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1. Introduction

In RAN1 #76, the following working assumptions for resource allocation were made: 

Working Assumption:

· 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 #76bis, the following agreements and working assumptions for SA and RPT were made:
Agreement

· The SA includes an ID of N bits (N<=16, working assumption N=8) with at least the following purpose:

· to enable the UE to reduce the probability of decoding of data packets the UE is not interested in

· FFS what the ID is derived from

· Not precluding scrambling SA CRC 

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

· If multiple transmission opportunities of the same SA are supported

· FFS whether one or more RPT are defined for (re)-transmissions of SAs

In this contribution, we discuss how to signal the RPT in the SA and detailed design of RPT.   

2. Signaling for resource allocation
2.1. Frequency resource allocation 

If explicit frequency resource allocation information is carried by SA, about 10 bits for 10MHz bandwidth are required to indicate frequency resource allocation for a D2D communication packet. To reduce the bit size for resource allocation conveyed by SA, implicit frequency resource indication is desirable. In other words, the frequency location of the resources for the SA indicates the frequency location of the D2D communication packet. Therefore, time resource is only indicated by SA. In the following, several implicit frequency resource indication methods are introduced. 
For explanation, it is assumed that a D2D communication packet occupies “a” RBs in frequency domain, SA occupies “b” RBs in frequency domain. “x” denotes the starting RB of SA. It is also assumed that 
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Alt. 1: Align the starting RB of SA with that of D2D communication packet. If a SA is transmitted in x, x+1, …, x+b-1 RBs, receiver UEs can assume that the D2D communication packet indicated by the SA is transmitted in x,x+1,…,x+a-1 RBs.  
Alt. 2: Align the end RB of SA with that of D2D communication packet. If a SA is transmitted in x, x+1,…, x+b-1 RBs, receiver UEs can assume that the D2D communication packet indicated by the SA is transmitted in x+b-1-a-1, x+b-1-a,…, x+b-1.
Alt. 3: Align the center RB of SA with that of D2D communication packet. If a SA is transmitted in x, x+1,…, x+b-1 RBs, receiver UEs can assume that the D2D communication packet indicated by the SA is transmitted in  x-
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Note that the frequency location of D2D communication packet indicated by the location of SA is virtual RBs. If frequency hopping is configured, the physical frequency location of D2D communication packet can be hopped by a predetermined hopping pattern. To reduce specification impact, reusing current PUSCH hopping is preferred. To configure frequency hopping, some parameters such as frequency hopping flag and NUL_hop need to be carried by SA. However, if frequency hopping is disable, that fields may not be transmitted or set zero for virtual CRC.  
Proposal 1: Implicit frequency resource indication means that the frequency location of the resources for the SA indicates the frequency location of the D2D communication packet is supported.
Proposal 2: Current PUSCH hopping method for D2D communication packet transmission is reused. Some parameters such as hopping flag and NUL_hop need to be signaled via the SA.
2.2. Time resource allocation
2.2.1. RPT design for D2D communication
In this subsection, we discuss RPT design method. Following issues should be taken into account to design RPT for D2D communication:

1) Half duplex constraint: If there are two transmitter UEs and the two transmitter (Tx) UEs transmits D2D signal simultaneously within a certain period, each Tx UE cannot decode the other Tx’s D2D signal. Therefore, it is desirable that RPTs between different transmitter (Tx) UEs are different as much as possible because a Tx UE listens to other Tx UE’s packet reliably. This problem is so-called “half duplex constraint” that means simultaneously transmitted signal cannot be decoded. 

2) In-band emission interference: If there are two UEs that are far from each other and the two UEs transmits its packets same time resources, a UE nearby an UE among two UEs cannot decode the other UE’s packet because of the in-band emission interference of the nearby UE. 

To resolve this  problems, RPTs between different UEs should be different as much as possible. In other words, the number of simultaneous transmission opportunities between different UEs should be minimized. This problem can be formulated as a problem for maximization of minimum hamming distance between binary sequences with constant weight as studied coding theory in [1-2]. A RPT can be represented by binary sequence of N bits with M weight, where the number of candidate SFs for D2D communication packet transmission is denoted by “N” and the number of transmission opportunities are denoted by “M” . Let the RPT set for N length and M weight be denoted as {β0, β1,…, βK-1}, where 
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 denotes the rth RPT binary sequence with N length and 
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. To reduce signaling overhead, the RPT set can be indexed by following equation, 
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where the set 
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 contains sorted indices for 1’s positions in 
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 is the extended binomial coefficient, resulting in unique label 
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Note that this indexing method is already widely used in LTE spec for example, best-M CQI feedback and EPDCCH resource indication, and etc. For example, N=5 and M=3, the RPT set is indexed as follows, 
Table 1 An example of RPT set (N=5, M=3)
	Index
	Bit sequence

	0
	00111

	1
	01011

	2
	01101

	3
	01110

	4
	10011

	5
	10101

	6
	10110

	7
	11001

	8
	11010

	9
	11100
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 bits in SA is required to indicate a RPT in the RPT set. However, if the number of RPT indication bits in SA is less than K, subset selection method in the RPT set indexed by equation (1) should be taken into account. When selecting a subset, it is desirable that minimum hamming distance between any RPTs is maximized, but unfortunately optimal systematic subset selection method is not unknown for all possible combinations of N and M. Thus, we introduce several heuristic methods. 
Alt 1) Equidistance subset selection method in mother RPT set: For sake of explanation, let us call the RPT set indexed by (1) as “mother  RPT set” for N length and M weight. We assume that the number of bits to indicate RPT in SA is B and 2B<K. From the mother RPT set, equally distance indices can be chosen to make a RPT set. For example, 
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where 
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 is an offset to construct a subset from the mother RPT set. Let us recall the above example for N=5 and M=3. If B=3 and 
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, then the selected RPT subset is shown in Table 2. 

Table 2 An example of RPT set (N=5, M=3, B=3)
	Index
	Bit sequence

	0
	00111

	1
	01011

	2
	01101

	3
	01110

	4
	10101

	5
	10110

	6
	11001

	7
	11010


Note that this method may not guarantee the maximization of minimum distance, but this is simple and has relatively good distance property compared with random subset selection method. Also this method has full flexibility to construct RPT subset for any N,M and B. Figure 1 shows the histogram of hamming distance for N=20, M=4, and B=4. About 88%, hamming distance is greater than 6. This means that each Tx UE misses only one transmission of the other Tx UEs for 4 transmissions with about 88% probability. Figure 2 shows the histogram of hamming distance for N=20, M=4, and B=8. About 85%, hamming distance is greater than 6. 
The selection offset 
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 can be configured to make multiple RPT sets. For example, different UE group wants to use different RPT set, then 
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 can be derived from an ID in SA or ID(s) to represent the group such as group ID, cell ID, synchronization source ID. 
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Figure 1. Histogram of hamming distance for N=20, M=4, B=4.
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Figure 2. Histogram of hamming distance for N=20, M=4, B=8.

Alt 2) Hadamard code based generation method: The Hadamard code is an example of a linear code over a binary alphabet that maps messages of length k to codewords of length N=2k. It is unique in that each non-zero codeword has a Hamming weight of exactly N/2, which implies that the distance of the code is also N/2. Two Hadamard construction methods are known; Sylvester method and Paley method. Sylvester method is the simplest construction of Hadamard matrices from small size of Hadamard matrix using Kronecker product. For example, 
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Sylvester method can make only Hadamard matrices of length 2m (e.g. 2,4,8,16,…). In addition, Paley Hadamard construction can generate orthogonal Hadamard matrices of length 4m (e.g. 4. 8, 12, 16, 20, …). It is known that for N ≤ 128, the Hadamard codes have been proven optimal in the sense of minimum distance. Therefore, Hadamard code can be a good candidate for RPT design in sense of maximization of minimum distance. However, Hadamard matrix has some limitations: 1) limited length (e.g. N=4m), 2) fixed weight (M=N/2),  3) limited number of RPTs in a Hadamard matrix. 

To generate RPT sets using Hadamard matrices, following modification can be considered:
1) Remove the some row (and/or column): In Hadamard matrices, the first row (and/or) is all-one sequence, thus the first row (and/or column) can be removed. Also to generate small size RPT set for Hadamard matrix with large size, for example, N=40 but to select only 16 RPTs, some rows can be removed. In Hadamard matrix, the hamming distance between any two rows is the same as N/2, so any rows can be removed. 
2) Various weight generation: To generate RPT set with smaller weight than N/2, some “1”s should be eliminated. The position of eliminated “1”s can be predetermined. For example, to generate N/2-1 weight RPT, the xth “1” of each RPT in N size Hadamard matrix can be changed to 0, where x can be a predetermined value. 
3) Various length generation: To generate different length, repetition or elimination of columns in the original Hadamard matrices may be needed.  
4) Others: Several operations on Hadamard matrices preserve the Hadamard property; a) Permutation of columns b) Complement c) Transposition. These operations can help to make multiple RPT sets for different UE group or make larger size of RPT set. Similarly in Alt.1 choosing the offset value, permutation index can be derived from an ID in SA or ID(s) to represent the group such as group ID, cell ID, synchronization source ID. 
Note that the Hadamard code based RPT set generation method is less flexible than alternative 1. However, the distance property is the optimal or near optimal for some cases. Hadamard code based RPT set construction is good for around M=N/2. For example, to generate a RPT set for N=20, M=8, two “1”s can be eliminated from Hadamard matrix of N=20. Figure 3 shows histogram of hamming distance for original Hadamard matrix of N=20 and Hadamard matrix with two “1”s elimination (M=8). In this evaluation, the first 1 and the fifth 1 were removed. We observe that after some “1”s elimination, distance property is still good. 
Observation 1: It is desirable to maximize the minimum distance between RPTs in a RPT set. 

Observation 2: Alt. 1 has flexibility to construct RPT subset for any N,M and B and relatively good distance property. 
Observation 3: Alt.2 has the optimal or near optimal distance property for some cases, but some modifications may be needed for flexibly use.
Proposal 3: Alt 1 or Alt 2 can be further studied for RPT set construction. 
When a RPT set for a UE group is constructed, the RPT set can be randomized (if needed) for interference randomization between UE groups. The column-wise permutation of the constructed RPT set per each SA period can depend on UE-cluster ID such as cell ID and synchronization source ID. 
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Figure 3. Histogram of hamming distance for original Hadamard matrix (N=20, M=10) and Hadamard matrix with two “1”s elimination (N=20, M=8). 

2.2.2. RPT signaling
As discussed in [3], explicit RPT signaling can be beneficial in terms of interference coordination and controllability. When constructing a RPT set as described in section 2.2.1, the ID in SA can be used to make RPT set and randomization can be also used.
Based on the above discussion, RPT signaling procedure is summarized as follows,

RPT signaling procedure

Step 1) RPT set construction: an ID in SA can be used to construct a RPT set. For RPT randomization, cell ID or synchronization source ID can be used for randomization of the RPT set.  
Step 2) RPT indication using explicit RPT bit field in the RPT set: The explicit RPT bits indicate a RPT in the RPT set. 
For mode 1, a part of ID in SA can be derived from D2D-RNTI, and explicit RPT bit field can be indicated by eNB. For mode 2, a part of ID in SA is derived from ProSe ID signaled via higher layer. The explicit RPT bit field can be chosen by Tx UE. 

Proposal 4: The following RPT signaling procedure is supported:
Step 1) RPT set construction: an ID in SA can be used to construct a RPT set. For RPT randomization, cell ID or synchronization source ID can be used for randomization of the RPT set.  

Step 2) RPT indication using explicit RPT bit field in the RPT set: The explicit RPT bits indicate a RPT in the RPT set. 

3. Conclusion
In this contribution, we discussed signaling for D2D communication resource allocation. Based on the discussion presented, we summarize our views through the following proposals and observations:
Proposal 1: Implicit frequency resource indication means that the frequency location of the resources for the SA indicates the frequency location of the D2D communication packet is supported.
Proposal 2: Current PUSCH hopping method for D2D communication packet transmission is reused. Some parameters such as hopping flag and NUL_hop need to be signaled via the SA.
Observation 1: It is desirable to maximize the minimum distance between RPTs in a RPT set. 

Observation 2: Alt. 1 has flexibility to construct RPT subset for any N,M and B and relatively good distance property. 
Observation 3: Alt.2 has the optimal or near optimal distance property for some cases, but some modifications may be needed for flexibly use.
Proposal 3: Alt 1 or Alt 2 can be further studied for RPT set construction. 
Proposal 4: The following RPT signaling procedure is supported:
Step 1) RPT set construction: an ID in SA can be used to construct a RPT set. For RPT randomization, cell ID or synchronization source ID can be used for randomization of the RPT set.  

Step 2) RPT indication using explicit RPT bit field in the RPT set: The explicit RPT bits indicate a RPT in the RPT set. 
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