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1 Introduction

In RAN1#76, it was agreed to define 2 resource allocation modes for D2D Communication. In Mode 1, the eNodeB schedules the exact resources used by a UE to transmit direct data and direct control information. In Mode 2, the D2D UE on its own selects resources from resource pools to transmit direct data and direct control information.

In RAN1#76bis, Mode 1 resource allocation was extensively discussed and several agreements were taken. However, no progress was made on Mode 2 resource allocation.

In this contribution we present our views how to best specify support for D2D Communication Mode 2. We start by summarizing several operational principles for D2D Communication. In the second part of this contribution, we then discuss random vs. energy vs. virtual carrier-sense based UE autonomous channel selection.
2 Principles of resource allocation in D2D Communication
In order to support R12 D2D Communication with either Mode 1 or Mode 2 with minimum specification, implementation and testing effort, it is best to review where both resource allocation modes represent commonalities and where they differ.
In both D2D Communication Mode 1 and 2, a given transmitter UE will send a SA which indicates the upcoming transmission opportunities for Data in use by that transmitter UE. The allocation period for which the transmitted SA is valid would typically be in the order of around 200-300 ms based on talk spurt durations for VoIP one-way broadcast transmissions. The SA will also contain an identifier derived from the higher-layer ProSe ID and it will allow for semi-static MCS adjustments valid for the allocation period. Most importantly, the SA will indicate a TRP for Data in the form of a time-/frequency allocation pattern. A receiver UE mainly monitors only those subframes that can contain SAs from different D2D transmitter UE’s. Based on monitoring these identifiers, the receiving UE’s proceed to demodulate associated Data transmissions in indicated subframes and frequency locations. In consequence, SA is a mechanism that provides for DRX opportunities and allows some basic link adaptation functionality. Receiver UE’s monitor candidate SA resources from a pool of reception resources.
In consequence, it can be said that basic R12 D2D design for SA’s including their payload and allocation periods, Data transmission patterns (TRP) including any implicit or explicit relationship between SA and those Data resources can be common to both Mode 1 and Mode 2.

Mode 1 and 2 only differ in the way how SA and/or Data transmission opportunities are selected, and they differ by which entity performs the selection.
In Mode 1, a D2D UE will solicit D2D transmission opportunities from the eNB using BSR in L2. The eNB then selects and allocates transmission resources to the D2D UE. While several details are still under discussion, it is clear that the eNB will either explicitly allocate SA resources to a UE that are then implicitly linked to this UE’s Data resources, or alternatively, SA and Data resources are explicitly and independently allocated by the eNB. In both approaches, the transmitter UE will still indicate the actual Data resources it used following the D2D grant in its SA. Any D2D receiver UE will then decode the information where to find the Data transmission resources from the SA itself. It is the distinguishing characteristic of Mode 1 when compared to Mode 2 is that the eNB has full control over the selection of resources to be used by a Mode 1 UE.

In Mode 2, it is the UE that will select SA and Data resources using pre-stored information. These pre-determined configurations can in principle be updated at the ProSe application layer or through network signaling in the U-plane.
It is important to note here that the basic definition of transmission opportunities for SA vs. Data and the basic relationship and signaling in the SA is not affected by the fact that the UE in D2D Communication Mode 2 autonomously selects transmissions resources.

In summary, if we base D2D Communication Mode 1 and Mode 2 resource allocation on the principle that the signaling provided in the Scheduling Assignments, the time/frequency relationships between SA and Data and the reception / transmission resource pool definitions are the same, then Mode 2 design only needs to deal with the question of how the Mode 2 UE selects a particular SA resource from the pool of available resources. We discuss this question in the next section of the contribution.

Proposals:
1. Mode 1 and Mode 2 resource allocations use the same SA signaling format, follow the same time/frequency relationships between SA and Data and share the same Rx/Tx resource pool definitions for SA and Data.
3 UE autonomous resource selection
The D2D Communication Mode 2 UE has a pre-configured list of SA transmission opportunities, i.e. the SA resource pool. In the simplest case, the SA resource pool corresponds to a list of subframes allowed for transmission of SA. Allowable subframes occur in pattern with a certain periodicity over a multi-frame period.
In our view, R12 should follow the principle of a fixed relationship between SA and Data resources. A given set of SA resources corresponds to a given set of Data transmission resources. There doesn’t need to be a 1:1 relationship between a SA resource and a Data resource for a given allocation period although this simplifies allocations much. It is best to first consider that SA and Data resource allocations should provide support for time-domain reuse to cope with D2D half-duplex constraints and there should also be flexibility in frequency domain when operating under network coverage. The location of a SA will indicate corresponding Data transmission opportunities based on a combination of time/frequency location of the SA itself and the TRP provided as part of the SA signaling.

Therefore, resource selection by a Mode 2 UE reduces to the choice of a suitable SA transmission opportunity. The Mode 2 UE can then monitor or measure available SA transmission resources from the SA pool and choose a suitable SA transmission opportunity for the next upcoming allocation period.

In principle, 3 different and not necessarily mutually exclusive approaches are possible for a Mode 2 UE to determine a suitable SA transmission opportunity,

(1) Random selection

(2) Measurement based, i.e. energy detection

(3) Using decoded information from SA’s
From system-level performance evaluations, it can be seen that Random resource selection will generally perform well when a much larger number of candidate transmission resources are available than actually in use in the area.

To use an example, if only 2 subframes allowing for 10 simultaneous SA each were used every 40 ms, these 20 total SA transmission opportunities would correspond to 4 concurrent D2D broadcast sessions per subframe when 50% of all available subframes are in simultaneous use for D2D and when assuming 5 total transmissions per VoIP PDU.

It is clear already from the above pessimistic example that for average 10 broadcast groups per equivalent cell area, even such a small dimensioning would allow for random resource selection to function adequately. From system level evaluations for Option 5, it is apparent that random selection performs close to genie-aided resource selection for the agreed upon D2D evaluation scenarios and user deployment [1].
Measurement based approaches, i.e. energy detection on SA resources in the SA resource pool are equivalent to the physical carrier sense measurements in use for Wi-Fi radio access. We do not think that implementing energy detection on the subframes configured as SA resource pool is complex or that it would need to be specified. One complication however is that for energy-based measurements, multiple SA transmissions per SA transmission opportunity become necessary, or alternatively, that rules need to be introduced by which a UE can infer that a measurement on a SA resource in allocation period n means that the same resource in period n+1 is still in use. Basically, if there is only 1 single SA transmission opportunity per allocation period and a transmitting UE then re-selects another SA transmission period for the next following period, any measurement done by a second UE on the first SA transmission opportunity becomes invalid for the next allocation period.
Finally, it appears intuitive to allow a D2D Mode 2 UE performing resource selection to also use information decoded from transmitted SA’s by other D2D UEs in order to build a map of used vs. unused SA transmission opportunities. Clearly, this approach is somewhat equivalent to the virtual carrier-sense mechanism in Wi-Fi where header fields are decoded and used to set the NAV values allowing a UE to determine until when the channel is busy before re-attempting channel access. Given that the SINR required to successfully decode a SA is generally higher than the SINR to reliably perform an energy-detection based measurement with a certain confidence level, it is clear that using decoded information from SA's cannot be the only method to select transmission resources, i.e. it can only supplement them.
In summary, we think that resource selection by D2D UEs operating in D2D Communication Mode 2 should be standardized in RAN1/2 and tested in RAN4/5 under the baseline assumption that random resource selection is performed. Implementation of energy detection based and/or decoded information based resource selection should not be prevented by L1 specifications.

Proposals:

2. Resource selection for D2D Communication Mode 2 should be standardized in RAN1/2 and tested in RAN4/5 under the baseline assumption that random resource selection is performed. Implementation of energy detection based and/or decoded information based resource selection should not be prevented by L1 specifications.
4 Conclusion

In this contribution, we presented our views how to best specify support for D2D Communication Mode 2.

Proposals:
1. Mode 1 and Mode 2 resource allocations use the same SA signaling format, follow the same time/frequency relationships between SA and Data and share the same Rx/Tx resource pool definitions for SA and Data.

2. Resource selection for D2D Communication Mode 2 should be standardized in RAN1/2 and tested in RAN4/5 under the baseline assumption that random resource selection is performed. Implementation of energy detection based and/or decoded information based resource selection should not be prevented by L1 specifications.
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