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1
Introduction
In RAN#1 76 [1] the following agreements on scheduling assignments was made:
· 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

· Scheduling assignments use PUSCH structure for transmission

· Details of PUSCH structure including DMRS and RE mapping are FFS

· At least the following are not precluded from further study: Scheduling assignments piggybacked with data, or indicated over DMRS

· 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

· 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 

In RAN1# 77 some additional agreements were made

Agreement:  

· For both Mode 1 and Mode 2, resource for single transmission (i.e. 1 subframe) of SA is FFS between 1 PRB-pair and 2 PRB-pair

· Retransmissions of  SA are supported

· FFS whether Chase combining

· Total number of transmissions of SA is FFS between
· fixed to a single value in specifications, and
· (pre-)configurable among two values
· FFS until RAN1#78 what these values are
· Number(s) of SA subframes in the SA resource pool FFS until RAN1#78 
· Given a certain SA resource pool and time/frequency resource that is used for a transmission of an SA message by a UE, the other time/frequency resources used by the same UE for transmission(s) of the same SA message within an SA resource period are known and fixed in the specification
· Details FFS
· FFS on whether/how to minimize the collision of transmissions in Mode 2
This contribution discusses how the SA transmission patterns shall be defined for optimal performance.
2
Discussion
2.1
Number of subframes and transmissions
In this contribution we will discuss topics in the agreement above that are still open. Regarding the number of SA transmissions and number of SA subframes we note that these topics cannot be decided independently because they depend on other factors like

· The number of total D2D subframes in the D2D data resource period

· The acceptable SA overhead

· The required number of SA transmission patterns as more patterns means a smaller probability for collision in mode 2

It is reasonable to assume that the number of SA subframes should be much smaller than those for data transmissions as control signaling should have a small overhead. In LTE the downlink control channel consumes on average about 10% of the resources. The proportion between the number of SA subframes and data subframes could be of the same order. In order to have the flexibility to configure the data period and keep the control signaling at a reasonable level both data and control subframes should be configurable. 
Proposal 1: The number of subframes for data transmission and scheduling assignment transmission should be configurable. 

2.2

Considerations on SA patterns

The agreements clearly indicate that there should be several transmissions of the same scheduling assignment happening on different time-frequency resources in the SA period. The resources (subframes and PRB pairs) used for all transmissions of a given SA is referred to as a pattern. In addition, the patterns should be orthogonal and the whole patterns should be selected by the UE, not individual resources.

The major motivation of scheduling assignments has been considered in [2]: 

· Allowing for receiving data more energy efficiently, since only the resources indicated by SA need to be monitored
· Possibility for efficient collision avoidance on the data channels for out of coverage, since the potential broadcast transmitter may try to detect SAs from other transmitters and even determine the resources for the associated data transmissions.
Both considerations are valid and can be used as the starting point for the design of the actual patterns. Another valid observation is that the discovery operations for D2D uses similar kinds of patterns and for designing SA pattern some reuse could be possible.
Discussions on the discovery operations have concluded the following principles for the pattern design:

· For half duplex, the pattern ensures two discovery resources used by different UEs are at least once not transmitted on the same sub-frame.
· Number of patterns
· Optionally some IBE considerations
Looking at the motivations for the SA and discovery pattern design it seems that the design of SA patterns could follow similar rules. The half-duplex property is important as it tries to ensure that actually all UEs are aware of the resources where other UEs intent to transmit. This is important both for receiver efficiency as well as collision control. It is of course important to have a larger number of patterns in order to minimize the probability for pattern collisions and in order to support the number of UEs that can scheduled in one SA period. In addition, IBE problem exists also for SA patterns and should therefore be part of the design.

Proposal 2: Apply similar design criteria for the SA patterns as have been defined for discovery, i.e. half-duplex and IBE considerations.

2.3

Design of the SA patterns

RAN1 has not yet decided how many subframes will be used for SA transmissions, and how many retransmissions of a SA message are supported. In any case, at least the number of subframes and PRB pairs for SA transmissions should be configurable, and hence the pattern design should be scalable and work for a variety of combinations of the configurable parameters. One suitable approach for this problem is the combinatorial approach described in [3], which first finds all possible combinations of transmit and receive subframes and from these selects the best patterns that can be accommodated in the available frequency resources, taking into account any other necessary conditions like IBE. Detailed description of the combinatorial design, including signaling support for it, is found in [3], where the patterns are described in the context of D2D discovery procedure. 
Figure 1 shows the considered logical resource space assumed for transmission of Scheduling Assignments (SA). It consists of M parallel resources and consecutive sets of N serial resources. A physical resource, which is outside the scope of this contribution, can be e.g. 1-2 PRBs in frequency (domain of parallel resources) and one subframe in time (domain of serial resources).
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Figure 1. Logical SA resources. The selection of which of the logical resources within sets of N serial SA resources UE transmits is either indicated by eNB (Mode 1) or selected by each UE (Mode 2).
We denote the SA pattern length with N. Hence, there are N subframes available for transmission (Tx) and reception (Rx) phases. N provides also an upper limit for the SA time period. We denote the number of Tx subframes in the pattern by k.

As the pattern consists of N subframes in total, there are
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different patterns available consisting each of k transmissions each. Two different patterns within the same number of transmissions k can be used for solving half-duplex constraint for two UEs transmitting SA in the same SA period. For example, in Figure 2 all patterns available for 4 subframes and 2 transmissions are shown. Properties of the patterns are discussed in more details in [3].
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Figure 2. Example of pattern design, N=4, k = 2.
As it is clear from Figure 2, the number of parallel resources is less than the number of patterns, and can be defined by a predefined mapping, as exemplified in Figure 3. 
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Figure 3. Mapping SA patterns into logical resources. In the right side, the numbers in the red boxes give the index to the corresponding parallel resources.

As shown in [3], the patterns can be described in terms of circular shifts of reference patterns, which simplifies the related signaling. 
Proposal 3: Characterize the SA pattern design by two parameters, pattern length N and number of Tx portions k.

Proposal 4: Dimension the SA resources according to the number of parallel transmission resources used.

Proposal 5: Reference SA patterns are used in the definition of the mapping between SA pattern index and physical resource.

3
Conclusion
In this contribution, we discussed patterns for scheduling assignments with the following proposals:
Proposal 1: The number of subframes for data transmission and scheduling assignment transmission should be configurable. 
Proposal 2: Apply similar design criteria for the SA patterns as have been defined for discovery, i.e. half-duplex and IBE considerations.

Proposal 3: Characterize the SA pattern design by two parameters, pattern length N and number of Tx portions k.

Proposal 4: Dimension the SA resources according to the number of parallel transmission resources used.

Proposal 5: Reference SA patterns are used in the definition of the mapping between SA pattern index and physical resource.
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