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1 Introduction
As per the agenda item 7.5.2 in the proposed agenda for RAN2-84 the following needs to be discussed: 

“Compare resource allocation (type1 vs. type2a/b). How would they work (flow charts,). Clarify message/data flows in particular for type2.” 

In this paper we discuss the various aspects of resources for direct discovery
· Resource Allocation for transmitting discovery information
2 Discussion
2.1 Resource Allocation for transmitting discovery information

The D2D UE transmitting the discovery information need to know the time frequency resources it needs to use for transmitting the discovery information. There are three types of resource allocation mechanisms as listed below:
Type 1: Resources for discovery signal transmission are allocated on a non UE specific basis

Type 2: Resources for discovery signal transmission are allocated on a UE specific basis 

· 2A: Resources for discovery signal transmission are allocated for each specific transmission instance of discovery signals
· 2B: Resources are semi-persistently allocated for discovery signal transmission

2.1.1 Type 1 Resource Allocation

In Type 1 approach, a pool of non UE specific resources for discovery is allocated periodically in a semi static manner. The resources allocated are signaled using RRC signaling. The D2D UE which wants to transmit discovery information selects the resource for transmission from the pool of allocated resources in a contention manner (e.g. randomly). In case of mobile D2D UEs this approach has the following benefits:
1) No signaling overhead for transmitting and receiving discovery resource request and discovery resource response to/from the eNB respectively.
2) No overhead of handover signaling. UE can receive the RRC signaling (e.g. SIB) for receiving information about the allocated pool of resources in RRC Idle mode.
3) No overhead of connection setup signaling for entering the RRC connected mode for transmitting and receiving the discovery resource request and discovery resource response to/from eNB respectively.

4) No overhead of coordination of individual resource assignment across cells. Coordination is needed in case of dedicated resource assignment to avoid collisions between the TX UEs in different cells.
Observation 1: Type 1 resource allocation has no signaling overhead related to resource request/response, connection setup, handover and coordination of individual resource assignment across cells

One disadvantage of Type 1 is the collisions amongst the discovery signal transmissions by multiple TX UEs. The probability of collisions can be reduced to a tolerable level by provisioning more number of resources. For example if there are ‘N = 100’ D2D UEs and X= 100 discovery resources are allocated then probability of collision (See Annex for details) is 0.63. The probability of collision is reduced to 0.09 if X = 1000 discovery resources are allocated. In case of dedicated resource assignment for N = 100 D2D UEs, only X= 100 discovery resources are needed and collision probability is zero.
Observation 2: More number of discovery resources is needed in case of Type 1 resource allocation compared to Type 2 to reduce collisions.
In case of Type 1 approach, network has no control for individual resource assignment for transmitting discovery information. As a result network does not know which D2D UEs is using how many resources for accounting purposes. However periodic or network triggered reporting as defined in section 6.1.1.2.4.1 of SA2 TR [1] can be used for accounting purposes.  
Observation 3: Periodic or network triggered reporting can be used for accounting purposes if Type 1 resource allocation is used for discovery.
2.1.2 Type 2 Resource Allocation

In Type 2 resource allocation mechanism dedicated resource is assigned to a D2D UE for transmitting discovery information. The dedicated resource may be allocated for every individual discovery transmission or may be allocated in a semi persistent manner. The D2D UE which wants to transmit discovery information enters the RRC connected state and request for dedicated resource from the eNB. 
· In case of Type 2A, the eNB assigns the one time dedicated resource to the D2D UE. 
· The D2D UE uses the assigned dedicated resource for transmitting the discovery information and enters the RRC Idle state. If the D2D UE wants to transmit discovery information again then D2D UE repeats this procedure i.e. enter RRC connected, Discovery resource request/response, use dedicated resource for discovery information transmission and enter RRC Idle state.
· Alternately, the D2D UE can continue to remain in RRC connected state. The D2D UE uses the assigned dedicated resource for transmitting the discovery information. If the D2D UE wants to transmit discovery information again then it requests the eNB again for dedicated resource.

· In case of Type 2B, the eNB assigns the semi persistent dedicated resource to the D2D UE.

· The D2D UE can enter the RRC Idle state. The D2D UE uses the dedicated resource for transmitting the discovery information periodically until the time semi persistent dedicated resource is valid. The D2D UE requests for resources again when the semi persistent dedicated resource is no longer valid or when the D2D UE moves to the new eNB.

In case of Type 2 approach, the dedicated resource assignment eliminates the collisions amongst the discovery signal transmissions by multiple D2D UEs. There is no need to provision more discovery resources like in Type 1 approach as there are no collisions. The dedicated resource assignment can also reduce processing in the RX UEs if the dedicated resource assigned to the D2D TX UE can be indicated to the D2D RX UE(s) monitoring the discovery channel.

Observation 4: In case of Type 2 resource allocation there is no collision amongst the discovery signal transmissions by multiple D2D UEs and hence less discovery resources are needed compared to Type 1.

In case of mobile D2D UEs the Type 2 approach has the following disadvantages,

1) Signaling overhead for transmitting and receiving discovery resource request and discovery resource response to/from the eNB respectively

2) Handover signaling overhead 

3) Signaling overhead of connection setup signaling for entering the RRC connected mode for transmitting and receiving the discovery resource request and discovery resource response to/from eNB respectively. This overhead is there when D2D UE moves from one eNB to another or when semi persistent dedicated resource validity time is over.
4) Overhead of coordination of individual resource assignment across cells. Coordination is needed in case of dedicated resource assignment to avoid collisions between the TX UEs in different cells.

Observation 5: Discovery using Type 2 resource allocation mechanisms has more signaling overhead compared to Type1 for mobile D2D UEs.

Even if number of discovery resources needed for Type 1 is more than discovery resources needed for Type 2, the simulation results [2] have shown that overall resource ( discovery resources + other DL/UL resources used for communication with eNB) efficiency of Type 1 is better than Type 2 for mobile D2D UEs. The resources used for additional signaling overhead in Type 2 is more than additional discovery resources provisioned in Type 1 for reducing collisions in case of mobile D2D UEs. 

Observation 6: Overall resource efficiency of Type 1 resource allocation is better than Type 2 for mobile D2D UEs

All the D2D UEs transmitting the discovery may not be mobile. For example, the D2D UEs installed by the commercial establishments (e.g. stores, restaurants, etc which uses open discovery) are stationary in nature. For the stationary UEs disadvantages of Type 2 discovery with respect to signalling overhead are not there. 

· The dedicated resource can be assigned when the D2D service is started in the D2D UE. The dedicated resource can be released when UE deregisters with network or when D2D service is stopped in the UE. So frequent signalling for dedicated resource request/response is not needed. Since the UE is stationary there is no additional overhead of handover signalling. Frequent coordination across cells for individual resource assignment is also not needed. 
Observation 7: Type 2B resource allocation is equally efficient as Type 1 from the perspective of signalling overhead for stationary UEs.
Type 1 requires more discovery resources than Type 2 to reduce the collisions. Given that Type 2B is equally efficient as Type 1 from perspective of signalling overhead for stationary UEs and Type 2 needs less discovery resources compared to Type 1, it is preferable to assign dedicated resources to stationary UEs.
Proposal 1: Type 1 resource allocation should be the baseline for transmitting discovery information.
Proposal 2: Additionally Type 2B resource allocation can also be considered for transmitting discovery information by stationary UEs.
3 Conclusion

In this paper we have discussed the various aspects of resources for direct discovery: Discovery Resource Configuration & Signaling, Resource Selection for transmitting discovery information, Resource Selection for receiving discovery information, Resource configuration & Inter cell discovery.

Observation 1: Type 1 resource allocation has no signaling overhead related to resource request/response, connection setup, handover and coordination of individual resource assignment across cells

Observation 2: More number of discovery resources is needed in case of Type 1 resource allocation compared to Type 2 to reduce collisions.

Observation 3: Periodic or network triggered reporting can be used for accounting purposes if Type 1 resource allocation is used for discovery.

Observation 4: In case of Type 2 resource allocation there is no collision amongst the discovery signal transmissions by multiple D2D UEs and hence less discovery resources are needed compared to Type 1.

Observation 5: Discovery using Type 2 resource allocation mechanisms has more signaling overhead compared to Type1 for mobile D2D UEs.

Observation 6: Overall resource efficiency of Type 1 resource allocation is better than Type 2 for mobile D2D UEs

Observation 7: Type 2B is equally efficient as Type 1 from the perspective for signalling overhead for stationary UEs.

Proposal 1: Type 1 resource allocation should be the baseline for transmitting discovery information.
Proposal 2: Additionally Type 2B resource allocation can also be considered for transmitting discovery information by stationary UEs.
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5 Annex

‘X’ = number of discovery resources wherein each discovery resource can be used to transmit one discovery signal;
‘N’ = Number of D2D UEs;
Let’s assume D2D UE 1 selects a resource from pool of ‘X’ resources.

Probability that a particular D2D UE do no select this resource is = 1 – (1/X)
Probability that none of other ‘N-1’ D2D UEs selects this resource is = 
(1 – (1/X)) (N-1)

Probability of collision = 1 - Probability that none of ‘N-1’ D2D UEs selects this resource = 1 – (1 – (1/X)) (N-1)

Consider N = 100 and X = 100 then probability of collision is = 0.63
Consider N = 100 and X = 1000 then probability of collision = 0.09

Let’s assume that there are N = 100 D2D UEs and out of N = 100 D2D UEs, 50 D2D UEs are stationary.

Discovery resources using only Type 1:

For N = 100, X = 1000, Probability of collision is = 0.09
Total discovery resources in this case = 1000

Discovery resources using Type 1 and Type 2:

Dedicated resources are assigned to stationary users. Each user is assigned one dedicated resource.

Dedicated discovery resources = 50

For remaining 50 users contention based resources is assigned. To keep the probability of collision to 0.09 for 50 users, X = 500 discovery resources is needed.

Total discovery resources in this case = total contention based discovery resource + total dedicated discovery resource = 500+50 = 550

Assignment of dedicated resources for stationary UEs reduces the number of discovery resources needed. It also reduces the probability of collision for stationary UEs to zero.
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