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1 Introduction

In this contribution, we review RAN1 WG agreements on time resource pattern of transmission (T-RPT) for D2D communication and discuss its implementation in [1]-[3]. According to our observation, the slight modification or clarification of current CR implementation is needed to correct T-RPT applied in case of UL/DL configuration # 5. In particular, we noticed that restriction on single T-RPT pattern specified for the case when T-RPT subset restriction is configured leads to half-duplex problem, and partial utilization of allocated D2D resources. In addition, we argue that restriction to use only single T-RPT index is not required for UL/DL configuration #5 and that the same mechanism as defined for all other UL/DL configurations can be applied. We also notice that 40 ms SA and Data period can be excluded for UL-DL configuration #5.
2 Overview of T-RPT Pattern Design
2.1 T-RPT Pattern Generation
The time resources for D2D data transmission within communication resource pool (PSSCH configuration) are determined by T-RPT index broadcasted in sidelink control channel (SCI Format 0). This index identifies the particular time resource pattern of transmission for D2D communication. The T-RPT pattern is derived from a length-‘n’ bitmap, where ‘1’ indicates subframe used for D2D transmission and ‘0’ indicates no D2D transmission. The number of ‘1’s in the bitmap is determined by the parameter ‘k’. The set of T-RPTs is defined using combinatorial operation “n choose k”, which is the number of combinations of ‘n’ things taken ‘k’ at a time. The specified parameters ‘k’ and ‘n’ depend on particular duplexing mode, UL/DL configuration and sidelink transmission mode as summarized in Table 1.
Table 1: Summary of T-RPT parameters for different duplexing modes and UL/DL configurations.

	Duplexing /
TDD configuration
	Sidelink Transmission Mode-1
	Sidelink Transmission Mode-2

	FDD
	n = 8; k = {1,2,4,8}

Number of combinations = 107
	n = 8; k = {1,2,4}

Number of combinations = 106

	TDD#0
	n = 7; k ={1,2,3,4,5,6,7}

Number of combinations = 127
	n = 7; k = {1,2,3,4,5}

Number of combinations = 119

	TDD#3,6
	n = 6; k ={1,2,3,4,5,6}

Number of combinations = 63
	n = 6; k = {1,2,3,4}

Number of combinations = 56

	TDD#1,2,4,5
	n = 8; k ={1,2,4,8}

Number of combinations = 107
	n = 8; k = {1,2,4}

Number of combinations = 106


The illustrative examples of T-RPT pattern mapping within data (PSSCH) resource pool is shown in Figure 1.
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Figure 1: Examples of T-RPTs for different set of ‘k’ {1, 2, 4} and ‘n’ = 8 values.
2.2 T-RPT Subset Restriction
For sidelink transmission mode-2, the T-RPT set can be restricted by higher layer signalling “mode2TRPTSubset”. In particular, T-RPT combinations corresponding to certain ‘k’ values can be prohibited by eNB/network. In this case, only a subset of T-RPTs can be used for transmission.

2.3 PSSCH Resource Pool Configuration
The PSSCH resource pool configuration in time is defined by the following set of parameters:
· period - Period over which resources allocated in a cell for D2D transmission occur;
· SA and Data: period over which resources allocated in a cell for SA (PSCCH), Mode 1 and Mode 2 data (PSSCH) transmissions occur;
· subframeBitmap - Indicates subframes reserved for SA(PSCCH)/Data(PSSCH);
· SA: bitmap of SA resources within an SA period starts at the beginning of saPeriod;
· Mode 2 Data: bitmap refers to the set of subframes that start after the offset indicated by mode2DataOffsetIndicator;
· Bitmap is repeated until the next instance of SA resource pool.

· offsetIndicator –  offset indicator for the first SA/Data period within a SFN cycle.
The values of these parameters are summarized in Table 2.
Table 2: Resource pool subframe bitmap lengths.
	Duplexing mode
	Number of UL subframes per frame
	SA and Data period
	Subframe Bitmap Length == Number of UL subframes per min SA and Data period

	 FDD
	10
	{40, 80, 160, 320} ms
	40

	TDD UL/DL # 0
	6
	{70, 140, 280} ms
	42

	TDD UL/DL # 1
	4
	{40, 80, 160, 320} ms
	16

	TDD UL/DL # 2
	2
	{40, 80, 160, 320} ms
	8

	TDD UL/DL # 3
	3
	{40, 80, 160, 320} ms
	12

	TDD UL/DL # 4
	2
	{40, 80, 160, 320} ms
	8

	TDD UL/DL # 5
	1
	{40, 80, 160, 320} ms
	4

	TDD UL/DL # 6
	5
	{60, 120, 240} ms
	30


2.4 T-RPT Set for UL/DL Configuration # 5
In this section, we discuss T-RPT behaviour, which is captured for UL/DL configuration #5 in [3]. The UL/DL configuration #5 has one UL subframe per LTE frame. For this configuration, the length of subframeBitmap for PSCCH and PSSCH resource pool configuration is equal to 4. It means that maximum 4 UL subframes are available per 40 ms period. Given that each MAC PDU transmission occupies 4 TTIs, there is no possibility to use other T-RPT patterns except “11110000” and other subframeBitmap except “1111” in order to transmit at least one packet per 40ms period. However, additional two subframes are needed for PSCCH (SA). Therefore, if we assume non-overlapping in time Data (PSSCH) and SA (PSCCH) resource pool configuration, it becomes clear that 40ms is not sufficient. In other words UE cannot use 2 TTIs for SA and 4 TTIs for Data in this case due to lack of time resources. Given the RAN1 WG conclusion, that UE transmission and reception behaviour is not defined if SA and Data pools overlap in time [4], it may be concluded that 40ms period is not a viable option for UL/DL configuration #5 unless specification changes are introduced.
Observation 1
· The 40 ms period is not sufficient for UL/DL configuration #5 and may be excluded.
Beside the issue with the 40ms period for UL/DL configuration #5, we have found additional problem with the current T-RPT description for UL/DL configuration #5. According to current description in [3], the set of T-RPTs that can be used in case of UL/DL configuration #5 is as follows:

· For sidelink transmission mode-1:
·  n = 8; k = {1, 2, 4, n};
·  Whole set of 107 T-RPTs is available
· For sidelink transmission mode-2 (see the specification citation in text box below):
· If there is no T-RPT subset restriction (i.e. mode2TRPTSubset is not signaled)

· n = 8; k = {1, 2, 4}. The set of all 106 T-RPTs is considered applicable.
· Else if there is T-RPT subset restriction (i.e. mode2TRPTSubset is configured)
· The single T-RPT index (ITRP = 36) is used (corresponds to T-RPT pattern “11110000”).
	“ For FDD or for TDD, and the UE not configured with the higher layer parameter mode2TRPTSubset
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For TDD with UL/DL configuration 5 and the UE configured with higher layer parameter mode2TRPTSubset, the allowed value of[image: image17.wmf]TRP
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The amount of subframes available for D2D transmission within resource pool depends on three parameters: 

1) amount of ‘1’s in the resource pool subframe bitmap;

2) amount of resource pool subframe bitmap repetitions within SA+Data period;

3) amount of ‘1’s within T-RPT pattern.

Depending on the amount of ‘1’s in resource pool subframe bitmap and SA+Data period, the single T-RPT index defined for UL/DL configuration #5 seems to be too restrictive and may not utilize all configured resources. For instance, if data subframe bitmap pattern is ‘1111’, then for SA+Data period equal to 80 ms and 160 ms there can be 6 and 12 data subframes assuming 2 and 4 subframes are used for SA respectively. In this case, as it is shown in Figure 2 some of the subframes cannot be used for transmission and moreover all UEs will have half-duplex constraint.
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Figure 2: Half duplex constraint and non-usable subframes for single T-RPT.
The indicated half-duplex problem may be resolved, if the constraint on single T-RPT for UL/DL configuration #5 is removed. In this case the same approach can be applied for all UL/DL configurations.
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Figure 3: Extended set of T-RPTs in case of removed single T-RPT constraint.
Observation 2
· The restriction on single T-RPT pattern for UL/DL configuration #5 leads to half-duplex problem, D2D subframe utilization issue and limited interference randomization in time.
In order to resolve the T-RPT problem discussed in this contribution we suggest the following modifications:

Proposal 1
· Remove the 40 ms SA + Data period for UL/DL configuration #5.
Proposal 2
· Remove constraint on single T-RPT index (ITRP = 36) for UL/DL configuration #5.
· Use the same mechanism for T-RPT subset restriction as applied to all other UL/DL configurations.
3 Conclusions
In this contribution, we have discussed the T-RPT design problems associated with D2D communication for UL/DL configuration #5. Based on discussion in this contribution we suggest following proposals. The corresponding text proposal with suggested changes in current version of ProSe CR [4] is given in Appendix A.
Proposal 1
· Remove the 40 ms SA + Data period for UL/DL configuration #5.
Proposal 2
· Remove constraint on single T-RPT index (ITRP = 36) for UL/DL configuration #5.
· Use the same mechanism for T-RPT subset restriction as applied to all other UL/DL configurations.
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Appendix A
In this section, we provide a text modification of the ProSe CR for TS 36.213 [3] to reflect our proposals made in this contribution.
	Section 14.1.1.3 - UE procedure for determining subframes for transmitting PSSCH for sidelink transmission mode 2
“ For FDD or for TDD, and the UE not configured with the higher layer parameter mode2TRPTSubset
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For TDD with UL/DL configuration 5 and the UE configured with higher layer parameter mode2TRPTSubset, the allowed value of[image: image35.wmf]TRP
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