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1
Introduction
As per the WID of D2D [1], RAN1 & RAN2 have the responsibility to specify resource allocation mechanisms for D2D communication. RAN2 in particular must consider the signalling impact of Mode 1 resource allocation, and its interaction with other procedures (e.g. mobility).
	2) Specify resource allocation mechanisms for D2D discovery and broadcast communication [RAN1, RAN2] 

:

b) eNB resource allocation mechanisms, for D2D discovery and broadcast communication [RAN2, RAN1]


In RAN2# 85 the following agreements were reached regarding Mode 1 resource allocation [2]:

	Agreements
1
All UEs (Mode 1 (“scheduled”) and Mode 2 (“autonomous”)) are provided with a resource pool (time and frequency) in which they attempt to receive scheduling assignments. 

FFS how the resource pool is configured/provided to UEs in or out of coverage. (e.g. pre-configured; provided by eNB in SIB; forwarded by UEs in coverage to UEs out of coverage)

2
In Mode 1, a UE requests transmission resources from an eNB. The eNB schedules transmission resources for transmission of scheduling assignment(s) and data. 

2a
In Mode 1, the UE sends a scheduling request (D-SR or RA) to the eNB followed by a BSR based on which the eNB can determine that the UE intends to perform a D2D transmission as well as the required amount resources. 

2b
In Mode 1, it is FFS how the eNB indicates the transmission resources to the UE. 

2c
In Mode 1, the UE needs to be RRC Connected in order to transmit D2D communication. 




In this contribution, we discuss the implications of Mode 1 D2D resource allocation, and the signalling impacts of different approaches. In particular we discuss signalling for resource allocation to both the transmitting and the receiving UEs, and compare different approaches to convey the communication resource pool to receiving UEs. 

2
Mode 1 D2D Resource Allocation to TX UE
As defined in [2] Mode 1 resource allocation applies to transmitting D2D UEs in network coverage. The serving eNB (or possibly relay node) schedules the resources used by the UE for D2D data transmission. The transmitting UE then transmits its data on the assigned resources over the air interface, and other UEs in proximity receive, process, and decode these transmissions. 
Since D2D communications are half duplex, a UE can either transmit D2D data or receive D2D data, but can not do both simultaneously. By appropriate scheduling of transmission resources, the eNB can guarantee that two UEs from the same communication group are not scheduled to transmit it the same subframe. Otherwise each of these UEs would not receive the transmission from the other UE. 
A UE may belong to two communication groups (say Group 1 and Group 2). eNB scheduling can also insure that such a UE is not scheduled to transmit to Group 1, and in the same subframe another UE is scheduled to transmit to Group 2. In order to achieve this, the eNB must have knowledge of the group membership of the UEs it serves.
Proposal 1: To enable effective scheduling of D2D resources, the eNB shall be aware of the group membership of the UEs it serves.
Reference [3] discusses the configuration of parameters for the D2D radio bearers (D2D RBs). It concludes that the existing framework and procedures for RB establishment and QoS configuration can easily be extended to D2D communications. A UE initiating a D2D service can use these procedures to configure a RB mapped to the D2D link with appropriate parameters to achieve the QoS desired for the service. 
Once configured, the UE can trigger dynamic resource allocations for D2D transmissions using Scheduling Requests (SR) and Buffer Status Reports (BSR). Reference [4] discusses how the existing uplink scheduling request procedure (Fig.1) can be extended to request resources for D2D RBs. The eNB can then use the UE’s buffer occupancy information, combined with its knowledge of the RB QoS requirements, to decide the amount or radio resource to allocate to this UE for D2D transmissions. The eNB then uses existing signalling procedures to schedule these resources for transmission by the D2D UE. The scheduling may be dynamic (PDCCH signalling) or semi-persistent (RRC signalling + PDCCH for activation).
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Fig.1 Uplink scheduling request procedure
Proposal 2: Existing procedures including RB establishement, resource request, and resource grant are used for resource allocation to the D2D transmitting UE .
3
Signalling of D2D Resources to RX UEs
With 1:M broadcast communication, all other UEs in the communication group (other than the transmitting D2D UE) should attempt to receive and decode the D2D transmission. A naive approach would be for ALL receiving D2D UEs to attempt to receive and decode ALL D2D data transmissions from other proximate UEs, regardless of the communication group. After decoding all of these transmissions, the receiving UE would then filter these data transmissions based on the L2 target address, and discard any data transmissions whose target address did not match its group membership. Such an approach would be extremely wasteful of device resources, including processing resource, memory, and power (battery life). Decoding of the data transmissions from the air-interface is one of the most taxing processing tasks that the UE does.

Therefore, it is much more efficient for a receiving UE to have information of the specific radio resources (subframes, resource block, etc.) allocated for D2D transmissions from other group members. With this information the receiving UE can be more judicious in using its processing resources, and only decode data D2D transmissions from other members of its group.

Observation 1: Efficient utilization of UE processing, memory and power resource requires signalling of the radio resources allocated for D2D transmission by members of the UE’s communication group(s).
Observation 2: The naïve approach may still serve as a fall back to address limited scenarios, such as out-of-coverage UEs and inter eNB D2D communication.

4
Possible Solutions
There are several possible have been proposed to address this problem: 

1) Explicit Scheduling by eNB: The eNB signals each member of a D2D communication group, every time it allocates a transmission resource to a member of that group.

This approach is not very efficient in terms of radio resource utilization; because a lot of air interface bandwidth would be consumed by signalling each member of a communication group with each new transmission resource allocation.

2) Explicit Scheduling by TX D2D UE: The eNB signals the transmitting D2D UE with its transmission resource grant. The transmitting UE then re-broadcasts the resource assignment using a separate Scheduling Assignment message. Receiving D2D UEs would try to decode every SA they can hear, and once decoded the SA. 

Subsequently, the transmitting UE transmits its actual data transmission on the radio resources granted by the eNB. Receiving UEs, assuming they have been able to decode the SA, will then have enough information to receive and decode the actual D2D data transmission.

This approach reduces the scope of the problem, in that each receiving D2D UE now decodes all the SAs, but then filters them to find the D2D data transmission for its group. If D2D data transmissions are relatively small (on the same order as the size of an SA) then this approach is even more wasteful of both UE processing and air interface bandwidth then a brute force decoding of D2D transmissions (the receiving UE decodes twice).

Furthermore, SAs introduce additional delay to the data transmission, as the SA should be transmitted and decoded by receiving D2D UEs of the group before the actual D2D data transmission. Also, there is an impact to the data transmission reliability with SAs. If a UE fails to decode an SA, it is unaware of a D2D data transmission. This would manifest itself as reduced group communication throughput.

3) Implicit Reception Pool:

In this approach, the eNB allocates a pool of radio resources to the communication group (group reception pool). This allocation is broadcast to all members of the communication group (e.g. using PDCCH or ePDCCH). After this reception resource pool has been established for the group, the eNB can assign specific subframes from pool to individual TX D2D UEs (as in section 2 above). Each transmitting UE then implicitly knows to attempt to receive D2D transmissions form the remaining resources of the reception pool. It other words it should decode the reception pool RBs in the subframes that that it was not assigned for transmission.

Since the group allocation would typically be a fraction of the total system bandwidth, it is far more efficient for a D2D UE to only receive and decode only this subset of air interface resource than the naïve approach. Furthermore, as the group allocation is based on the eNB’s estimate of the cumulative resource allocation that would be needed by all transmitters in the group, the size of the group allocation is much more stable than allocations to individual UEs, which may be very bursty. Group allocation benefits from statistical multiplexing of all the transmissions from members of the group.

The eNB may need to update a group allocation from time to time (e.g. due to inaccuracy in predicting a groups traffic demand). However, because of the impact of statistical multiplexing, these updates can be much less frequent than allocations to individual group members (Explicit Scheduling by eNB). Thus group allocation can consume far less bandwidth for signalling than the two methods previously described. 

It is useful for the eNB to over-provision the resources for a group allocation (more radio resource than are actually needed by the group). This over-provisioning provides some margin, so that there are always some unallocated time subframes from the group allocation available to be allocated to another UE requesting a D2D resource allocation. 

Over-provisioned resources need not be wasted, as the eNB may dynamically allocate these uncommitted resource in the groups reception pool to a transmitter from another D2D group, or for non-D2D transmission (UL cellular transmissions). A receiver from the group would of course attempt to decode such data transmissions, but would either fail or simply discard the data as not relevant to its group.
4) Implicit Indication of Group Transmissions:

In this method the eNB once again allocates radio resources to a D2D transmitter from a communication group (as in section 2 above). The eNB does not explicitly signal the receivers with this allocation (Explicit Scheduling by eNB). Neither does the transmitting UE (Explicit Scheduling by TX D2D UE). Rather the TX UE sends a physical layer signature, such as a scrambling sequence or reference signal that maps to the group’s L2 target address [5]. This signature or reference signal would be transmitted as part of, or embedded within the D2D data transmission.

A receiving UE belonging to this D2D group, can search for the signature corresponding to its group L2 target address, and if found this would imply that this resource contains data for the corresponding D2D group. Hence, the receiving UE would attempt to decode the data transmission. Since searching for a signature or scrambling code is typically much more efficient that data decoding, the receiving UE can save substantial processing resources, power, etc. A further advantage of this approach is that no additional system bandwidth is consumed for signalling of the resource pool to the receiving UEs.

In order for the signature search to be efficient, the number of possible signatures should be relatively small. This number is likely to be much smaller than the size of the L2 target address space. For example, the L2 target address may be a 48 bit number (248 possible communication groups). Whereas, the number of distinct scrambling signatures might only be 216 (16 bit index). Thus the mapping from group address to signature is not unique (not invertible). In this case more than one communication group (L2 target ID) may map to the same physical layer signature or scrambling code. However, practically a receiving UE will still benefit, and achieve considerable savings in processing and power, as decoding data from another communication group with the same signature (false alarm decoding) should be rare.

In order to minimize the instances of such false alarm decoding, the mapping from L2 group target address to signature index may be randomized. This can be achieved for example, through the use of an appropriate pseudo-random hash function for this mapping.
Observation 3: D2D scheduling assignments may be indicated explicitly or implicitly to receiving D2D UEs.
Proposal 3: RAN2 should evaluate and select one of these 4 methods for signalling of communication resources to receiving D2D UEs, based on quantifiable performance metrics. Appropriate performance metrics may include D2D UE power consumption, signalling overhead and system bandwidth consumption, impact to D2D group communication throughput, etc.
5
Conclusion

In this contribution, we have discussed signalling of D2D scheduling assignments to both transmitting and receiving UEs for Mode 1 resource allocation. We have the following observations and conclusions:
Observation 1: Efficient utilization of UE processing, memory and power resource requires signalling of the radio resources allocated for D2D transmission by members of the UE’s communication group(s).
Observation 2: The naïve approach may still serve as a fall back to address limited scenarios, such as out-of-coverage UEs and inter eNB D2D communication.

Observation 3: D2D scheduling assignments may be indicated explicitly or implicitly to receiving D2D UEs.
Proposal 1: To enable effective scheduling of D2D resources, the eNB shall be aware of the group membership of the UEs it serves
Proposal 2: Existing procedures including RB establishement, resource request, and resource grant are used for resource allocation to the D2D transmitting UE
Proposal 3: RAN2 should evaluate and select one of these 4 methods for signalling of communication resources to receiving D2D UEs, based on quantifiable performance metrics. Appropriate performance metrics may include D2D UE power consumption, signalling overhead and system bandwidth consumption, impact to D2D group communication throughput, etc.
6
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