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1. Introduction
Terminology of resource patterns for transmission (RPT) is defined in RAN1#76bis [1]. It is primarily used to realize time domain randomization to reduce effect of in-band emission and half-duplex constraint as illustrated in Figure 1. UE1 and UE2 are FDM multiplexed to transmit D2D signal. Each packet is repeatedly transmitted in four subframes within a transmission window. The transmission subframes of UE1 and UE2 are not completely overlapped. In subframe #1 and #4, UE2 keeps silent and receivers could decode packet of UE1 without in-band emission from UE2. In subframe #0 and #5, UE1 does not send anything and receivers are able to decode packet of UE2 without in-band emission from UE1. It is worth noting that transmission in collision subframes may also be helpful in decoding for receivers that with similar distance two both UE1 and UE2. 
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Figure 1: Illustration of RPT

In this contribution, details of RPT design in time domain are discussed including subchannel-specific RPT design, time span of RPT, variable duty cycle design and retransmission pattern design.  More discussion about RPT design in frequency domain can be found in the companion contribution [2].
2. Discussion
2.1. RPT design
The RPT for transmission could either be blindly detected at the receiver or indicated to receiver in SA. For blind detection, the receiver at each subframe tries to decode data packet or detect the presence of DMRS by sequence matching. Decoding data packet blindly incurs considerable complexity for receiver even if there is no data transmitted in most subframes. If blind HARQ retransmission is supported to ensure coverage, it is impossible for the receiver to decide which subframes shall be combined before the packet is successfully decoded. 
By detecting the presence of DMRS, the complexity is lowered compared with data packet decoding, however, unnecessary computation is still carried out. Furthermore, misdetection of DMRS in one subframe may cause a series of errors for blind HARQ retransmission. This is illustrated in Figure 2. One TB is transmitted in four transmission opportunities. If DMRS of each subframe is detected correctly, the receiver then could make correct combining of data for the same TB. However, if DMRS of one subframe is misdetected, the receiver will erroneously combine data from the next TB with the current TB, resulting decoding error for all the following TBs.
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Figure 2: Erroneously combined data of blind HARQ retransmission
If the RPT is signaled to receiver, the receiver could simply skip those blank subframes avoiding unnecessary operations. As the subframes for transmission is exactly known at receiver, data for one TB could always be correctly combined without any ambiguity. 
Proposal 1: RPT shall be designed for both mode1 and mode2 and RPT shall be known at receiver.
2.2. Subchannel-specific RPT design

To have sufficient randomness in avoiding collision between RPT used by different UEs, the size of RPT set should be large enough especially for mode 2 resource allocation where RPT is selected by UE individually. The used RPT shall be indicated in SA to ease reception at receiver as proposed in previous section. If the RPT set is too large, the increased payload of SA may degrade the detection performance of SA. 
Keeping in mind the fact that RPT is designed to reduce in-band emission, so long as the RPT is different on different subchannel, the in-band emission could be reduced. Considering an example in Figure 3, two RPTs are designed for each subchannel and RPT set for each subchannel are different. By this design, RPT selected on each subchannel is always different no matter it is centralized or distributed allocated. Furthermore only a small set of RPT on each subchannel is needed, and the payload requirement in SA is greatly reduced. For the design that a large set applies to all subchannel there is still a chance that RPT on different subchannel is completely overlap and suffering from in-band emission. 
Proposal 2: Design subchannel-specific RPT set for each subchannel.
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Figure 3: Example of RPT design for different subchannel

2.3. Time span of RPT

As the RPT could only be indicated explicitly or implicitly to the receiver in SA, the RPT should be able to span a whole SA period. There could be two possible options to construct the RPT.
· Option 1: Design RPT for a fixed length of transmission window, e.g., 8ms. 
RPT is repeated between two consecutive SA. Design of such RPT is feasible from standardization point of view. As the RPT is repeated, the interference condition is also repeated between two consecutive SA. That is, if two UE interfered strongly within one transmission window, they will continue to interfere strongly until a new RPT is applied.
An example of RPT could be constructed form Hadamard matrix. A Hadamard matrix has the form of 
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For the transmission window length of 8 ms, the Hadamard matrix is constructed as
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Each column (row) of the matrix can be used as an RPT except the first column with all ‘1’. In each column, each element corresponds to a subframe, and if it is ‘1’ then the corresponding subframe is used for transmission. 
· Option 2: Design RPT for variable length of transmission window. 
It is infeasible to define such type of RPT explicitly in standardization. A potential method is to introduce pseudo-random sequence to describe the RPT. For example, by a pseudo-random sequence, a subframe belongs to the RPT so long as the corresponding bit in the sequence is ‘1’. The RPT is parameterized by the initial value of the sequence. 
In order to define subchannel-specific RPT set, different set of initial value shall be used. Alternatively, subchannel index can be used as an input parameter when calculating the initial value. Moreover, as a certain UE ID will anyway be included in the SA, it can also be used to derive initial value of the pseudo-random sequence to further avoid RPT collision. For example, the initial value, e.g., could be calculated as 
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                                                               (1)
where NID is the UE ID carried by the SA, m is the subchannel index and M is the number of subchannels. If only broadcast communication is considered, the target ID is the same for different transmission. In this case, an additional RPT ID shall be included in the SA to avoid RPT collision and the initial value can, e.g., be calculated as
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Interference is randomized over the entire time interval between two SA. This option can randomize RPT according to the subchannel index while informing receiving UE easily with lower overhead in SA. For example, if two RPT IDs are defined, there could be two RPTs per subchannel, similar to that in Figure 3.
2.4. Variable duty cycle design

The ratio between the number of ‘ON’ subframes and total number of subframes is defined as duty cycle. The higher the duty cycle, the more subframes are used for data transmission and higher spectrum efficiency is achieved. However, the higher in-band emission may deteriorate the transmission. 
Appropriate value of duty cycle depends on various conditions. If a huge number of users are supported to transmit at the same time, the duty cycle should be set to a low value to better reduce in-band emission. However, if the number of users is small, the duty cycle should be set to a high value to efficiently use the resource.
For mode 2 resource allocation, the duty cycle shall be set to a preconfigured value. For mode 1, however, it is promising to adjust the duty cycle of data transmission as eNodeB has knowledge of traffic load on the resource.
For fixed length RPT, in order to adopt variable duty cycle, patterns for different duty cycle should be designed. For variable length RPT, however, duty cycle could be simply adjusted by a parameter. For example, the pseudo-random sequence can be transferred into a multiple-value sequence and each value of the sequence corresponds to a subframe. The value of the sequence can then be calculated and compared with the parameter, if it is smaller than the parameter, and then the subframe is considered to be added into the RPT. The parameter could be signaled in SA for receiver to correctly interpret the RPT. For transmitter, the parameter could be configured by eNodeB or select individually. Other solutions are not precluded.
Proposal 3: Duty cycle of RPT shall be able to be adjusted for at least mode 1 resource allocation.

2.5. Retransmission pattern

For blind retransmission, a TB can be transmitted on consecutive transmission opportunities. An indication is needed from transmitter to receiver to indicate when a new TB is started. A straightforward way is to fix the number of retransmissions of a TB. The receiver could know when a new TB is started by counting the transmission opportunities.  An example can be found in Figure 4. Four retransmissions (including the first transmission) are assumed and a TB is transmitted on four consecutive transmission opportunities.
To give the transmitter the flexibility of varying the number of retransmission, the number could be carried in SA. This is beneficial when transmitter want to adjust the range of communication. 
For further flexibility, the indication can be modulated onto the DMRS of data transmission. A new TB could be started at any time and number of retransmission could then be totally flexible. However, modulating information onto DMRS may degrade channel estimation of DMRS. Furthermore, as there is no feedback from receive to transmitter; it seems not necessary to remain such flexibility.
Proposal 4: If it is necessary for a transmitter to adjust the number of retransmissions, the number is carried in SA.
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Figure 4: Retransmission pattern
3. Conclusion 

In this contribution, details of RPT design are discussed, and the following proposals are given:

Proposal 1: RPT shall be designed for both mode1 and mode2 and RPT shall be known at receiver.

Proposal 2: Design subchannel-specific RPT set for each subchannel.
Proposal 3: Duty cycle of RPT shall be able to be adjusted for at least mode 1 resource allocation.

Proposal 4: If it is necessary for a transmitter to adjust the number of retransmissions, the number is carried in SA.
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