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1
Introduction
During RAN#63 the LTE D2D ProSe work item was approved with the following objective [1]:

The objective of this work item is to enable device to device discovery in network coverage (intra-cell and inter-cell) and communication in network coverage (intra-cell and inter-cell), in partial network coverage and outside network coverage. The communication part is targeted to apply only to public safety use. The partial network coverage and out of network coverage scenarios apply only to public safety use. The work will proceed from the starting point of the agreements and working assumptions reached during the study item as captured in TR 36.843.

 Additionally two modes of resource allocation mechanisms are to be specified:
2) Specify resource allocation mechanisms for D2D discovery and broadcast communication [RAN1, RAN2] 

a) Distributed resource allocation mechanisms from allocated resource pool(s), for D2D discovery and broadcast communication [RAN1, RAN2] 

b) eNB resource allocation mechanisms, for D2D discovery and broadcast communication [RAN2, RAN1]
This contribution provides discussion on design issues of eNB-based resource allocation (Mode 1) and management for D2D communication, including resource grant and allocation procedure. 
2   Design Issues

The following agreements and working assumptions as captured in the D2D SI TR [2] are the starting point for the work item specification of D2D broadcast communication:

From a transmitting UE’s perspective, a UE can operate in two modes for resource allocation:
· Mode 1: eNodeB or Release-10 relay node schedules the exact resources used by a UE to transmit direct data and direct control information
· FFS: if semi-static resource pool restricting the available resources for data and/or control is needed
· Mode 2: a UE on its own selects resources from resource pools to transmit direct data and direct control information
· FFS if the resource pools for data and control are the same
· FFS: if semi-static and/or pre-configured resource pool restricting the available resources for data and/or control is needed
· D2D communication capable UE shall support at least Mode 1 for in-coverage

· D2D communication capable UE shall support Mode 2 for at least edge-of-coverage and/or out-of-coverage

Working assumption: For D2D broadcast communication, scheduling assignments that at least indicate the location of the resource(s) for reception of the associated physical channel that carries D2D data are transmitted by the broadcasting UE.

· The indication of resource(s) for reception may be implicit and/or explicit based on scheduling assignment resource or content.

· For Mode 1: 

· The location of the resources for transmission of the scheduling assignment by the broadcasting UE comes from the eNodeB. 

· The location of the resource(s) for transmission of the D2D data by the broadcasting UE comes from the eNodeB.

· For Mode 2:

· A resource pool for scheduling assignment is pre-configured and/or semi-statically allocated.

· FFS whether the resource pool for scheduling assignment is same as the resource pool for D2D data.

· UE on its own selects the resource for scheduling assignment from the resource pool for scheduling assignment to transmit its scheduling assignment.

This section considers specifically for Mode 1 resource allocation the benefits and tradeoffs, in terms of overhead and complexity, of D2D resource request, D2D resource allocation signaling, and scheduling assignment and data transmission procedures. 

[image: image1]As a starting point, we think to reuse the existing cellular resource allocation mechanism, which is described in the Figure 1 below, should be considered as the baseline as much as possible to minimize specification effort in light of the remaining limited time for Rel-12. 

Figure 1. Existing cellular resource request and resource assignment procedure

Observation 1: The existing cellular resource request and resource assignment procedure should be taken as the baseline for Mode 1 resource allocation as much as possible.
2.1
Resource Request Procedure
In the case of cellular unicast operation, the resource request architecture consists of the scheduling request procedure (or random access procedure when scheduling request is not configured) and buffer status report procedure.
In general, we can consider the following two options in the scheduling request procedure: 

· Option-1: No change 

· Option-2: SR is distinguished between infra-structure mode and D2D communication

A key principle is that the eNB should distinguish resource allocation requests for infra-structure mode data or D2D communication in order to schedule the appropriate resources to the UE. In the case of Option-1, the distinction can be made in the buffer status report (BSR) procedure as shown in Figure 2. Additionally, if the UE is not configured with SR, random access procedure will be triggered and D2D BSR can be sent over RACH MSG3.
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Figure 2. Signaling flow of Option-1
However considering the target of D2D communication is for public safety, where the main traffic type is voice communication, it may be beneficial to optimize the signaling flow and reduce into three steps for each voice packet transmission as shown in Figure 3. In Option-2 the SR itself can differentiate whether the UE is requesting an allocation for D2D or cellular traffic and include for example the buffer status report. 
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Figure 3. Signaling flow of Option-2

As stated in the introduction, following the existing procedure closely as in Option-1 can be taken as the baseline unless a significant performance benefit of a more optimized procedure such as Option-2 is found.
Proposal 1: The existing scheduling request procedure can be baseline for Mode-1 resource allocation.
Regardless of whether Option-1 or Option-2 is chosen, we assume the buffer status report should contain the information in order for the eNB to distinguish the amount of data for infra-structure mode and for D2D direct communication and to assign the resources correspondingly. Details of a new buffer status report MAC CE indicating the amount of D2D data needs to be defined in RAN2.
Proposal 2: The contents of the BSR should distinguish between D2D and cellular resource allocation requests.

2.2
Resource Allocation Signaling
Once the eNB receives a resource request from a D2D UE and determines that resources are available, resource allocation signaling is required to inform the UE of the allocation resources. In this case resource allocation for D2D communication should be distinguishable by the UE from cellular resource allocation grants in order to multiplex and send the data correctly between the data for infra-structure mode and for D2D. In general, with the consideration that UL spectrum is used for D2D communication, the following alternatives should be considered: 

Alternative-1: Use an existing DCI format for UL allocation and introduce a new C-RNTI for D2D resource allocation
Alternative-2: Use an existing DCI format for UL allocation and use the timing relationship between the DCI reception and resource configuration to differentiate between D2D and cellular resource allocations
Alternative-3: Modify an existing UL allocation DCI format for D2D resource allocation
Alternative-4: Introduce a new DCI format for D2D allocation
The main drawbacks of Alternative-1 would be the additional specification effort and configuration overhead for the UE required with introducing the new C-RNTI. 

For Alternative 2, no change is needed with regards to the existing UL resource allocation DCI format or coding. The UE will implicitly determine whether the resource grant is for a D2D transmission if the indicated UL resource belongs to the resource pool for D2D communication. In comparison with the Alternative-1, it can be a straightforward option with minimal required specification, however may impose certain scheduling restrictions on the eNB to enforce the timing relation with the D2D resource pool configuration. 
Alternative-3 has the same benefit as Alternative-1 and Alternative-2 in reusing the existing DCI formats for UL assignment. An additional benefit over Alternative-1 is that a new C-RNTI does not need to be introduced solely for D2D resource allocation, but the coding or scrambling of the DCI can be used to differentiate between D2D and cellular grants. 
Alternative-4 may support the most efficient signaling overhead due to the ability to design a format that carries the minimum required information for D2D broadcast communication resource allocation. For instance, considering that the MCS level for D2D communication could be fixed and no L1/L2 feedback is supported, some information in the existing DCI for UL assignment can be omitted. However it may also be the most complex solution, requiring more specification effort and discussion time, which is an important consideration due to the limited time available for Rel-12. 
Proposal 3: The following alternatives for resource allocation signaling for Mode-1 should be further evaluated considering the tradeoffs between specification impact, total overhead, and resource allocation flexibility:
Alternative-1: Use an existing DCI format for UL allocation and introduce a new C-RNTI for D2D resource allocation
Alternative-2: Use an existing DCI format for UL allocation and use the timing relationship between the DCI reception and resource configuration to differentiate between D2D and cellular resource allocations
Alternative-3: Modify an existing UL allocation DCI format for D2D resource allocation
Alternative-4: Introduce a new DCI format for D2D allocation
2.3
Scheduling assignments
Additionally, another consideration is how a resource allocation via a scheduling assignment is transmitted. For Mode 1, the Tx UE transmits data on the resource indicated by the eNB and provides an indication of the transmission resource by transmitting a scheduling assignment (SA). The minimum information required by the Rx UE for broadcast message reception is the frequency-domain resource allocation as well as MCS level and TBS size for the D2D broadcast transport blocks.

However, as discussed in detail in [3], given that D2D broadcast transmission operates without L1/L2 feedback, link adaptation within a given D2D transmission is not supported and thus resource block allocation, MCS, and TBS size should be fixed. The control signaling can be greatly simplified as a result. 

As further discussed in [4], the scheduling assignment can be conveyed by the DMRS of Physical D2D Data Communication Channel (PD2DCCH). The detection of the DMRS-based SA indicates that the current D2D resource is currently occupied by a data transmission from the same UE as well. An advantage of the DMRS-based SA is the very low control overhead for the SA since the UE will not need to decode a separate message for the SA. This is especially important for Mode 1 since the eNB will need to allocate resources for the SA and data to the transmitting UE and can be this design allows a single resource allocation grant from the eNB for both SA and data. Additionally, the UE can be configured with a single resource pool for both D2D data and SAs, without the need for D2D Rx UEs to monitor specifically configured resources for SA transmissions.    

Proposal 4: A single resource allocation grant can be provided by the eNB for D2D data and SA transmission.
Proposal 5: A SA is indicated by the DMRS of the corresponding D2D data transport block and is concurrently transmitted within the same D2D resource.
3   Conclusion
This contribution has discussed design aspects of resource allocation for D2D broadcast communication and provides the following observations and proposals:
Observation 1: The existing cellular resource request and resource assignment procedure should be taken as the baseline for Mode 1 resource allocation as much as possible.
Proposal 1: The existing scheduling request procedure can be baseline for Mode-1 resource allocation.
Proposal 2: The contents of the BSR should distinguish between D2D and cellular resource allocation requests.

Proposal 3: The following alternatives for resource allocation signaling for Mode-1 should be further evaluated considering the tradeoffs between specification impact, total overhead, and resource allocation flexibility:

Alternative-1: Use an existing DCI format for UL allocation and introduce a new C-RNTI for D2D resource allocation
Alternative-2: Use an existing DCI format for UL allocation and use the timing relationship between the DCI reception and resource configuration to differentiate between D2D and cellular resource allocations
Alternative-3: Modify an existing UL allocation DCI format for D2D resource allocation
Alternative-4: Introduce a new DCI format for D2D allocation
Proposal 4: A single resource allocation grant can be provided by the eNB for D2D data and SAs transmission.
Proposal 5: A SA is indicated by the DMRS of the corresponding D2D data transport block and is concurrently transmitted within the same D2D resource.
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