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1 Introduction
According to the discussion in RAN1#78bis about T-RPT, it was agreed that [1]
· For both Mode 1 and Mode 2, the T-RPT bit-map repeats throughout the saPeriod.
· The number of MAC PDUs or bit-map repetitions is not signaled by D2D Tx UE or eNB.

It is still FFS whether 
· whether it is permitted to not transmit a MAC PDU on any of the sets of 4 transmission opportunities for a single MAC PDU within an saPeriod if the UE does not have any MAC PDUs to transmit at that point
· whether  it is permitted in mode 1 to not transmit SA if the UE has no data to transmit? 

From the discussion in RAN1#78, it was agreed that it is an error case when the last MAC PDU does not include 4 transmissions.  However, handling of this error case has not been discussed.
Furthermore, the following description was agreed during the discussion on RRC parameter in [2]: 
This parameter is pre-configured and is used by out of coverage UEs to learn the TDD configuration on a TDD carrier. If this parameter is not configured then on a FDD carrier a UE assumes FDD duplex mode. Note that RAN1 is still discussing remaining issues of D2D out of coverage resource allocation on a TDD (FDD) carrier.  
Therefore, it is still FFS whether FDD(TDD) operation is allowed on a TDD(FDD) carrier.  

This contribution addresses these remaining issues on D2D data transmission. 
2 Handling of T-RPT transmission opportunities without data
When the amount of resources allocated by the T-RPT in SA indicated to the UE are more than the required amount of resources for data transmission, the last data MAC PDU can be finished at anytime in an SA period i.e. the last data MAC PDU may not be at the end of the SA period.   In this case, no more data is available from the transmitter UE for the remaining allocated transmission opportunities.    Therefore, these remaining subframes are free and not used for any data transmission.   It was discussed whether it is permitted to not transmit any MAC PDU in these remaining resources.  
If it is permitted to not transmit any MAC PDU in any allocated transmission opportunities, the receiver UEs will need to detect all subframes in the allocated T-RPT pattern.     Moreover, eNB cannot reuse these subframes without data transmission.  This will cause resource waste and unnecessary power consumption of the receiver UEs to detect all these subframes.  

If the transmitter UEs have to perform transmission (e.g. by zero padding) in all the allocated transmission opportunities, this will create unnecessary interference and the resources can't be reused by eNB as well.     It also waste the power consumption of the transmitter UE.
There are pros and cons in either approach.   The issues i.e. power consumption, resource waste, interference issue are more severe when a longer SA period is used as the ratio of the allocated subframes without data transmission becomes higher.  

To alleviate the problems, we can follow the current SPS approach defined in the cellular communication to handle these remaining subframes.  For uplink SPS, the eNB detects X number of consecutive allocated subframes without data to determine there is no more MAC PDU coming where X is RRC configured[3].  If there is no data in X number of consecutive allocated subframes, the remaining resources can be released.   Similar approach can be applied to D2D data transmission.   Similarly, any receiver UE is only required to detect certain number of subframes without any data.   If the receiver UE can't detect data in this certain number of subframes, the receiver UE knows this is the last MAC PDU and is not required to detect subsequent transmission opportunities within the SA period.  This can reduce the power consumption of the receiver UEs.  Meanwhile, the resources can be freed up in mode 1 for the eNB if the eNB detects and ensures there is no more transmission in the allocated subframes. 
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Figure 1
As shown in figure 1, there are at least 10 data subframes in an SA period of 80ms even the smallest k i.e. k=1 is used in T-RPT pattern.    If there is only one MAC PDU left, 4 data subframes are needed.  If no handling is defined in this case, the remaining 6 subframes are wasted and the receiver is required to detect all 10 subframes.  If we follow the SPS approach and define X (X=2 in this example) which is the number of subframes  the receiver UEs required to detect after the last MAC PDU,   then 4 subframes can be released.  We call these subframe "end of the packet indicator" subframes.  The receiver UEs are not required to detect these 4 subframes to reduce the power consumption.   In addition, the eNB can reuse these 4 subframes to reduce the resource waste in mode 1.
Following the SPS approach, X can be configurable either by RRC or pre-configuration if it is feasible to introduce additional RRC parameter.   Otherwise, X can be implicitly defined in the standard e.g. linked to the SA period. e.g. X is valid only for a long SA period since the probability of resource waste is higher.  On the other hand, this scheme may not be necessary for a short SA period.
In these X end of packet indicator subframes, the transmitter UE can either transmit nothing or a predefined data pattern e.g. all zeros.   If nothing is transmitted, it can save power for the transmitter and reduce interference to the other UEs.  On the other hand, a predefined data pattern makes the detection of these X subframes more reliable in the receiver side so that mis-detection of such case (e.g. due to fading) is reduced.   In order to reliably detect small number of X subframes, the latter approach i.e. a predefined pattern is slightly preferable.
Usually eNB and the transmitter UEs should be consistent in required amount of resources for transmission.  The case of having no data transmitted in the entire SA period should be quite rare.  Therefore, for SA, it is fine to let UE transmit SA even if there is no data.  The receiver UEs will stop data detection following the same resource release process as described above.   
Proposal 1:Define a resource release process with end of packet indicator to handle the case if the UE does not have any MAC PDUs to transmit within a SA period.  
3 Error Case when the last MAC PDU does not include 4 transmissions
It was agreed [4] at least for FDD that the only possible value of the number of transmissions of a given D2D communication MAC PDU is 4.   It is an error case when the last MAC PDU does not include 4 transmissions if the total number of ones in T-RPT bitmaps with repetition in a SA/data period is not a multiple of 4.  In such case, the last MAC PDU may contain only 1, 2 or 3 transmissions.  There are different ways to handle this error case.
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Figure 2
As shown in figure 2, the T-RPT bitmap is "1100 0000" which maps to 10 data subframes in the 40ms resource period. The first two MAC PDUs have four transmissions.  However, the last MAC PDU only has two transmissions and hence the error case happens.  This kind of error case can happen to both TDD and FDD and to both Mode 1 and Mode 2.   There are two methods to handle the error case.
3.1 Do not transmit when the last MAC PDU does not have 4 transmissions
The simplest method is to strictly keep the rule of 4 transmissions per MAC PDU and drop the remaining transmission opportunities if the last MAC PDU does not have 4 transmissions. This can ensure every MAC PDU has the similar performance and coverage.  However, this would waste the transmission opportunities and the corresponding resources. The resource waste is more serious if the number of available D2D subframes is small in a SA period given that one to three subframes can be significant amount in ratio in such cases.  It may not be too much of issue if the number of D2D subframes is large in a SA period because the ratio of these remaining subframes is small.    
3.2 Allow the last MAC PDU to have less than 4 transmissions
Allowing less than 4 transmissions for the last MAC PDU can fully utilize the transmission opportunities.   As shown in figure 2, the last MAC PDU has two transmissions.  In general, the last MAC PDU can have 1, 2 or 3 transmissions depending on the number of ones in the T-RPT bitmap and the available D2D subframes. With this approach, the performance of the last MAC PDU would decrease especially if we consider one transmission only.
Proposal 2: The UE is not expected to transmit/receive a MAC PDU in the error case when there are less than 4 remaining subframes.
4 Pre-configured TDD config
It’s agreed that in out of coverage cases, a pre-configured TDD UL/DL config and resource pool on TDD carrier should be used for D2D communication. For TDD, resource pool configuration together with the TDD configuration defines the D2D resources. It was agreed that the pre-configured parameter of TDD configuration is used by out of coverage UEs to learn the TDD configuration on a TDD carrier[2].
Theoretically, all the subframes in a TDD carrier are available to D2D UEs when out of coverage.  However, it is more reasonable for a TDD UE to follow TDD specs and to operate in TDD mode even there is no signals in DL subframes.  This can simplify the UE implementation as TDD UEs are not required to perform D2D operation based on FDD resource mapping.   The same should be applied to FDD UEs.  FDD UEs should only be required to support D2D operation based on FDD resource mapping.   Moreover, allowing the UEs to transmit in all subframes in a TDD carrier (i.e. all UL subframes) may have some issues with regional regulation. Therefore, it is desirable that the out-of-coverage UEs perform transmission/reception assuming a TDD configuration which can be always pre-configured along with the pre-configured resource pool configuration.

Proposal 3: Do not allow D2D operation based on FDD(TDD) resource mapping in a  TDD(FDD) carrier.

5 Conclusions
Based on the analysis, we have the following proposals:
Proposal 1:Define a resource release process with end of packet indicator to handle the case if the UE does not have any MAC PDUs to transmit within a SA period.  

Proposal 2: The UE is not expected to transmit/receive a MAC PDU in the error case when there are less than 4 remaining subframes.

Proposal 3: Do not allow D2D operation based on FDD(TDD) resource mapping in a  TDD(FDD) carrier.
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