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1. Introduction

From some discussion in RAN1 meeting about D2D communication, scheduling assignment (SA) would be used to carry some control information and indicate the location of D2D data transmission resources. Time resource pattern of transmission (T-RPT) is used in the SA to indicate the UE with available resources for D2D data transmission. Some basic agreement and working assumption are quoted below: 

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
Moreover, some discussion in the e-mail such as RRC parameters “saPeriod” and “saBitmapLen” may imply the possible SA resource allocation in LTE UL bandwidth. 

In this contribution, we want to clarify the possible SA resource allocation and further discuss the multiple SA transmission to improve the throughput in mode 2 D2D communication.
2. Discussion 

For D2D communication resource allocation, scheduling assignment (SA) would be used to carry some control information and indicate the location of D2D data transmission resources. SA transmission scheme should apply to both Mode 1 and Mode 2 D2D communication. At first, we should clarify the possible SA resources allocation in the UL bandwidth. During some e-mail discussion about RRC D2D parameter, there may be some information implicitly showing the possible candidates of SA resource size. Moreover, in order to support the transmission throughput improvement of D2D communication in the future, some discussions about multiple SA transmission are also shown as below.
· 2.1 The resource allocation of scheduling assignment

From the beginning of the discussion about the RRC parameters of D2D in e-mail, some important SA resource allocation RRC parameters like SA period, SA bitmap length are list as table 1:
	Specification
	Section
	Parameter name in text
	Current UE specific parameter
	Parameter name in specification
	Description
	Value range
	Default value
	Transmit or Receive Resource Pool
	UE specific/Cell specific/ Out of coverage
	Applicable for cells
	Specification

	36.211
	FFS
	SA  period
	New parameter
	saPeriod
	Periodicity of resources allocated in  a cell for SA transmissions
	{40, 80,160, 320} msec at least for FDD, FFS for TDD
	N/A
	Tx/Rx
	cell specific/out of coverage
	Same configuration across cells
	36.331

	36.211
	FFS
	Length of bitmap indicating sub-frames with SA resources
	New parameter
	saBitmapLen 
	Length of the bitmap indicating which sub-frames within a SA period are used for SA
	{2, 3, 4, 5, 6, 10, 20, 30, 40}
	N/A
	Tx/Rx
	cell specific/out of coverage
	Same configuration across cells 
	36.331


Table 1: Some SA information about RRC parameters in e-mail discussion
Furthermore, we consider the location and the scheduling of D2D resources are pre-configured by eNB and the D2D resource pools (including SA and data resource pool) are co-existence with UL WAN resources which are PUCCH and PUSCH. Moreover, after some observation of the candidate RRC parameters for D2D, it may imply that the allocation of D2D resources in the UL bandwidth as figure 1: 
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Figure 1: Possible resource allocation of D2D communication and pool information

The definition of the parameter “saBitmapLen” is to indicate the lengths of the bitmap which is indicating specific subframes within the SA period are used for SA. Corresponding values are {2, 3, 4, 5, 6, 10, 20, 30, 40}. This information implies the max length of SA resource pool may achieve 40 subframes and the available SA resources in the SA resource pool may be distributed due to the bitmap indication.
Observation 1: the max length of SA resource pool possibly achieve 40 subframes and the available SA resources in the SA resource pool may be distributed due to the bitmap indication.

· 2.2 Multiple scheduling assignment transmissions


Since the T-RPT in a SA indicate the location and the size of corresponding D2D data transmission. In order to improve the system throughput in mode 1, multiple SA transmission can help to burst the D2D data transmission throughput. However, since the eNB would not help scheduling the SA resources in mode 2 D2D communication, the SA resources are selected by UE itself. Considering the random SA selection as the baseline of SA resource selection, multiple SA transmission may not be adequately adopted since the resource collision rate may be rapidly raised. However, if considering some sensing scheme (such as energy sensing), the resource collision rate may be effectively suppressed in mode 2 communication. 
Proposal 1: the sensing scheme such as energy sensing of SA resources should be applied in mode 2 communication. 
Considering the multiple SA transmission with sensing-based SA resource selection, the system throughput can be effectively improved. The possible sensing procedure and the multiple SA transmission are shown in figure 2. The mode 2 UE monitoring first SA period and finds out available resources for SA transmission. Moreover, after transmit first SA in the second SA period, the UE still monitoring the SA period with half-duplex constraint and finds out some available resources which are available for extra SA transmissions. Then, the UE transmit extra SA transmissions in the following SA period if it is needed. 
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Figure 2: possible sensing procedure and multiple SA transmission in mode 2 D2D communication.

Proposal 2: multiple SA transmission should be considered in the sensing-based SA resource selection.

Due to the nature of resource monitoring, there may have some undetected error propagation situation for mode 2 UEs. As following figure, after a new participating UE (UE1) monitoring the specific SA period, UE1 transmit the SA in the selected resource. However, if the specific resource is also selected by UE2 to transmit SA, the error propagation would happen until one of the mode 2 UE releases the specific SA.

[image: image3]
Figure 3: error propagation in mode 2 SA resource selection


Regarding to the transmitted SAs may belong to newly SA or extra SA, the priority may be different. In order to maintain the fairness of every participate D2D UEs, the priority of the newly SA should higher than the extra SA transmission. Thus, proposed solution in figure 4 not only keeps the fairness of each UE but maintains the throughput improvement from multiple SA transmission. As shown in figure, we propose that the UE should only transmit the extra SA transmission with 2 SA periods to ensure the fairness of each UE. More specifically, after a UE transmit extra SAs in a specific SA period, this UE do not transmit any extra SA in the next SA period but only monitoring the SA pool.

[image: image4]
Figure 4: Extra SA transmission only transmitted with 2 SA periods.
Proposal 3: extra SA transmissions only transmitted with 2 SA periods.
3. Conclusion

In this contribution, we have some observation of SA resource allocation in UL bandwidth and have some discussion about multiple SA transmission in mode 2 communication as following proposals:
Observation 1: the max length of SA resource pool may achieve 40 subframes and the available SA resources in the SA resource pool may be distributed due to the bitmap indication.

Proposal 1: the sensing scheme such as energy sensing of SA resources should be applied in mode 2 communication. 

Proposal 2: multiple SA transmission should be considered in the sensing-based SA resource selection.
Proposal 3: extra SA transmissions only transmitted with 2 SA periods.
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