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1. Introduction

In the RAN1#76 meeting, Scheduling Assignment (SA) was agreed to be used to assist D2D broadcast data transmission. For D2D broadcast communication, a broadcasting UE transmits scheduling assignments to indicate at least the location of the resource(s) for reception of the associated physical channel that carries D2D data. 

In the RAN1#76bis meeting, RPT was agreed to be defined for transmission pattern in time and frequency resources [1].

Agreements:
· One or more resource patterns for transmission (RPT) of time and/or frequency resources for multiple transmission opportunities of data TBs can be defined

· RPT is either implicitly or explicitly signaled by the eNB or Rel-10 Relay for Mode1

· RPT is either implicitly or explicitly signaled in SA

In RAN1#77 meeting, the related working assumptions and agreements are shown as follows [2],
Working assumption: 

· Frequency position of data resource is explicitly signalled in SA

· Can be revisited after agreeing other content of SA if it turns out that “too many” retransmissions are required for the SA and/or design of SA and/or associated DCI is not feasible, or if data resource collision turns out to be a significant problem. 

Agreement:

· The same time resource pattern of transmission (T-RPT) is used for each MAC PDU on a per-UE basis

Working Assumption:

· FFS whether a transmitting UE uses all the transmission opportunities given by the T-RPT in the SA

· T-RPT in the SA indicates:

· Transmission interval(s) between transmission of multiple MAC PDUs

· Number of transmissions of a given MAC PDU (if more than one value is possible)

· Resources for transmission of each MAC PDU

· T-RPT has no more than 256 values

· Time indices (parameters within T-RPT) are defined only for the sub-frames included in the resource pool for Mode 2 and Mode 1 (if a resource pool is defined) and available sub-frames for TDD carriers

· FFS whether (and if so how) the frequency resource might be jointly signalled with time domain info

· FFS whether the interpretation of the bits is UE-specific or common

In RAN1#78 meetinig, it was discussed and proposed the detail of the T-RPT design [3] that can be shown as follows, 
Proposal :

· The T-RPT in SA comprises the following two parameters to indicate the resources for transmission of each MAC PDU: 

· Offset 

· Offset of the first transmission from the last subframe in the SA period

· Retransmission pattern index

· The set of patterns includes some of each of the following:

· One of the following:

· Patterns derived from Walsh/Hadamard matrices

· Combinatory patterns

· Periodic patterns 

In this contribution, for D2D communications, we provide the considerations of the T-RPT design from the advantages of both the Walsh/Hadamard matrices and combinatory patterns that are proposed during RAN1#78 meeting. Accordingly, a potential solution for T-RPT design with the above-mentioned considerations of the T-RPT design is proposed in the contribution.
2. Considerations of the T-RPT Design
The principle of the T-RPT design is that the patterns should have sufficient randomness in avoiding collision between T-RPT patterns used by different UEs. Besides, the patterns should be designed to reduce in-band emission and to alleviate half duplex constraint, where the in-band emission issue caused by near-far effect means that the transmission signal with smaller strength from a UE will be destroyed by the transmission signal with larger strength from another UE, and the half-duplex constraint is that when a UE transmits signal at a time slot, the UE could not receive signal from other UEs at the same time slot. 
Patterns derived from Walsh/Hadamard matrices is one of proposals for T-RPT design during RAN1#78 meeting. Figure 1 shows exemplary Walsh/Hadamard matrices with size 8*8, in which each row can be used as the T-RPT pattern. For a UE, the element in a row is used to indicate that the corresponding subframe time resource is for data transmission in data region if the element value is +1, and the element in the row is used to indicate that the corresponding subframe time resource is for data reception in data region if the element value is -1. Figure 2 is an illustration of Walsh/Hadamard matrices generation. From the Figure 2, we can observe that the Wd matrix with size 2d*2d can be generated by d-1 times extending with the Walsh/Hadamard matrix W1 with size 2*2, where d is a positive integer. For the Walsh/Hadamard matrix Wd, the pattern number, the pattern length, and the hamming distance are 2d, 2d, and2d-1, respectively.
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Figure 1：Exemplary Walsh/Hadamard Matrices
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Figure 2：An Illustration of Walsh/Hadamard Matrices Generation

Combinatory patterns is another one of proposals for T-RPT design during RAN1#78 meeting. Table 1 shows exemplary combinatory patterns for N=5 and M=2, where N is the pattern length and M (pattern weight or the number of transmission times) is the number of element +1. From Table 1, the number of the combinatory patterns is N!/M!/(N-M)!=5!/2!/3!=10. We can choose some patterns with good hamming distance property from all the combinatory patterns, where good hamming distance property means that the average Hamming distance between any two patterns in the chosen patterns can be optimal or sub-optimal. However, the complexity is very high when we choose some patterns with good hamming distance property from all the combinatory patterns with large N and M. Table 2 shows an illustration of the restriction for combinatory patterns with large N and M.

Table 1：Exemplary Combinatory Patterns
	index
	Patterns

	0
	-1-1-1+1+1

	1
	-1-1+1-1+1

	2
	-1-1+1+1-1

	3
	-1+1-1-1+1

	4
	-1+1-1+1-1

	5
	-1+1+1-1-1

	6
	-1+1+1-1-1

	7
	+1-1-1-1+1

	8
	+1-1+1-1-1

	9
	+1+1-1-1-1


Table 2：An Illustration of the Restriction for Combinatory Patterns
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	The number of combinatory patterns
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From the above-mentioned Walsh/Hadamard matrices and combinatory patterns, we can make a summary for the both patterns as follows,
1) For the Walsh/Hadamard matrices
It is easy to generate and extend for the Walsh/Hardamard matrices with large size. Besides, the hamming distance is larger if the size of the Walsh/Hadamard matrices is larger. However, there are several restrictions for the Walsh/Hadamard matrices, the restrictions can be expressed as follows,
        ( The pattern length is not flexible, and it limits to N=2d, where d is a positive integer.
( The pattern weight is not flexible, and it limits to N/2.
( The patterns are with fixed hamming distance, and the fixed hamming distance may not be the good hamming distance property.
( The pattern number is limited to 2d, and the pattern number may not be large enough
2) For the combinatory patterns
The pattern length and pattern weight are flexible, and the pattern number is large enough for the combinatory patterns with an adequate pattern length. Besides, some patterns with good hamming distance property can be chosen form all the combinatory patterns. However, there are several restrictions for the combinatory patterns, the restrictions can be expressed as follows,
      ( When increasing the pattern length N and pattern weight M, all the possible combinations of combinatory patterns will increase to a huge amount.

( It is hard to search patterns with good hamming distance property from the huge amount of the possible combinatory patterns with large N and M
Based on the advantages of Walsh/Hadamard matrices and the combinatory patterns, some characteristics should be considered for the T-RPT design, and the characteristics can be expressed as follows:

 1) The T-RPT patterns should be with flexible pattern length, flexible pattern weight, good hamming distance property and large pattern number. 
2) The pattern generation complexity should be low for the T-RPT patterns with large pattern length and large pattern weight. 
Therefore, the considerations of T-RPT design should include flexible pattern length, flexible pattern weight, good hamming distance property, large pattern number, and low pattern generation complexity for the T-RPT patterns with large pattern length and large pattern weight.

Proposal 1: The considerations of T-RPT design should include flexible pattern length, flexible pattern weight, good hamming distance property, large pattern number, and low pattern generation complexity for the T-RPT patterns with large pattern length and large pattern weight.
3. A Potential Solution for T-RPT Design
Following the considerations of T-RPT design in the proposals 1, the proposed Walsh/Hadamard matrix based extending with combinatory basis set is a potential solution for T-RPT design. In the following, we will introduce how to construct T-RPT pattern by using Walsh/Hadamard matrix based extending with combinatory basis set. 
For generating T-RPT patterns with pattern length N and pattern weight M, we first construct combinatory basis sets with pattern length Nbasis and pattern weight Mbasis, then we extend the combinatory pattern sets to length N patterns by using Walsh/Hadamard matrix. First, setting the parameters N basis and M basis based on N[image: image10.png]
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 power of 2. Hence, the Nbasis and Mbasis are flexible parameters. Based on the two parameters Nbasis and Mbasis , we generate (Nbasis, Mbasis) binary codes [4] with length Nbasis and Mbasis 1’s , then we list all possible binary codes and the number of possible binary codes is [image: image16.wmf]!
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  which is much smaller than the number of possible combinatory patterns from (N, M) binary codes because Nbasis<N and Mbasis<M. And then, we can construct combinatory basis sets from selecting the possible (Nbasis, Mbasis) binary codes which are with good hamming distance property. The combinatory basis sets 
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 are Nbasis by Nbasis matrices which are shown as follows,
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are the patterns with length Nbasis and there are Nbasis patterns in each of combinatory basis set 
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, each of the combinatory basis set can be constructed with the good  hamming distance property. 
Finally, we extend the combinatory basis set 
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 to length N of T-RPT by Walsh/Hadamard matrix, For an example with T-RPT length N=2* Nbasis, then T-RPT can be generated by 2*2 Walsh/Hadamard matrix extending with the combinatory basis sets, that can be expressed as follows, 
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where each of 
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consists of N T-RPT patterns with pattern length N and pattern weight M.
According to the previous discussion, T-RPT patterns can be generated by constructing the combinatory basis sets using short pattern length Nbasis and small pattern weight Mbasis binary codes and extending the combinatory basis sets to the T-PRT pattern with pattern length N by Walsh/Hadamard matrix. Based on the construction of combinatory basis sets, T-RPT patterns will have good hamming distance property with low pattern generation complexity and large pattern number when the parameter Nbasis is selected adequately. Besides, because Nbasis and Mbasis are flexible parameters, the generated T-RPT patterns will have flexible pattern length and flexible pattern weight. Therefore, based on the considerations of T-RPT design in proposal 1, the proposed Walsh/Hadamard matrix based extending with combinatory basis set is a potential solution for T-RPT design.
Proposal 2: Based on the considerations of T-RPT design in Proposal 1, the proposed Walsh/Hadamard matrix based extending with combinatory basis set is a potential solution for T-RPT design.
4. Conclusions

This paper mainly focuses on the T-RPT design for data.  We have proposals as follows:
Proposal 1: The considerations of T-RPT design should include flexible pattern length, flexible pattern weight, good hamming distance property, large pattern number, and low pattern generation complexity for the T-RPT patterns with large pattern length and large pattern weight.
Proposal 2: Based on the considerations of T-RPT design in Proposal 1, the proposed Walsh/Hadamard matrix based extending with combinatory basis set is a potential solution for T-RPT design.
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