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1 Introduction
The design of T-RPT patterns for D2D data communication was extensively discussed at the RAN1#78 meeting and follow up RAN1 e-mail discussions [4]. The major RAN1 agreements were summarized in [1], [2], and as a summary of the e-mail discussion [4].

Agreement:
· The T-RPT index range comprises no more than 128 values
· Each value maps to a T-RPT pattern
· The T-RPT pattern is derived from a length-N bitmap
· 1 indicates D2D transmission
· 0 indicates no D2D transmission
· Proposed working assumption: N = 8 and the number of ‘1’s in the bitmaps, k has the values {1, 2, 4, 8}
· The length-N bitmap is mapped to the available D2D data subframes within a data scheduling period 
· For Mode 1 the mapping corresponds to contiguous UL subframes
· For Mode 2
· the mapping corresponds to the ‘1’s indicated by the Mode 2 data resource pool 
· patterns with k = N are not supported
· Starting from the beginning of the T-RPT pattern, the first four 1’s correspond to the first MAC PDU, the next four 1’s correspond to the next MAC PDU, etc.
· Note that the 1’s do not have to be contiguous
· FFS whether the number of MAC-PDU transmissions or bitmap repetitions are indicated 
· It is an error case when the last MAC PDU does not include 4 transmissions
Agreement:

· The following working assumptions on T-RPT are confirmed:

· T-RPT in the SA indicates: 

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

· Resources for transmission of each MAC PDU
Agreement:
· 1) Approve R1-143649 with: 
· For Configuration 5, subframeBitmap length = 4, N=8, when # of repetition = 1, first 4 bits in the T-RPT is applied with the consideration of item 4. Note that discussion results of item 4 will not change subframeBitmap length of TDD configuration 5.

· 2) N = 8 for TDD configuration 1, 2, 4, 5 with k = {1, 2, 4, N} for mode 1 and k = {1, 2, 4} for mode 2

· 3) N = 7 for TDD configuration 0 and N = 6 for TDD configuration 3 and 6 with a set of k at least include {1, 2, 4, N} for mode 1 and {1, 2, 4} for mode 2. FFS any additional values for k.

· 4) FFS: whether having explicit statement or depending on implementation to avoid the selection of T-RPT not to fulfill VoIP requirements for both FDD and TDD (including above)

FFS:
· Additional values in set of k for configuration 0, 3 and 6 – relative to item 4, e.g. for N=7

· Option 1. k = {1, 2, 4, N} for mode 1 (64 patterns) and k = {1, 2, 4}, for mode 2 (63 patterns) – the same as FDD and other TDD configurations.

· Option 2. k = {1, 2, 3, 4, 5, 6, N} for mode 1 (127 patterns) and k = {1, 2, 3, 4, 5, 6} for mode 2 (126 patterns)

· Further discuss signaling of T-RPT relative parameter in partial coverage case at next meeting
· Whether T-RPT corresponds to TDD configurations for out of coverage UE on TDD carrier.

· Possibly need a LS to RAN4 if all subframes can be supported for D2D

In this contribution, we discuss remaining details of T-RPT design for D2D data communication.
2 On T-RPT Design in Mode-1 and Mode-2 D2D Communication
As per agreement, the T-RPT is constructed and signaled in a common way for both Mode-1 and Mode-2. There are 7 bits to signal T-RPT and therefore 128 different patterns may be used.
In Mode-1, it is essential that eNB can select appropriate T-RPT for scheduling according to available spectrum resources and system operation timeline (synchronization, HARQ, DRX, measurement gaps etc.). Moreover, an eNB should be able to assign orthogonal T-RPTs to the UEs interested in each other’s transmissions.

In Mode-2, both in-coverage and out-of-coverage, the T-RPT set should allow sufficient number of subframes to satisfy link budget and latency requirements as well as enable low collision probability and interference randomization. Although, the number of different patterns according to the agreement is rather large, additional randomization may be needed for Mode-2 operation. Such techniques are discussed in section 4.
Both, Mode-1 and Mode-2 design goals may be realized following the agreements already made by RAN1 varying the parameters of T-RPT construction and selection.
Observation 1
· Mode-1 and Mode-2 T-RPT patterns use the same construction procedure.
· For Mode-2, interference randomization in time may be constrained by 8 bitmap size for T-RPT generation.

· Additional mechanisms of randomization in time may be needed to improve performance.
The bitmap length is selected to minimize impact on cellular HARQ operation and is not optimized for D2D itself. In Mode-2 out-of-coverage scenario, there are no cellular links, therefore current working assumption on bitmap length may be too restrictive. However, the extension of the T-RPT subframe bitmap length, may not be desirable due to overhead reasons, the reduction of the bitmap length is not desirable due increased probability of collisions in time. On the other hand an additional randomization may be desirable and can be achieved within current agreements (see section 4).

Proposal 1
· Confirm current working assumption about the T-RPT bitmap lengths.
· Discuss techniques to provide additional T-RPT randomization in time within current agreements.
3 Mode-1 T-RPT Design

For Mode-1, the T-RPT design goal is to enable eNB scheduling flexibility to optimize system performance in different scenarios. Current agreements allow eNB to select one of 107 (or less for some TDD frame configurations) patterns for UE transmission. There are patterns with different subframe density per bitmap length, so eNB can control the data rate and resource usage by selecting a T-RPT with appropriate number of ‘1’s.
In Mode-1 there is no dedicated data resource pool, i.e. all UL subframes can be used. In this case, it is essential to ensure co-existence with HARQ timeline. The T-RPT bitmap size is already selected in a way to minimize issues with HARQ timelines. The HARQ friendly operation can be also considered for T-RPT selection (see details in next sections for FDD and TDD modes).
In the following subsections, we discuss the remaining details of T-RPT design for FDD and TDD in Mode-1.

3.1 T-RPT for FDD

For FDD, T-RPTs of transmission are generated using bitmap of size 8 spanned over the data resource pool. In total there are 107 patterns and 7 bits available for signaling and therefore no T-RPT down-selection is needed. The T-RPT re-indexing may be realized as shown in the Table 3, where LSB may correspond to the first subframe in T-RPT and MSB to the last one or vice versa.
Proposal 2
· Define mapping between T-RPT index and T-RPT bitmap as proposed in Appendix A of this document.
3.2 T-RPT for TDD

For UL-DL configurations #1, 2, 4 and 5 the same table of T-RPTs as for FDD (see Table 3) is used. For the UL-DL configuration #0 which is the most UL-favored, the table with N = 7 is generated (see Table 4) and for configurations 3 and 6 the N = 6 is used (see Table 5).
The maid TDD issue is with VoIP link budget performance. The D2D operation in TDD mode may be restricted by small number of UL spectrum resources. The amount of D2D subframes will further decrease if D2D T-RPTs are applied. It may significantly reduce the link budget for real time traffic.
In our previous studies, it was shown that at least 4 TTIs are needed per VoIP MAC PDU (328 bits) to reach the target -130 dB MCL. Below we estimate the optimal value of k that needs to be used in order to satisfy link budget target for VoIP. We assume that all UL subframes can be used for D2D. The value of k determines how many subframes (on average) can be utilized per VoIP packet arrival period (20ms). Assuming that 4 TTIs are needed per VoIP packet we conclude that for UL-DL configuration #0 and 6, the more appropriate value of k can be set to 3.
For the UL-DL configuration #5 (see Table 1) there is only one UL subframe per frame and thus it has only 2 subframes available for a non-concatenated VoIP MAC PDU transmission per 20ms interval. Moreover, in configurations #2 and #4 the target link budget may be reached only utilizing all UL subframes.
Table 1. Values of k to fulfil VoIP link budget requirements in TDD Mode-1.
	TDD UL-DL Configuration #
	Optimal k
	Nearest available k
	Number of available T-RPTs

	0 (6 UL; N = 7; k = 1, 2, 4, 7)
	2.33
	4
	36

	1 (4 UL; N = 8; k = 1, 2, 4, 8)
	4
	4
	71

	2 (2 UL; N = 8; k = 1, 2, 4, 8)
	8
	8
	1

	3 (3 UL; N = 6; k = 1, 2, 4, 6)
	4
	4
	16

	4 (2 UL; N = 8; k = 1, 2, 4, 8)
	8
	8
	1

	5 (1 UL; N = 8{first 4 bits}; k = 1, 2, 4, 8)
	16
	-
	0

	6 (5 UL; N = 6; k = 1, 2, 4, 6)
	2.4
	4
	16


Observation 2
· Some TDD configurations may not fulfil link budget requirements for VoIP traffic.
· The concatenation of MAC PDUs can be used to enable D2D VoIP operation in TDD UL-DL configurations with small number of UL subframes at the expense of the reduced link budget.
Proposal 3
· Agree on relaxed link budget requirement for D2D operation in TDD configurations #5.
· Introduction of additional k values for UL-DL configurations #0, 3, 6 may be considered.
4 Mode-2 T-RPT Design

The T-RPT design for Mode-2 is the same as for Mode-1 except that the maximum number of ones in the bitmap is prohibited for Mode-2. Therefore, the T-RPT pattern set is reused from Mode-1 (Table 3, Table 4 and Table 5) excluding the last defined T-RPT index.

The current RAN1 agreement states, that for Mode-2 the T-RPT is selected randomly from a “relevant T-RPTs” with equal probability. The main open question is how the “relevant set” is determined. There are several options to construct the “relevant set”:
Option 1: Consider the whole set of T-RPTs. In this option, for some cases of sparse D2D resource pool (configured by eNB or limited by DL-favored TDD configuration) there is a probability to select a T-RPT which may provide smaller TX data rate than needed.
Option 2: Select a subset corresponding to a single value k which for example fulfils VoIP latency/link budget requirements for the given resource pool configuration. This may guarantee sufficient number of TTIs to transmit bits from the TX buffer. However, this may cause larger collision probability since the single k subset may have small number of different T-RPTs. For example, if UE selects k = 1 there are only 8 different patterns for selection. 
Option 3: Select a subset corresponding to all values of k which fulfil VoIP latency/link budget requirements. This may solve the issue with latency/link budget requirement having less probability of collision than option 2.
Observation 3
· The definition of “relevant T-RPTs” for random selection needs to be clarified including its configuration details.
· There may be issues with latency, link budget and collisions if the “relevant” set of T-RPTs is represented by the whole available set of T-RPTs.
If options 2 or 3 of the relevant set construction are supported, then additional randomization may be needed, since the number of T-RPTs is reduced. The randomization may be realized in different ways. The randomly selected T-RPT index corresponds only to the first transmission or as an input parameter for randomization function:
· Cyclic Shift. The randomly selected pattern is cyclically shifted across repetitions inside the scheduling cycle. Additional randomization can be used if SA-ID value is used to randomize cyclic shift value.
· Pseudo-random index change. The T-RPT pattern index changes every N subframes according to the pseudo-random rule generated using PRBS initialized by SA-ID and selected T-RPT index.
All randomization in time methods can be restricted by some extension factor. The extension factor defines the number of consecutive T-RPT repetitions where bitmap is changed. For example, when T-RPT is repeated 6 times and the extension factor is 2 then the first and the second repetition are constructed by randomization and the remaining 4 repetitions are 2 copies of the first two (see Figure 1). Whether randomization can provide additional performance benefits is analyzed in the next section.
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Figure 1. Example of bitmap extension with the factor of 2 and pseudo-random bitmap cyclic shift.
If Mode-2 is deployed in TDD, there are even more severe link budget issues than for Mode-1. Looking to the Table 2, it can be seen that 3 configurations may not reach the target link budget requirement. The issue cannot be avoided even allowing the k = N because in this case all cellular UL subframes will overlap with Mode-2 resources thus leading to non-controllable interference environment.
Table 2. Values of k to fulfil VoIP link budget requirements in TDD Mode-2 (assuming subframeBitmap is all ones).

	TDD UL-DL Configuration #
	Optimal k
	Nearest available k
	Number of available T-RPTs

	0
	2.33
	4
	35

	1
	4
	4
	70

	2
	8
	-
	0

	3
	4
	4
	15

	4
	8
	-
	0

	5
	16
	-
	0

	6
	2.4
	4
	15


Observation 4
· Mode-2 VoIP performance in different TDD configurations (#2, 4 and 5) may not satisfy the VoIP link budget targets.
5 T-RPT Set Restriction

For Mode-2, an eNB may decide to limit the possible set of T-RPTs. This may be needed to, for example, reduce interference dynamics, enable only orthogonal set of T-RPTs and potentially simplify direct link adaptation in future releases. In other scenarios, the T-RPT set may be adjusted jointly with the Mode-2 resource pool allocation configured by subframeBitmap in order to avoid inter-mode interference, optimize co-existence with cellular HARQ or control the balance between cellular and D2D operation. In this case, additional T-RPT restriction bitmap may be introduced in RRC signaling to indicate which T-RPT indexes are allowed for UE selection for Mode-1 and/or Mode-2.
Proposal 4
· A T-RPT restriction bitmap is introduced to control the set of T-RPTs used for D2D communication.
6 Simulation Results
In this section, the performance of agreed T-RPTs in the out of coverage scenario is checked. The set, constructed using N = 8 and k = [2, 4] is used. The case of k = 1 is not taken into account since it does not provide sufficient number of subframes for VoIP target link budget and the k = 8 case is prohibited for Mode-2. For simulation assumptions please refer to the Appendix section.
Three general options are analyzed:

1) The “relevant” T-RPT set is determined by k = [2, 4]. The selected T-RPT bitmap is extended with factors 1 (no extension), 2 and 3 as described in section 4.

2) The “relevant” T-RPT set is determined by k = 2. The selected T-RPT bitmap is extended with factors 1 (no extension), 2 and 3 as described in section 4.

3) The “relevant” T-RPT set is determined by k = 4. The selected T-RPT bitmap is extended with factors 1 (no extension), 2 and 3 as described in section 4.
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	Figure 2. CDF of PER per VoIP broadcast link for different sets of k and different extension factors.


Observation 5
· Selection of the “relevant set” has impact on D2D broadcast performance.
· The “relevant set” with k = [2, 4] has better performance than single-k set if no bitmap extension is applied.

· The bitmap length extension with T-RPT set restriction k = 2 provides the best performance among simulated scenarios.

Proposal 5
· Use T-RPT bitmap extension mechanisms for Mode-2 operation.
7 TDD Configuration for Out of Coverage

During the RAN1 #78 meeting and consequent e-mail discussions, some companies concerned the case of co-existence issue if the UL-DL configuration in network coverage is not applied for resource pool configuration in out of coverage. There is a probability, that the out of coverage D2D transmissions will harm DL cell edge reception in coverage due to unaligned TDD configuration.
In our view, the issue almost does not exist since the out of coverage transmissions happen far enough from the cell-edge UEs. This may be safely assumed due to the fact that close transmissions are likely to be synchronized and aligned because of relayed timing and parameters. In another case, when there is no possibility to relay network sync and configuration, the issue cannot be solved due to lack of mechanism to align timing even if out of coverage UEs try to protect cellular DL reception by applying some TDD configuration.
Proposal 6
· There is no need to define UL-DL TDD configuration for out-of-coverage.

· T-RPT configuration for out of coverage is reused from FDD Mode-2 T-RPT set.
8 Conclusions

In this contribution we provided our views on T-RPT design for Mode-1 and Mode-2 D2D communication. Based on the discussion presented in the document we have the following proposals:
Observation 1
· Mode-1 and Mode-2 T-RPT patterns use the same construction procedure.
· For Mode-2, interference randomization in time may be constrained by 8 bitmap size for T-RPT generation.

· Additional mechanisms of randomization in time may be needed to improve performance.
Observation 2
· Some TDD configurations may not fulfil link budget requirements for VoIP traffic.

· The concatenation of MAC PDUs can be used to enable D2D VoIP operation in TDD UL-DL configurations with small number of UL subframes at the expense of the reduced link budget.
Observation 3
· The definition of “relevant T-RPTs” for random selection needs to be clarified including its configuration details.
· There may be issues with latency, link budget and collisions if the “relevant” set of T-RPTs is represented by the whole available set of T-RPTs.
Observation 4
· Mode-2 VoIP performance in different TDD configurations (#2, 4 and 5) may not satisfy the VoIP link budget targets.
Observation 5
· Selection of the “relevant set” has impact on D2D broadcast performance.

· The “relevant set” with k = [2, 4] has better performance than single-k set if no bitmap extension is applied.

· The bitmap length extension with T-RPT set restriction k = 2 provides the best performance among simulated scenarios.

Proposal 1
· Confirm current working assumption about the T-RPT bitmap lengths.

· Discuss techniques to provide additional T-RPT randomization in time within current agreements.
Proposal 2
· Define mapping between T-RPT index and T-RPT bitmap as proposed in Appendix A of this document.
Proposal 3
· Agree on relaxed link budget requirement for D2D operation in TDD configurations #5.

· Introduction of additional k values for UL-DL configurations #0, 3, 6 may be considered.

Proposal 4
· A T-RPT restriction bitmap is introduced to control the set of T-RPTs used for D2D communication.
Proposal 5
· Use T-RPT bitmap extension mechanisms for Mode-2 operation.
Proposal 6
· There is no need to define UL-DL TDD configuration for out-of-coverage.

· T-RPT configuration for out of coverage is reused from FDD Mode-2 T-RPT set.
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Appendix A – T-RPT Tables
Table 3. Bitmap patterns for T-RPT construction: N = 8, k = [1, 2, 4, 8].

	ITRPT
	Bitmap
	ITRPT
	Bitmap
	ITRPT
	Bitmap
	ITRPT
	Bitmap
	ITRPT
	Bitmap

	0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20
	k = 1

1 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0

0 0 1 0 0 0 0 0

0 0 0 1 0 0 0 0

0 0 0 0 1 0 0 0

0 0 0 0 0 1 0 0

0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 1
k = 2

1 1 0 0 0 0 0 0

1 0 1 0 0 0 0 0

1 0 0 1 0 0 0 0

1 0 0 0 1 0 0 0

1 0 0 0 0 1 0 0

1 0 0 0 0 0 1 0

1 0 0 0 0 0 0 1
0 1 1 0 0 0 0 0

0 1 0 1 0 0 0 0

0 1 0 0 1 0 0 0

0 1 0 0 0 1 0 0

0 1 0 0 0 0 1 0

0 1 0 0 0 0 0 1
	21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42
	0 0 1 1 0 0 0 0

0 0 1 0 1 0 0 0

0 0 1 0 0 1 0 0

0 0 1 0 0 0 1 0

0 0 1 0 0 0 0 1
0 0 0 1 1 0 0 0

0 0 0 1 0 1 0 0

0 0 0 1 0 0 1 0

0 0 0 1 0 0 0 1
0 0 0 0 1 1 0 0

0 0 0 0 1 0 1 0

0 0 0 0 1 0 0 1
0 0 0 0 0 1 1 0

0 0 0 0 0 1 0 1
0 0 0 0 0 0 1 1
k = 4

1 1 1 1 0 0 0 0

1 1 1 0 1 0 0 0

1 1 1 0 0 1 0 0

1 1 1 0 0 0 1 0

1 1 1 0 0 0 0 1
1 1 0 1 1 0 0 0

1 1 0 1 0 1 0 0
	43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65
	1 1 0 1 0 0 1 0

1 1 0 1 0 0 0 1
1 1 0 0 1 1 0 0

1 1 0 0 1 0 1 0

1 1 0 0 1 0 0 1
1 1 0 0 0 1 1 0

1 1 0 0 0 1 0 1
1 1 0 0 0 0 1 1
1 0 1 1 1 0 0 0

1 0 1 1 0 1 0 0

1 0 1 1 0 0 1 0

1 0 1 1 0 0 0 1
1 0 1 0 1 1 0 0

1 0 1 0 1 0 1 0

1 0 1 0 1 0 0 1
1 0 1 0 0 1 1 0

1 0 1 0 0 1 0 1
1 0 1 0 0 0 1 1
1 0 0 1 1 1 0 0

1 0 0 1 1 0 1 0

1 0 0 1 1 0 0 1
1 0 0 1 0 1 1 0

1 0 0 1 0 1 0 1
	66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88
	1 0 0 1 0 0 1 1
1 0 0 0 1 1 1 0

1 0 0 0 1 1 0 1
1 0 0 0 1 0 1 1
1 0 0 0 0 1 1 1
0 1 1 1 1 0 0 0

0 1 1 1 0 1 0 0

0 1 1 1 0 0 1 0

0 1 1 1 0 0 0 1
0 1 1 0 1 1 0 0

0 1 1 0 1 0 1 0

0 1 1 0 1 0 0 1
0 1 1 0 0 1 1 0

0 1 1 0 0 1 0 1
0 1 1 0 0 0 1 1
0 1 0 1 1 1 0 0

0 1 0 1 1 0 1 0

0 1 0 1 1 0 0 1
0 1 0 1 0 1 1 0

0 1 0 1 0 1 0 1
0 1 0 1 0 0 1 1
0 1 0 0 1 1 1 0

0 1 0 0 1 1 0 1
	89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106
	0 1 0 0 1 0 1 1
0 1 0 0 0 1 1 1
0 0 1 1 1 1 0 0

0 0 1 1 1 0 1 0

0 0 1 1 1 0 0 1
0 0 1 1 0 1 1 0

0 0 1 1 0 1 0 1
0 0 1 1 0 0 1 1
0 0 1 0 1 1 1 0

0 0 1 0 1 1 0 1
0 0 1 0 1 0 1 1
0 0 1 0 0 1 1 1
0 0 0 1 1 1 1 0

0 0 0 1 1 1 0 1
0 0 0 1 1 0 1 1
0 0 0 1 0 1 1 1
0 0 0 0 1 1 1 1
k = 8

1 1 1 1 1 1 1 1


Table 4. Bitmap patterns for T-RPT construction: N = 7, k = [1, 2, 4, 7].

	ITRPT
	Bitmap
	ITRPT
	Bitmap
	ITRPT
	Bitmap
	ITRPT
	Bitmap
	ITRPT
	Bitmap

	0

1

2

3

4

5

6

7

8

9

10

11
	k = 1

1 0 0 0 0 0 0

0 1 0 0 0 0 0

0 0 1 0 0 0 0

0 0 0 1 0 0 0

0 0 0 0 1 0 0

0 0 0 0 0 1 0

0 0 0 0 0 0 1
k = 2

1 1 0 0 0 0 0

1 0 1 0 0 0 0

1 0 0 1 0 0 0

1 0 0 0 1 0 0

1 0 0 0 0 1 0
	12

13

14

15

16

17

18

19

20

21

22

23

24

25
	1 0 0 0 0 0 1
0 1 1 0 0 0 0

0 1 0 1 0 0 0

0 1 0 0 1 0 0

0 1 0 0 0 1 0

0 1 0 0 0 0 1
0 0 1 1 0 0 0

0 0 1 0 1 0 0

0 0 1 0 0 1 0

0 0 1 0 0 0 1
0 0 0 1 1 0 0

0 0 0 1 0 1 0

0 0 0 1 0 0 1
0 0 0 0 1 1 0
	26

27

28

29

30

31

32

33

34

35

36

37

38
	0 0 0 0 1 0 1
0 0 0 0 0 1 1
k = 4

1 1 1 1 0 0 0

1 1 1 0 1 0 0

1 1 1 0 0 1 0

1 1 1 0 0 0 1
1 1 0 1 1 0 0

1 1 0 1 0 1 0

1 1 0 1 0 0 1
1 1 0 0 1 1 0

1 1 0 0 1 0 1
1 1 0 0 0 1 1
1 0 1 1 1 0 0
	39

40

41

42

43

44

45

46

47

48

49

50

51

52
	1 0 1 1 0 1 0

1 0 1 1 0 0 1
1 0 1 0 1 1 0

1 0 1 0 1 0 1
1 0 1 0 0 1 1
1 0 0 1 1 1 0

1 0 0 1 1 0 1
1 0 0 1 0 1 1
1 0 0 0 1 1 1
0 1 1 1 1 0 0

0 1 1 1 0 1 0

0 1 1 1 0 0 1
0 1 1 0 1 1 0

0 1 1 0 1 0 1
	53

54

55

56

57

58

59

60

61

62

63
	0 1 1 0 0 1 1
0 1 0 1 1 1 0

0 1 0 1 1 0 1
0 1 0 1 0 1 1
0 1 0 0 1 1 1
0 0 1 1 1 1 0

0 0 1 1 1 0 1
0 0 1 1 0 1 1
0 0 1 0 1 1 1
0 0 0 1 1 1 1
k = 7

1 1 1 1 1 1 1


Table 5. Bitmap patterns for T-RPT construction: N = 6, K = [1, 2, 4, 6].

	ITRPT
	Bitmap
	ITRPT
	Bitmap
	ITRPT
	Bitmap
	ITRPT
	Bitmap

	0

1

2

3

4

5

6

7

8

9
	k = 1

1 0 0 0 0 0

0 1 0 0 0 0

0 0 1 0 0 0

0 0 0 1 0 0

0 0 0 0 1 0

0 0 0 0 0 1
k = 2

1 1 0 0 0 0

1 0 1 0 0 0

1 0 0 1 0 0

1 0 0 0 1 0
	10

11

12

13

14

15

16

17

18

19

20
	1 0 0 0 0 1
0 1 1 0 0 0

0 1 0 1 0 0

0 1 0 0 1 0

0 1 0 0 0 1
0 0 1 1 0 0

0 0 1 0 1 0

0 0 1 0 0 1
0 0 0 1 1 0

0 0 0 1 0 1
0 0 0 0 1 1
	21

22

23

24

25

26

27

28

29

30

31
	k = 4

1 1 1 1 0 0

1 1 1 0 1 0

1 1 1 0 0 1
1 1 0 1 1 0

1 1 0 1 0 1
1 1 0 0 1 1
1 0 1 1 1 0

1 0 1 1 0 1
1 0 1 0 1 1
1 0 0 1 1 1
0 1 1 1 1 0
	32

33

34

35

36
	0 1 1 1 0 1
0 1 1 0 1 1
0 1 0 1 1 1
0 0 1 1 1 1
k = 6

1 1 1 1 1 1


Appendix B – Simulation Assumptions
	Parameter
	Value

	Deployment scenarios
	Out of coverage, Option 5, 57 cells, ISD = 1732m [6]
Hotspot drop (100% outdoor)

	Synchronization
	Ideal synchronization

	D2D spectrum
	700 MHz @ 10 MHz, 48 PRBs are allocated for data transmissions

	Maximum TX power
	23 dBm

	Power control
	Maximum power transmission

	RSRP threshold
	-107 dBm

	Pathloss model
	According to [6]

	Fast fading model
	According to [6]

	UE antenna configuration
	1 TX, 2 RX

	UE number
	9 transmitters and 29 receivers per cell sector in average

	In-band emission model
	Modeled according to the modified mask from TS 36.101 with {3,6,3,3} specific offsets [6]

	Traffic model
	VoIP traffic with header compression (328 bit payload) according to [6]

	Transmission resource units
	16 frequency channels of 3 PRB

4 TTI blind transmission
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saPeriod 
(SA & Mode-2 Data Period)
01001000
offset = 0
00001001
offset = 3
01001000
offset = 0
00001001
offset = 3
01001000
offset = 0
00001001
offset = 3


N
N·extFactor



