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1 Introduction

In this document we develop the concept of the resource pool. There are pools for scheduling assignment resources and data transmission resources. We also investigate how the resource pools are configured depending on the level of coverage of the UE.
2 Discussion
We start by discussing the concept of resource pools, followed by an analysis of how to configure the resource pools depending on the coverage state of the UE.
2.1 Resource pools
The concept of resource pools has been discussed in RAN2 on several occasions. The general understanding is that if two D2D UEs are to communicate they need to share a resource. That is, the transmitting UE sends on a resource which is monitored by the receiving UE. The exact definition of a resource is out of scope of this paper, but could be some known resource blocks in a recurring pattern of subframes for example. 

A resource pool comprises a set of resources. Based on the communication we want to achieve we design the following three resource pools. 
Pool A)
Reception of D2D traffic

Shall be a union of Pool B and Pool C.
Pool B)
Transmission of D2D traffic when out of coverage

Shall be a subset of Pool A. May be disjoint with Pool C.

Pool C)
Transmission of D2D traffic when in coverage

Shall be a subset of Pool A. May be disjoint with Pool B.
An in depth discussion on this can be found in the appendix. There can only be one resource pool for reception (Pool A), as the receiving UE will not know if the transmitter is in coverage or out of coverage and both methods of communication need to be supported. If Pools B and C are disjoint, transmissions from in coverage will not interfere with transmissions from out of coverage. This can be beneficial, but it is not a requirement. Allocating subsets of Pool C disjoint from resources in neighbouring cells means that transmissions from neighbouring cells will also not interfere. This can also be beneficial, but not required. Exactly how to configure these three pools based on the properties above should be left to the operator, as it depends on the level of wanted network control.
2.2 Various states of coverage
The border between “in coverage” and “out of coverage” is not crystal clear. In [1] this is explored in depth. For this discussion it suffices to say that we define four states of coverage, as depictured in Figure 1.
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Figure 1 – The different states of coverage

The four different states can be summarized in the following list.

1)
UE1 has uplink and downlink coverage. In this state the network controls each communication session with a request/grant procedure (see [2]).
2)
UE2 has downlink but no uplink coverage. In this state the transmitting UE selects the resources used for SA and data from a resource pool configured by the network.
3)
UE3 has control-plane relay coverage. In this state the transmitting UE selects the resources used for SA and data from a resource pool configured by the network and relayed by the control plane relay.
4)
UE4 is out of coverage. In this state the transmitting UE selects the resources used for the data transmission from a pre-configured pool of resources.
For states 2-4 data transmission is contention-based. The receiving procedure is the same; The UE monitors the resources in the SA (scheduling assignment) pool and when it detects an interesting SA transmission it decodes the data transmission pointed to by the SA. Thus, the pool of SA resources monitored for receiving can be pre-configured.
Observation 1 The resource pool for SA can be pre-configured in the UE.

For UEs in state 1, the eNB grants the UE to use a specific resource from the SA pool. To mitigate interference from UEs in state 1 and UEs in state 2-4, it is beneficial if the transmitting UEs in state 2-4 select different resources from the SA pool than the eNB. This implies that the eNB should broadcast what resources in the SA pool a UE in state 2 or 3 should use.
Observation 2 Depending on the interference situation, it could be beneficial if UEs in coverage state 2-4 transmit SA on different resources than nearby UEs in coverage state 1 as this reduces collisions.

Proposal 1 The eNB broadcasts an SA resource pool that UEs in coverage state 2 or 3 should use to reduce collisions.
The similar reasoning also holds for the data resource pool.
Observation 3 Depending on the interference situation, it could be beneficial if UEs in coverage state 2-4 transmit data on different resources than nearby UEs in coverage state 1 as this reduces collisions.

Proposal 2 The eNB broadcasts a data resource pool that UEs in coverage state 2 or 3 should use to reduce collisions.

It should be noted that UEs in state 3 receive the resource pools broadcasted by the eNB by the use of the control plane relay UE. The control plane relay UE transmits PD2DSCH which carries information about the resource pools.

The following table summarizes how a UE in various coverage states decides which SA and data resource to use when performing a D2D transmission.

Table 1 – Description of how the UE selects SA resource and data resource depending on which coverage state it is in

	Coverage state
	How to select SA resource
	How to select data resource

	State 1
	Granted by the eNB.
	Granted by the eNB.

	State 2
	Selected from the broadcasted SA pool (SIB) of the eNB.
	Selected from the broadcasted data resource pool (SIB) of the eNB.

	State 3
	Selected from the broadcasted SA pool on PD2DSCH as transmitted by the CP relay.
	Selected from the broadcasted data resource pool on PD2DSCH as transmitted by the CP relay.

	State 4
	Selected from the preconfigured SA pool
	Selected from the preconfigured data resource pool


Proposal 3 Capture Table 1 and Figure 1 in the technical report.
3 Conclusion

In section 2 we made the following observations:
Observation 1
The resource pool for SA can be pre-configured in the UE.
Observation 2
It is beneficial if UEs in coverage state 2-4 transmit SA on different resources than nearby UEs in coverage state 1 as this reduces collisions.
Observation 3
It is beneficial if UEs in coverage state 2-4 transmit data on different resources than nearby UEs in coverage state 1 as this reduces collisions.


Based on the discussion in section 2 we propose the following:
Proposal 1
Before performing a D2D transmission in coverage, the UE shall get a grant and a scheduling assignment from the network.
Proposal 2
The eNB broadcasts an SA resource pool that UEs in coverage state 2 or 3 should use to reduce collisions.
Proposal 3
The eNB broadcasts a data resource pool that UEs in coverage state 2 or 3 should use to reduce collisions.
Proposal 4
Capture Table 1 and Figure 1 in the technical report.
4 
References

[1] R1-140780, “On Procedures for In/Out of NW coverage detection for D2D”, Ericsson, RAN1#76, Prague, Czech Republic, 10th – 14th February 2014
[2] R2-140625, “Resource allocation for D2D transmitters in coverage”, Ericsson, RAN2#85, Prague, Czech Republic, 10th – 14th February 2014

5 Appendix

5.1 In depth discussion on resource pools

The general understanding is that if two D2D UEs are to communicate they need to share a resource. That is, the transmitting UE sends on a resource which is monitored by the receiving UE. The exact definition of a resource is out of scope of this paper, but could be some known resource blocks in a recurring pattern of subframes for example. 

A resource pool is a set of resources. In the most general sense, there are four resource pools.

Pool 1)
Reception of D2D traffic when out of coverage.

Pool 2)
Reception of D2D traffic when in coverage.

Pool 3)
Transmission of D2D traffic when out of coverage.

Pool 4)
Transmission of D2D traffic when in coverage.
The properties of the resource pools need to be carefully developed. Based on the communication pattern we want to achieve, we can assign these properties.
Communication pattern 1 – One UE out of coverage transmitting to a UE out coverage

This implies that Pool 3 must be a subset of Pool 1.

Communication pattern 2 – One UE in coverage transmitting to a UE in coverage

This implies that Pool 4 must be a subset of Pool 2.

Communication pattern 3 – One UE out of coverage transmitting to a UE in coverage

This implies that Pool 3 must be a subset of Pool 2.

Communication pattern 4 – One UE in coverage transmitting to a UE out of coverage

This implies that Pool 4 must be a subset of Pool 1.

Assume Pools 1 and 2 are not equal, for example if Pool 2 is a subset of Pool 1. Then if a UE transmits on a resource in Pool 1 but not in Pool 2 it would mean that a UE in coverage could not receive the transmission. This would violate communication pattern 2 or 3 (depending on whether the transmitting UE is out of or in coverage). An analogous argument can be made for the case if Pool 1 is a subset of Pool 2. This implies that the initial assumption is wrong. Thus, Pools 1 and 2 must be equal.

Based on Communication patterns 2 and 3, Pool 2 must be the union of Pools 3 and 4. This means that a UE must be able to receive transmissions coming from transmitters both in and out of coverage. The same property holds for Pool 1.

Pools 3 and 4 must both be subsets of Pool 1. If Pools 3 and 4 are disjoint it would mean that transmissions from in coverage would not interfere with transmissions from out of coverage. This can be a desirable property, but not a requirement. Furthermore, it would be beneficial if D2D transmissions from neighbouring cells do not interfere with each other. Hence, Pool 4 for two neighbouring cells should be disjoint. 

Based on the above discussion we can create the previously mentioned resource pools with associated properties capable of realizing the communication patterns.

Pool A)
Reception of D2D traffic

Union of Pool B and Pool C.
Pool B)
Transmission of D2D traffic when out of coverage

Subset of Pool A. May be disjoint with Pool C.

Pool C)
Transmission of D2D traffic when in coverage

Subset of Pool A. May be disjoint with Pool B.
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