way for type1 discovery resource allocation is illustrated in Figure 1. Discovery subframes are organized into repeating patterns, where the repetition period in subframes is designated as a Discovery cycle. The Discovery cycle constitutes the minimum time between consecutive transmissions of discovery signal by the same UE. Therefore, the Discovery cycle is an important parameter for discovery performance. The smaller the Discovery cycle, the faster a given UE can announce its discovery message (and hence the faster it can be discovered by monitoring UEs). However, if the Discovery cycle is too small, this may limit the number of subframes within one Discovery cycle that can be allocated for discovery. We assume that within each Discovery cycle, the eNB designates a pattern of Ns subframes for discovery, and that this pattern repeats each Discovery cycle. 

Proposal 2: Discovery subframes are organized into patterns repeating every Discovery cycle, with each Discovery cycle comprising Ns discovery subframes.
Each UE (depicted by different colors in Figure 1) transmits its discovery signal no more than once per Discovery cycle. In order to minimize interference and blocking between discovery signals transmitted by different UEs, it is desirable that each UE hop it transmissions over time and frequency from one discovery cycle to the next [3]. Each UE’s hopping sequence may be calculated based on parameters assigned to that UE by the network (e.g. UE ProSe ID), selected by the UE based on a random seed, or selected using some other mechanism.
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Figure 1. A periodic pattern of discovery subframes over Discovery cycle
Proposal 3: For Type 1 resource allocation, each UE will transmit a discovery signal at most once per Discovery cycle. The UE should hop its discovery signal transmissions across time and/or frequency from one Discovery cycle to another.
Observation 1: The specific resource hopping sequence followed by a UE may be deterministic, random, or defined on by a set of parameters assigned to that UE by the network.
Furthermore, as discovery may be related to different purposes (e.g. different applications using ProSe), different UEs may need to transmit their respective discovery signals with different periodicity. Hence a given UE may skip discovery cycles, and not transmit their discovery signal in every discovery cycle. The operator may define parameters for different discovery hopping sequences for a UE on an application by application basis or based on classes of applications. The eNB may broadcast parameters that define the Type 1 discovery periodicity for each class of application, or appropriate parameters may be configured to the UE during the authorization of the ProSe enabled application to use discovery.
Proposal 4: The UE may not transmit discovery signal every Discovery cycle, based on the requirements of different applications subscribing to ProSe. The operator may control this on an application by application basis, or based on class of application
The eNB may optimize the number of discovery subframes Ns to achieve the best overall tradeoff in system performance. Too few discovery subframes within a Discovery cycle, will lead to congestion and discovery failures due to collisions of discovery signals. Too many discovery subframes within a Discovery cycle is wasteful and will negatively impact the UL capacity and UE power consumption. However, as the network does not allocate discovery resources to specific UEs, it is difficult for the eNB to know the best value for Ns.
Observation 2: It is difficult for the eNB to optimize Ns, the number of discovery subframes within a Discovery cycle, for Type 1 resource allocation. 
In addition to hopping of discovery signal transmissions in time and frequency, reference [4] identifies further enhancements that may be employed to optimize the performance of direct discovery. These techniques include randomization of discovery signal transmit power, and grouping of UEs transmitting discovery signals. These two approaches can help combat the impact of the near-far effect in particular [5]. Each of these solutions would require addition parameters be provided by the network to the UE, to control UE behavior during discovery. For example, the eNB may define a different discovery pattern per discovery group, with only UEs belonging to a particular discovery group hopping onto the appropriate discovery subframe for the group. This is illustrated in Figure 2 below.
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Figure 2. A periodic patterns for discovery groups
Proposal 5: UEs may be divided into discovery groups, with different hopping sequence parameters for each group. 

It is also useful to consider the frequency and efficiency of discovery signal transmissions for each type of discovery resource allocation. For Type 1, a UE will announce quasi-periodically, regardless if any other UE in proximity is monitoring for its discovery signal, or if there is in fact any other UE in its proximity at all. Thus for Type 1 resource allocation, the frequency of discovery transmissions will be high, and the efficiency is expected to be low, as most transmission of a discovery signal will not be discovered by another UE of interest. 

Observation 3: The frequency of discovery signal transmission for Type 1 will be high, and the efficiency of discovery resources will be low.
2.2 Type 2 discovery resource allocation
The main difference of Type 2 discovery resource allocation compared to Type 1 is that in Type 2 the eNB allocates specific resources to a UE to transmit its discovery signal. The major advantage of Type 2 is that there is no contention between announcing UEs over discovery resources. By intelligently allocating DTFRs to different UEs, collisions between discovery signals can be eliminated or significantly minimized. 
Observation 4: Type 2 discovery resource allocation can avoid discovery signal collisions thru intelligent allocation 
Type 2a, discovery resources are allocated for each specific transmission of a discovery signal. Hence the same discovery resource may be allocated to different UEs in different subframes, and also by different cells that are sufficiently spatially separated. Thus Type 2a discovery signal transmission is expected to be relatively infrequent, as it is triggered by specific discovery events.
Observation 5: For Type 2a discovery signal transmission is much lower than for Type1, and discovery resource assignment is triggered by discovery events.
For Type 2b, the resource utilization efficiency depends on how discovery resources are reused in the network. At one extreme, a discovery resource may be semi-persistently assigned to a UE every Discovery cycle, and the assignment to this UE may be unique throughout the network. Such an approach would require only a single assignment, but would be very inefficient in terms of utilization of discovery resources. At the other extreme, the assignment may re-used across the network, with each cell locally managing a set of discovery resources. In this case, the discovery resource assigned to the UE should be updated each time the UE enters a new cells (handoff or cell reselection). Thus the frequency of discovery signal transmission for Type 2b should be comparable to that of Type1. However, the frequency of discovery resource assignment is dependent on mobility management procedures.
Observation 6: For Type 2b the frequency of discovery signal transmission is high, and is comparable to that of Type1. The frequency of discovery resource assignment is dependent on mobility management procedure.
3 Impact of UE localization on discovery resource efficiency
As discussed in section 2.1, in Type 1 discovery resource allocation, a UE selects DTFRs based on parameters broadcast in system information. As adjacent cells may have different configurations of Discovery cycle, discovery subframes, and other relevant parameters, the UE must suspend transmission of discovery signals when entering a new cell, until the appropriate SIB has been received. Once the UE has decoded the SIB, discovery signal announcement can be resumed based on the updated Type 1 discovery resource configuration. Note that for Type 1 discovery resource allocation, the UE is not required to signal the network for a mobility event (HO or cell reselection). Furthermore, network knowledge of UE location is not useful to improve efficiency of discovery resource utilization for Type1.
Observation 7: Network knowledge of UE location is not useful to improve efficiency of discovery resource utilization for Type1 discovery resource allocation.
For Type 2 discovery resources allocation, knowledge of UE location can be exploited to increase the efficiency of discovery resource utilization. For example, for Type 2a discovery resource allocation, if the network has knowledge of the approximate location of ProSe enabled UEs (e.g. to the granularity of a serving cell) the network may allocate resources for discovery only when two authorized UEs are known to be in relative proximity (e.g. served by the same cell or adjacent cells). Thus for Type 2a, network knowledge of UE location can be exploited to judiciously allocate discovery resources, thereby achieving efficient utilization of resources.

Observation 8: Network knowledge of UE location can be exploited to achieve efficient utilization of discovery resources with Type 2a resource allocation.
UE localization and Type 2 discovery resource allocation may incur additional signaling between the UE and network. However, the overhead of autonomous Type 1 discovery transmissions may be greater than the overhead of Type 2 related signaling, especially for low mobility UEs. 

Proposal 6: RAN2 should study and compare the signaling overhead and efficiency of resource utilization for Type 1, Type 2a and Type 2b discovery resource allocation. 
SA2 is currently studying the requirements for UE ProSe identifiers. This study has so far pointed to the need for multiple ProSe UE identifiers to support discovery [5]. Restricted discovery will at a minimum require a ProSe UE Identity to enable identification of a discovered UE. Additionally, one or more ProSe Application Identities are needed to support open discovery. The discovery signal should unambiguously identify a discovered UE within the discovery range of another UE. With type 2 discovery resource allocation, the network may update the UE’s identifier whenever a discovery resource is allocated to the UE. The network need only guarantee that this identifier is locally unique (over one cell or a cluster of cells). This same identifier may be reused by a distant cell, beyond the maximum discovery range of a UE. On the other hand, with Type 1 discovery resource allocation, the network has no opportunity to update the UE’s ProSe identifier. This implies that for Type 1, the UE’s ProSe identifier must be globally unique for unambiguous identification of a discovered UE. 
Observation 9: Type 1 discovery resource allocation implies a globally unique ProSe UE Identity, whereas for Type 2 discovery resource allocation the UE’s ProSe identifier can be updated together with each discovery resource allocation.
It should be noted that the GUTI (80 bits) is such a globally unique UE identifier, and has been discussed by SA2 as a candidate for the ProSe UE Identity. The discovery message size may need to be considerably longer with a global ProSe UE identifier, than if the ProSe UE identifier was locally assigned by the network. Reference [2] indicates that discovery message size is the most significant factor impacting discovery resource allocation at the physical layer. Sizing the discovery message to accommodate a global ProSe UE identifier may significantly degrade discovery range and/or capacity. RAN1 and RAN2 should study the impact of discovery resource allocation type on discovery message size, and support resource allocation type(s) that optimizes discovery performance and minimizes the impact of ProSe discovery to the network capacity.
Proposal 7: RAN2 should work with RAN1 to understand the dependency of discovery message size on discovery resource allocation type. The decision to support Type 1, Type 2a, and/or Type 2b should be based on optimizing overall discovery performance and minimizing the impact of ProSe discovery resources to the network capacity. 
4 Summary of Discovery Resource Allocation Methods
Table 1 summarized the comparison between Type 1, Type 2a, and Type 2b discovery resource allocation methods:
Table 1. Comparison of Type 1, Type 2a and Type 2b discovery resource allocation
	
	Type 1
	Type 2a
	Type 2b

	Resource Allocation
	UEs contend to transmit discovery signal
	eNB assigns resources for transmission of discovery signal
	eNB assigns resources for transmission of discovery signal

	Collision of discovery signals
	Depends on ratio of UEs to resources, may be high,
	Can be avoided 
	Can be avoided

	Frequency of resource allocation
	Autonomous
	Triggered by discovery request
	Mobility dependent (see section 2.2)

	Frequency of discovery signal transmissions
	High
	Low
	High to Moderate

	Discovery events per discovery signal transmission
	Low
	High
	Medium

	Discovery delay
	Slow 
	Fast 
	Can be fast

	Network knowledge of UE Location
	Not used
	May be used to control triggering of discovery attempts
	May or may not be used

	Impact to idle mode power consumption
	High
	Low
	High

	Scope of UE ProSe ID
	Global
	Local
	Depends on frequency of discovery resource allocation


Proposal 8: Capture the comparison of Table 1 in the TR 36.843 [6]. 
5 Conclusion

In this paper we studied and compared the RAN2 impact of different discovery resource allocation methods proposed by RAN1.

We have the following observations and proposals:
Observation 1: The specific resource hopping sequence followed by a UE may be deterministic, random, or defined on by a set of parameters assigned to that UE by the network. 
Observation 2: It is difficult for the eNB to optimize Ns, the number of discovery subframes within a discovery cycle, for Type 1 resource allocation. 
Observation 3: The frequency of discovery signal transmission for Type 1 will be high, and the efficiency of discovery resources will be low.
Observation 4: Type 2 discovery resource allocation can avoid discovery signal collisions thru intelligent allocation 
Observation 5: For Type 2a discovery signal transmission is much lower than for Type1, and discovery resource assignment is triggered by discovery events.
Observation 6: For Type 2b the frequency of discovery signal transmission is high, and is comparable to that of Type1. The frequency of discovery resource assignment is dependent on mobility management procedure.

Observation 7: Network knowledge of UE location is not useful to improve efficiency of discovery resource utilization for Type1 discovery resource allocation.

Observation 8: Network knowledge of UE location can be exploited to achieve efficient utilization of discovery resources with Type 2a resource allocation.

Observation 9: Type 1 discovery resource allocation implies a globally unique ProSe UE Identity, whereas for Type 2 discovery resource allocation the UE’s ProSe identifier can be updated together with each discovery resource allocation.
Proposal 1: A new SIB should be introduced to define which subframes are allocated for Type 1 discovery. Upon decoding this SIB, a UE will extract a set of parameters from which it calculates the DTFRs it should use for discovery signal announcing and monitoring.
Proposal 2: Discovery subframes are organized into patterns repeating every Discovery cycle, with each Discovery cycle comprising Ns discovery subframes.
Proposal 3: For Type 1 resource allocation, each UE will transmit a discovery signal at most once per Discovery cycle. The UE should hop its discovery signal transmissions across time and/or frequency from one Discovery cycle to another.

Proposal 4: The UE may not transmit discovery signal every Discovery cycle, based on the requirements of different applications subscribing to ProSe. The operator may control this on an application by application basis, or based on class of application
Proposal 5: UEs may be divided into discovery groups, with different hopping sequence parameters for each group.

Proposal 6: RAN2 should study and compare the signaling overhead and efficiency of resource utilization for Type 1, Type 2a and Type 2b discovery resource allocation. 
Proposal 7: RAN2 should work with RAN1 to understand the dependency of discovery message size on discovery resource allocation type. The decision to support Type 1, Type 2a, and/or Type 2b should be based on optimizing overall discovery performance and minimizing the impact of ProSe discovery resources to the network capacity
Proposal 8: Capture the comparison of Table 1 in the TR 36.843 [6]. 
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� At RAN1#74, it was also agreed to use 104 bits for the purpose of simulations, since this appeared to be a median value among the proposed discovery message sizes.
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