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1. Introduction

In RAN1 #77, the following agreements and working assumptions for D2D communication resource allocation were made: 

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 this contribution, we discuss details of the T-RPT. 
2. Discussion 
Since the number of MAC PDUs and the number of transmissions between UEs can be different in a D2D resource pool, designing time and frequency resource pattern jointly seems too complicated. For simplicity, frequency resource can be fixed or hopped with a given hopping pattern as discussed in [1]. In other words, frequency resource pattern can be separated with time resource pattern for design simplicity. 

Proposal 1) Frequency resource pattern is separately signaled with time resource pattern. 

When designing time domain resource pattern (T-RPT), following issues should be taken into account: 

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 T-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 these issues, T-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 [2-3]. Before describing details, we define the following parameters:

P: # of D2D subframes in a period

Q: # of MAC PDUs transmitted in a period 

N:P/Q
M: # of transmissions for each MAC PDU

A: # of bits for the indication of # of MAC PDU

B: # of bits for the indication of # of transmissions for each MAC PDU
C: # of bits for the T-RPT pattern indication for N subframes
In RAN1 #77, it was agreed that the total number of T-RPTs is no more than 256. Thus A+B+C≤8 bits by current agreement. For example, A=2, B=2, C=4  can be used. In Mode 1 communication in network coverage, “A” can be signaled by eNB. Thus, B and C only can be signaled via SA. For Mode 2 communication in out of coverage, A,B, and C can be signaled via SA, or some parameters (A or B) except for  C can be preconfigured. 
One T-RPT can be represented by binary sequence of N bits with M weight. If the T-RPT set for N length and M weight is denoted as the set of N length binary sequences, and if all possible T-RPTs can be used, each binary sequences is indexed by using equation (1)  {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 T-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 T-RPT in the T-RPT set. However, in this case, if the number of bits for the T-RPT pattern indication for N subframes is less than the number of all possible combinations K, i.e. 2C<K, a subset selection method in the T-RPT set indexed by equation (1) should be taken into account. When selecting a subset, it is desirable that minimum hamming distance between any T-RPTs is maximized, but unfortunately optimal systematic subset selection method is not unknown for all possible combinations of N and M. Thus, we propose a heuristic method. 

For sake of explanation, let us call the T-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 C and 2C<K. From the mother RPT set, equally distance indices can be chosen to make a RPT set. For example, 

Selected indices:
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Selected T-RPT set: 
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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 C=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, C=3)
	Index (i)
	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 hamming 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 C. We showed some examples of the distance property of the proposed method in our previous contribution [4]. 
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. In our companion contribution [5], it is shown that the number of T-RPT patterns is crucial for performance. For a small number of T-RPT patterns, collision avoidance method such as energy sensing has better performance than random selection, However, when the number of supported T-RPT is small, random selection provides sufficient performance when the number of supported T-RPT is large. Therefore, if random selection is supported for Mode 2 communication, N bit T-RPT bits sequence can be permutated by ID in SA to increase the number of T-RPTs. For example, ID in SA can be used to select one among N! permutation indices. This feature can also be applied to Mode 1 communication to increase the effective number of T-RPT patterns.  
Proposal 2: The following T-RPT signaling method is supported. 
i) Construct mother T-RPT set {β0, β1,…, βK-1}, where 
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 denotes the rth RPT binary sequence with N length and 
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where the set 
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 is the extended binomial coefficient, resulting in unique label 
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ii) If 2C≥K, use Mother T-RPT set. Otherwise, following indices in Mother T-RPT set are used.

Selected indices:
[image: image22.wmf],{0,...,21}

2

C

C

K

ii

a

êú

+Î-

êú

ëû


Selected T-RPT set: 
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iii) C bits indicates one of the selected T-RPT set.

Proposal 3: For Mode 2 communication, ID in SA is used for UE-specific T-RPT pattern generation.
3. Conclusion
In this contribution, we discussed details of T-RPT. The following proposals were made:
Proposal 1: Frequency resource pattern is separately signaled with time resource pattern. 
Proposal 2: The following T-RPT signaling method is supported. 

i) Construct mother T-RPT set {β0, β1,…, βK-1}, where 
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where the set 
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ii) If 2C≥K, use Mother T-RPT set. Otherwise, following indices in Mother T-RPT set are used.

Selected indices:
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Selected T-RPT set: 
[image: image32.wmf]{

}

(

)

'''

01

01

21

21

22

2

,,...,,,...,

C

C

CC

C

KK

K

aa

a

bbbbbb

××

êúêúêú

-

×-

++

êúêúêú

+

ëûëû

êú

êú

ëû

ìü

ïï

=

íý

ïï

îþ


iii) C bits indicates one of the selected T-RPT set.

Proposal 3: ID in SA is used for UE-specific T-RPT pattern generation.
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