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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). 
2   Design Issues

This section considers for Mode 1 resource allocation the benefits and tradeoffs, in terms of overhead and complexity, of D2D resource request and allocation signaling, and scheduling assignment and data transmission procedures. 
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As a starting point, reusing 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 pools for Mode 1
Furthermore, resource pools can be defined as periodic sets of time/frequency resources which UEs utilize for a given D2D transmission and receiving UEs can search for potential transmissions, including scheduling assignments and data transmissions as shown in Figure 2. 
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Figure 2: Resource pool configuration for SA and data
Additionally as agreed in RAN1#76bis these resource pools, at least for SA resources, may be configured by a D2D server or SIB depending on the deployment scenario:

Agreements:
· Semi-static pool(s) of resources can be allocated for SA

· eNodeB may broadcast the information about the SA resource pool using SIB for D2D UE

· Transmission pool for Mode 2 

· Reception pool(s) for Mode 1 and Mode 2 

· UE is not required to decode neighboring cell SIB
Unlike Mode 2 operation [3], in the case of Mode 1 definition a transmission pool for SA or data resources is not required because the eNB itself can allocate resources directly according the request/grant procedure.

Figure 3 below illustrates example SA and data transmission and reception pool configurations for both Mode 1 and Mode 2 and their corresponding SA and data cycles based on the design principles discussed in this contribution. As shown in Figure 3, the resource pools for SA and data may have an overlap between Mode 1 and Mode 2 according the configuration of the eNB. This is beneficial in the case of partial coverage where out-of-network UEs may still be able to communicate with in-network UEs by sharing a common set of resources. This is further motivated since in RAN1#76bis is was decided to support both Mode 1 and Mode 2 for PS UEs:

Agreements:
· Mode-1 is specified for PS

· Mode-2 is specified for PS

· Which mode(s) UE supports will be discussed separately in Rel-12 UE capability discussion
Observation 2: It is beneficial for SA and data resources to have a partial overlap to support communication between UEs operating in Mode 1 and Mode 2.
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Figure 3. Scheduling assignment and data resources

2.2
Resource request procedure

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 general, we can consider the following two options in the scheduling request procedure. 

· Option-1: The BSR is distinguished between infra-structure mode and D2D communication 

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

In the case of Option-1, the distinction can be made in the buffer status report (BSR) procedure as shown in Figure 4. Specifically a new D2D BSR can be utilized with contents specific for D2D resource allocation. 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 4. 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 5. 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 5. 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: A new D2D BSR should be used to distinguish between D2D and cellular resource allocation requests.
Details of a new buffer status report MAC CE indicating the amount of D2D data needs to be defined in RAN2.
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. 
Additionally during RAN1#76bis the following agreements were reached:

Agreements:
· For Mode 1 transmission,

· eNodeB or Rel-10 relay allocates resources to a D2D transmitter for SA and Data using PDCCH or EPDCCH

· FFS: Linkage between SA and Data

· FFS: Separate grant for Data

· Single grant can schedule multiple Data transmission opportunities

· The multiple opportunities can be used for the multiple transmissions of a single TB

· The multiple opportunities can be used for the transmissions of multiple TBs

· FFS: Which entity decides how each transmission opportunity is used

· FFS: Single grant can schedule single SA transmission

· Single grant can schedule multiple SA transmissions

· FFS: Whether the multiple SA transmissions are of the same SA or different SA

· FFS: C-RNTI or another UE-specific RNTI is used at least for scrambling of CRC of a  D2D grant

· eNodeB or Rel-10 relay controls transmission power of SA and Data using PDCCH or EPDCCH

In general, with the consideration that UL spectrum is used for D2D communication, the following alternatives should be considered: 

The first design aspect concerns the DCI format size utilized to carry the D2D resource allocation grant. Two alternatives are:
Alternative-1: Use an existing DCI format size for D2D allocation 
Alternative-2: Introduce a new DCI format size for D2D allocation
Alternative-2 may support the more 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 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. Additionally a new DCI format size will increase the PDCCH blind decoding complexity at the UE which is not desirable. 
Considering the tradeoffs between specification impact, total overhead, and resource allocation flexibility, using an existing UL allocation DCI format size (Alternative-1) can be considered as a baseline unless significant benefits of other approaches can be shown.
Proposal 2: Utilizing an existing UL allocation DCI format size for D2D resource allocation for Mode-1 should be taken as baseline for Rel-12.
Assuming Alternative-1 above is taken as the baseline, a UE will need to be able to appropriately interpret the contents of the DCI format used for D2D resource allocation differently than one used as part of the existing cellular allocation procedure. Four alternatives may be considered:
Alternative-1A: Introduce a new UE specific RNTI for D2D resource allocation (D2D-RNTI) 
Alternative-1B: Use the timing relationship between the DCI reception and resource configuration to differentiate between D2D and cellular resource allocations
Alternative-1C: Use the existing C-RNTI and a predefined mask to scramble the CRC of the DCI for D2D resource allocation
Alternative-1D: Introduce fixed codepoint(s) or conditions on field(s) within the DCI to differentiate between D2D and cellular grants
The main drawbacks of Alternative-1A would be the additional specification effort and configuration overhead for the UE required with introducing the new UE–specific RNTI. 

For Alternative-1B, 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-1A, 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-1C has the same benefit as Alternative-1A and Alternative-1B in reusing the existing DCI formats for UL assignment. An additional benefit over Alternative-1A is that a new UE-specific RNTI does not need to be introduced solely for D2D resource allocation, but the scrambling of the DCI’s CRC can be used to differentiate between D2D and cellular grants. For example the C-RNTI + a D2D-specific mask may be used for CRC scrambling of the DCI, providing the same performance as a new RNTI-based approach such as Alternative-1A without the need for any additional higher-layer signaling.
Alternative-1D is similar to Alternative-1C in that no additional signaling overhead is required for differentiating between D2D and cellular resource allocation grant. However the scrambling of the DCI is not impacted, but instead certain fields of the DCI are assigned specific fixed values or conditions which the UE may interpret to indicate whether the grant is used for cellular or D2D resource allocation. The specific fields and values/conditions used for this purpose would depend on the total desired contents of the resource grant which are further discussed below.
Proposal 3: RAN1 should consider the following alternatives for differentiating Mode 1 D2D and cellular resource allocation grants:

Alternative-1A: Introduce a new UE-specific RNTI for D2D resource allocation (D2D-RNTI)
Alternative-1B: Use the timing relationship between the DCI reception and resource configuration to differentiate between D2D and cellular resource allocations
Alternative-1C: Use the existing C-RNTI and a predefined mask to scramble the CRC of the DCI for D2D resource allocation
Alternative-1D: Introduce fixed codepoint(s) or conditions on field(s) within the DCI to differentiate between D2D and cellular grants
The minimum information required to be provided by the eNB is the time/frequency resource allocation (RPTs) for the scheduling assignment and D2D broadcast data transport blocks. As discussed in detail in [4], the RPTs provided by the eNB for Mode 1 Tx UEs should provide for both SA and data repetitions including support for time/frequency hopping patterns. The explicit indication of retransmission patterns or target IDs may not be needed since the transmitting UE can have the flexibility to determine how to utilize the resources allocated by the eNB.
To reduce the signalling overhead for Mode 1, since the eNB will need to allocate resources for the SA and data to the transmitting UE, a single resource allocation grant can be designed from the eNB for both SA and data. 

Proposal 4: A single resource allocation grant can be provided by the eNB for D2D data and SAs transmission.
Based on the above discussion, analysis of taking DCI Format 0 as the candidate for Mode-1 allocation is provided in Table 1 below. The existing fields and sizes are listed and corresponding comments are made regarding whether their interpretation when the DCI is used for D2D resource allocation. 
	Field Name
	Length
	Purpose in SA+Data Grant

	Flag for format0/format1A differentiation
	1
	Reserved

	Hopping flag
	1
	May be used to indicate frequency hopping

	N_Ulhop
	1 (1.4 MHz)
1 (3 MHz)
1 (5 MHz)
2 (10 MHz)
2 (15 MHz)
2 (20 MHz)
	May be used to indicate frequency hopping pattern

	Resource block assignment
	5 (1.4 MHz)
7 (3 MHz)
7 (5 MHz)
11 (10 MHz)
12 (15 MHz)
13 (20 MHz)
	May be used to indicate SA+D2D data RPT; FFS: Fixed length or based on BW of serving cell 

	MCS and RV
	5
	FFS: Reserved or Fixed Pattern

	NDI (New Data Indicator)
	1
	FFS: Reserved or Fixed Pattern

	CQI request (1 bit)
	1
	Fixed Value

	TPC for PUSCH
	2
	FFS: Used for power control of SA/Data

	Cyclic shift for DM RS
	3
	FFS: Reserved

	UL index (TDD only)
	2
	FFS: Reserved or Fixed Pattern (when present)

	Downlink Assignment Index (DAI)
	2
	FFS: Reserved or Fixed Pattern (when present)


Table 1. Control information carried in Mode 1 resource allocation grant
The details of the fields in Table 1 should be further discussed by RAN1 as well as the scheduling assignment design [4] depending on the outcome of the agreements on the basic principles of request/grant procedures for Mode 1. 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 it is beneficial to repeat the observation of [3] regarding the benefit of a unified design as much as possible for Mode 1 and Mode 2 considering the Rel-12 specification timeline.

Observation 3: It is beneficial to support the same SA design for Mode 1 and Mode 2. 
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.
Observation 2: It is beneficial for SA and data resources to have a partial overlap to support communication between UEs operating in Mode 1 and Mode 2.
Observation 3: It is beneficial to support the same SA design for Mode 1 and Mode 2. 

Proposal 1: A new D2D BSR should be used to distinguish between D2D and cellular resource allocation requests.
Proposal 2: Utilizing an existing UL allocation DCI format size for D2D resource allocation for Mode-1 should be taken as baseline for Rel-12.
Proposal 3: RAN1 should consider the following alternatives for differentiating Mode 1 D2D and cellular resource allocation grants:

Alternative-1A: Introduce a new UE-specific RNTI for D2D resource allocation (D2D-RNTI)
Alternative-1B: Use the timing relationship between the DCI reception and resource configuration to differentiate between D2D and cellular resource allocations
Alternative-1C: Use the existing C-RNTI and a predefined mask to scramble the CRC of the DCI for D2D resource allocation
Alternative-1D: Introduce fixed codepoint(s) or conditions on field(s) within the DCI to differentiate between D2D and cellular grants
Proposal 4: A single resource allocation grant can be provided by the eNB for D2D data and SAs transmission.
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