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1. Introduction
In this contribution, we discuss the detailed design of SA transmission schemes to provide reliable detection/decoding of SA packets.  Accordingly we provide a design of patterns in both time domain and frequency domain for SA transmissions. Lastly we discuss resource selection and collision avoidance for SA transmissions. 
2. Resource allocation and selection
Scheduling assignment transmission 
A scheduling assignment (SA) is transmitted before data transmission and can support DRX (discontinuous reception), as illustrated in Figure 1. For an SA period, resources are divided into an SA region and a data region in the time domain. Scheduling assignments are used to convey scheduled D2D communication information which includes resource allocation and transmission pattern for data transmission. 
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Fig.1 scheduling assignment before data transmission
To resolve the half-duplex constraint and randomize interference to WAN traffic due to leakage of in-band emissions, we can employ resource patterns for transmission of scheduling assignments in an SA region. Each scheduling assignment from a broadcast UE is retransmitted several times based on the transmission pattern in the SA region of an SA period. While a broadcast UE only uses a part of the SA subframes for transmissions of its own scheduling assignments, it receives and decodes scheduling assignment packets from other UEs in the remaining sub-frames in this SA region, as shown in Figure 2. With this method, multiple broadcast UEs have the chance to detect potential collisions in resource allocation for data transmission.
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Fig. 2 Multiple sub-frames for scheduling assignment transmissions in an SA region
SA retransmissions can also spread over multiple SA periods, which can be viewed as a super SA period, as shown in Figure 3.
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                     Fig.3 SA sub-frames spread over multiple SA periods 
A suitable SA period should be selected to balance control signalling overhead and scheduling latency. Since VoIP traffic is periodic with a voice encoder generating a voice packet for each 20ms, the SA period could be designed as multiple of 20ms such as 20ms, 40ms, etc. However, to make sure the scheduling latency of unicast transmission is acceptable, the SA period should be as short as possible. 
One design is to set the SA period as 20ms and the super SA period as 160ms. For VoIP traffic, 8 SA sub-frames are spread in a super SA period as shown in Figure 3, which schedule data transmission of VoIP traffic in the next super SA period. A broadcast UE transmits a SA packet twice in this period. The scheduling latency of VoIP traffic is acceptable since the requirement of end-to-end latency for VoIP traffic is 200ms. On the other hand, for other data traffic, one SA is transmitted in the SA region in an SA period, which schedules data transmission of unicast traffic in the following data region in the same SA period to reduce scheduling latency.   
Proposal 1: To resolve the half-duplex constraint and randomize interference due to in-band emission, multiple sub-frames with a transmission pattern are used for transmissions of scheduling assignments in an SA period

Proposal 2: To reduce control signalling overhead, SA retransmissions are spread over multiple SA periods 
Patterns for SA transmisstions 

In this section, we provide a design of tranasmission patterns for SA transmissions in both time domain and frequency domain. In time domain, the T-RPT set constructed from Walsh matrices possesses a nice structure and properties to resolve the half-duplex constraint and randomize interference. The detailed design can be found in a companion Tdoc [1]. 
The construction of T-RPT set (the time domain indexing is shown in the figure below) includes two sequential steps:
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Fig.4. Indexing of sub-frames for T-RPT construction 
1. Based on elements in a row of a Walsh matrix W4 of order 4 and its complement W4‘(except for the two 1st rows) as shown in Fig.5, a broadcast UE determines whether to transmit/receive in each subframe groups. +1 indicates that the UE transmits in one of the two subframes in the sub-frame group, and -1 indicates that the UE does not transmit in either of the subframes in the subframe group and may therefore receive.  
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Fig.5. Walsh matrix of order 4 and its complement  
2. Based on elements in a row of expansion matrices E2 and E2‘as provided below, a broadcast UE determines which subframe (subframe 0 or subframe 1) within a subframe group is used for the transmission in that subframe group. 
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For frequency hopping, the hopping bandwidth for SA transmissions is divided into 2 sub-bands. A broadcast UE hops between 2 sub-bands and uses the RBs of the same relative location within sub-bands (same relative channel) for frequency hopping. Accordingly by exploiting the complementary properties of the T-RPT set, we design frequency hopping patterns for SA transmissions.
To explain the frequency hopping patterns more clearly, we use Pi,j to denote a transmission pattern in the time domain with i∈{2,4}∪{2’,4’} and j∈{1,2}∪{1’,2’}. If i∈{2,4}, the ith row of W4 is used for T-RPT construction, and if i∈{2’,4’}, the ith row of W4‘ is used for T-RPT construction. Similarly, if j∈{1,2}, the jth row of E2 is used for T-RPT construction, and if j∈{1’,2’}, the jth row of E2‘ is used for T-RPT construction. Hence PI,J denotes the whole T-RPT set. Pi,J denotes a T-RPT subset with i fixed and J={1,2}∪{1’,2’}. Within a subset Pi,J , Pi,j and Pi,j’ are complementary transmission patterns. There are 2 pairs of complementary patterns in each subset. Pi,J and Pi’,J are complementary T-RPT subsets. 
The frequency hopping patterns follow two assignment rules. First, both complementary T-RPT subsets and complementary transmission patterns are assigned RBs of the same relative location within a sub-band (same relative channel). Second, within a T-RPT subset Pi,J, non-complementary patterns Pi,j and Pi,k use the same relative location within sub-bands. However, they use different sub-bands for their 1st transmissions. Fig. 6 shows the frequency hopping patterns of the T-RPT set.  
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                       Fig.6. Frequency hopping patterns of T-RPT set   

The designed patterns for SA transmissions possess the following properties: 
· The total number of available patterns is 16.  A broadcast UE transmits an SA packet twice in an SA period. In the time domain, the 2 transmissions are divided into the first 4 SA subframes and last 4 SA subframes, which can help avoiding SA conjestion. 
· In the time domain, for any two broadcast UEs using different patterns, one broadcast UE can have the chance to receive SA transmissions from the other broadcast UEs at least once, which resolves the half-duplex constraint. 
· Given the time/frequency resource used for a SA transmission by a broadcast UE, the other time/frequency resource used by the same UE for the same SA packet is fixed and known. It facilitates detection/combining of SA packets and SA sensing. 
· The proposed design can avoid collision between transmission patterns and can use up all the allocated resources for SA transmissions. 

Proposal 3: Adopt the T-RPT set design and corresponding frequency hopping patterns for SA transmissions shown in Fig.6. 
Resource selection and collision avoidance 
The transmission pattern of a broadcast UE can be repeatedly used over multiple SA periods to facilitate SA sensing.  Before performing broadcast transmission, a D2D UE senses the SA pool to see which transmission patterns have been used for SA transmissions and their PRB locations. Then, the UE chooses an unused transmission pattern and a suitable PRB location.
However, there is a probability of collision (multiple broadcast UEs select the same transmission pattern or/and the same PRB location) when multiple broadcast UEs perform their own scheduling simultaneously in the nth SA period and then start transmitting their SAs at (n+1)th period . 

For D2D broadcast communication, there is no feedback from receivers to aid collision detection/avoidance in SA transmissions. Hence we need to introduce randomization in the time domain in a certain way to reduce collision probability. 
After SA sensing and scheduling, a broadcast UE can select a pair of complementary transmission patterns for its SA transmissions.  Over different SA periods, it randomly uses one of the transmission patterns. This operation provides a chance for collision detection and further collision avoidance. Since only the complementary pattern of a transmission pattern is used, the scheme does not adversely impact the complexity of SA sensing. 
Proposal 4: At a broadcast UE, resource selection for SA transmission is based on sensing of the SA pool. 
Proposal 5:  SA transmissions with random use of a transmission pattern and its complementary  pattern over different SA periods should be supported for collision avoidance. 

3. Conclusions

In this contribution, we discuss the detailed design of SA transmission schemes to provide reliable detection/decoding of SA packets.  Accordingly we provide a design of patterns in both time domain and frequency domain for SA transmissions. Lastly we discuss resource selection and collision avoidance for SA transmissions.  
We make the following proposals:
Proposal 1: To resolve the half-duplex constraint and randomize interference due to in-band emission, multiple sub-frames with a transmission pattern  are used for transmissions of scheduling assignments in an SA period

Proposal 2: To reduce control signalling overhead, SA retransmissions are spread over multiple SA periods 
Proposal 3: Adopt the T-RPT set design and corresponding frequency hopping patterns for SA transmissions shown in Fig.6. 
Proposal 4: At a broadcast UE, resource selection for SA transmission is based on sensing of the SA pool. 
Proposal 5:  SA transmissions with random use of a transmission pattern and its complementary  pattern over different SA periods should be supported for collision avoidance. 
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