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1. Introduction
At the RAN#58 meeting, a new SI on LTE device to device proximity services (ProSe) was approved [1]. At the RAN1#72bis meeting, the following aspects were agreed:
· Draft TR Skelton

· Deployment scenarios for general scenario and public safety scenarios

· Performance metrics for discovery and communications
In preparation for the technical discussions about D2D discovery and communications the following way forward [2] has been discussed at RAN1#72bis meeting:
· It is preferable to have a common technical solution that accommodates both consumer and PS requirements.

Seeing the discussions, the necessity of such a common solution is still unclear and the feasibility of such common solution needs further study. This contribution shows our initial views on common technical solution (we call it unified approach) for D2D discovery.
2. Discussions on Unified Approach
The description of the way forward [2] about the preference of a common technical solution is still at high level and we think that further discussions are necessary in order to clarify what could be unified between commercial and public safety requirements. This section provides our initial views.
At RAN1#72 meeting, general and public safety specific scenarios have been agreed as working assumption. Since general scenarios are applicable for both public safety and commercial, it is a good basis for studying unified aproach. At RAN1#72bis meeting, the working assumption on deployment scenario was extended by more detailed agreements such as cell layout, carrier frequency, system bandwidth, network synchronization assumption, RF parameters both at UE and eNB, traffic models, and so on.  Based on the agreements and discussions so far, we discuss several aspects that need further study towards unified approach in the next section.

2.1. Aspects for Unified Approach

We consider that the following aspects need further discussions and study towards unified approach.
· Air interface

· Duplexing scheme, access scheme (e.g., OFDM, SC-FDMA), additional RF chains, and baseband processing
· Resource allocation

· Resource allocation mechanism for discovery signal transmission, NW based, UE based, or mixture of them 
· Synchronization assumption

· NW sync or async, UE sync or async, in NW coverage, out of NW coverage
Any other aspects relevant for considering unified approach need to be discussed. We briefly discuss each of the aspects below.
Air interface

Regarding air interface, we propose the following aspects to be considered as the baseline assumption:

· We use the same frequency band for D2D transmission and reception
· Implementation of additional RF chains to UE should be minimized

· We use either cellular UL or DL resource in the case of in-band D2D in NW coverage
· FFS to select the UL or DL resource
· Full-duplexing, i.e., simultaneous transmission and reception in the same frequency band, should not be assumed for D2D UE

· Complexity increases for solving self-interference problem when fixed RF filter for the entire system band is assumed

· The filter design and implementation cost can be expensive when adaptive narrow band RF filter is assumed
· Selecting access scheme (e.g., OFDM, SC-FDMA) needs further study in terms of:

· Impact on additional RF chains
· Impact on baseband processing
· Impact on coverage
Proposal 1:
· Same frequency band should be used for D2D transmission and reception
Proposal 2:
· Full-duplexing should not be assumed for D2D UE
Observation 1:
· Selecting access scheme needs further study in terms of various impacts on additional RF chains, baseband signal processing, as well as coverage

Synchronization assumption
In NW coverage, the synchronization among cells is mandatory for TDD system whereas it is not for FDD systems. However, if D2D UEs are synchronous and discovery signal can be transmitted and listened in a synchronous manner, continuous searching can be avoided. That leads to the energy saving. The benefits of energy efficient D2D operation by synchronization hold true for out of NW coverage. Therefore, we propose to study synchronization aspect for both in NW coverage as well as for out of NW coverage. The study may also consider other Rel-12 study items that also look at synchronization issue such as radio-interface based synchronization mechanism [3] and small cell discovery [4, 5] in the small cell enhancement.
Observation 2:
· Synchronized D2D operation among UEs is beneficial for energy efficient D2D discovery
Proposal 3:
· Study synchronization for both in / out of NW coverage by also referring to the other study items for Rel-12 such as small cell enhancement
Resource allocation
In the next section, we focus on the resource allocation aspect for discovery signal and show our initial considerations.

2.2. Discussions on Resource Allocation for Discovery Signal
Table I shows a possible categorization of D2D deployment scenarios. 
Table I. Categorization of D2D Deployment Scenarios
	Public / Non-public safety
	NW coverage
	In-band / Out-band
	No.

	General scenarios (applicable for both)
	In NW coverage
	In-band
	#1

	
	
	Out-band
	#2

	Public safety specific scenarios
	Out of NW coverage / partial NW coverage
	Out-band
	#3


In this section we focus on the unified approach for resource allocation issue in scenarios #1 and #2, and also try to cover scenario #3. To further discuss on this issue, the following assumptions are made:
Assumptions

· Half-duplexing (UE cannot transmit & listen at the same time)

· Synchronized D2D operations among UEs 

· FFS if NW synchronization is really a necessary requirement
Under these assumptions and our focus explained, the target system setup can be illustrated in Figure 1.
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Figure 1: Example of resource utilization for D2D discovery and cellular network

As seen from Figure 1, the resource utilized for D2D discovery either from Scenario #1 or #2 is further decomposed into time-frequency resources where UEs synchronously select resource for transmitting discovery signals. The problem is how each UE should select a particular resource for sending discovery signal efficiently. One possible approach is to control the resource allocation for all UEs by eNB. We call this approach NW based. Another approach could be more decentrarized where each UE autonomously selects a certain resource according to a common set of rules. We call this approach UE based. To study further, we use an example shown in Figure 2.
[image: image2.png]collision (sameresource) Resource
f 4 for discovery signal

spatialreuse (sameresourcecan  deaf (sendingatsame
be usedin distantlocations) time. half-duplexing)





Figure 2: Example of UE based discovery
In Figure 2, we consider that 7 UEs send their discovery signals and listen to each other. The different colors indicate which resources are used by UEs. For example, UE1 and UE2 happen to choose the same time-frequency resource (indicated by red color) for sending the discovery signal. There are certain aspects that need attention. We briefly explain them as follows. As already mentioned, UE1 and UE2 choose the same resource. Then, a collision may be observed at UE3. In the case of UE3 and UE4 that also select the same resource, however, the consequence would not be a collision, but good spatial reuse may be achieved if they are separated enough in distance. UE5 and UE6 select resources that are different in the frequency direction, but in the same time instance. That causes the deaf problem, i.e., they do not discover each other due to the half duplexing assumption.
Observation 3:
· Collision, deafness, and spatial reuse need to be considered for resource allocation of discovery signals

Table II provides a possible high level summary of UE based and NW based approaches without assuming any particular proposal.
Table II. Pros and cons about UE based and NW based approaches
	
	Principles
	Pros
	Cons

	UE based
	Each UE picks one resource from all possible resources
	· Good spatial reuse

· Applicable for out of NW coverage
	· Collisoins / deafness possible

· No potential benefits by NW support

	NW based
	Each UE is assigned one resource  by eNB
	· No collisions may be achieved

· Potentially more support by NW
	· Not applicable for out of NW support

· High signaling overhead


As seen from Table II, both approaches have different pros and cons. Thus, a unified approach that can take benefits from both UE based and NW based approaches, where possible, would be ideal.
Observation 4:
· A unified approach that can benefit from both UE based and NW based resource allocation approaches, where possible, would be ideal

In what follows we discuss about one possible unified approach. To keep the discussion simple, we consider an example of 5 UEs and 16 (4 x 4) discovery resources as shown in Figure 3. Here, we define discovery resource (DR), which represents a smallest resource unit for sending discovery signal and may comprise of multiple physical resource blocks (PRBs).
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Figure 3: Example of five D2D UEs and 16 (4 x 4) discovery resources (DRs)
Now, let us consider an example of mapping between UEs and available resources in Figure 4.
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Figure 4: Example of mappings between UEs and available resources for NW based and UE based approaches
In case of NW based approach, we consider an orthogonal resource allocation, i.e., every UE is allocated a different resource. In case of UE based, each UE is given all available resources and is going to pick one resource out of all the available resources. Based on the observation, the resource allocation for both NW based and UE based may be seen in the following two common steps:
· UE based approach
[Step 1] eNB allocates all DRs to all UEs

[Step 2] UE picks one DR out of 16 DRs in a distributed way
· NW based approach

[Step 1] eNB allocates one DR to UE

[Step 2] UE picks it deterministically
We now generalize these two steps (Step 1. allocation of one/multiple DR(s) by eNB, Step 2. selection of one DR by UE) so that these two different DR allocation procedures for UE based and NW based approaches can be described in a unified manner. Furthermore, we introduce various resource group (RG) patterns as shown in Figure 5.
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Figure 5: Example of mutliple resource group (RG) patterns

In Figure 5, three examples of RG patterns are illustrated: fully NW based, partially UE based, and fully UE based. Other RG patterns are also possible to consider. We note that each RG pattern has different number of RGs and a RG can contain one or more DRs. In case of fully NW based pattern on the left hand side in Figure 5, each RG contains only one DR and RG is actually equivalent to DR. The system can operate using one RG pattern at a time and all UEs are assumed to follow the same pattern.
Now, we apply the two steps to each of the RG patterns in Figure 5. Figure 6 shows an example results by applying [Step 1].
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Figure 6: Example after applying [Step 1] to Figure 5. eNB allocates/signal a RG to each UE
The leftmost figure in Figure 6 shows an example outcome for the fully NW based case where each UE is allocated different RG by eNB. The rightmost figure shows an example for fully UE based approach that all the UEs are allocated the same RG, which is only available and contain all the available DRs. The middle figure in Figure 6 shows that UE1 and UE2 are allocated RG1 and UE3, UE4, UE5 are allocated RG2 where each of RG1 and RG2 contains 8 DRs.

Figure 7 shows an example by applying [Step 2] to each of the results in Figure 6.
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Figure 7: Example of applying [Step 2] to Figure 6. Each UE finally picks one DR out of the DRs in the allocated RG 
As we can observe from Figure 7, in Step 2 UE finally picks one particular DR out of the DR(s) within the RG allocated by eNB in Step 1 for sending discovery signal. In this way, the resource allocation may be realized in a unified manner to be applicable for NW based, UE based, and the mixture of them.
Observation 5:
· One possible unified approach for resource allocation may be realized by (1) introducing various RG patterns and (2) applying the two-step allocation mechanism at eNB and UE

In order to apply the discussed unified approach to public safety in Scenario #3 (Table I), the fully UE based RG pattern in Figure 5 may be assumed by all the UEs due to the lack of NW coverage/support. However, we need to realize synchronization among UEs that needs further study.
3. Conclusions
This contribution presents our initial views on unified solution for D2D discovery. We made the following proposals and observations.
Proposal 1:

· Same frequency band should be used for D2D transmission and reception
Proposal 2:
· Full-duplexing should not be assumed for D2D UE
Proposal 3:
· Study synchronization for both in / out of NW coverage by also referring to the other study items for Rel-12 such as small cell enhancement
Observation 1:

· Selecting access scheme needs further study in terms of various impacts on additional RF chains, baseband signal processing, as well as coverage

Observation 2:
· Synchronized D2D operation among UEs is beneficial for energy efficient D2D discovery
Observation 3:
· Collision, deafness, and spatial reuse need to be considered for resource allocation of discovery signals
Observation 4:
· A unified approach that can benefit from both UE based and NW based resource allocation approaches, where possible, would be ideal
Observation 5:
· One possible unified approach for resource allocation may be realized by (1) introducing various RG patterns and (2) applying the two-step allocation mechanism at eNB and UE
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