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1 Introduction
The RRM core requirements for ProSe were completed at RAN4#74 [1]. Regarding interruption casused by ProSe operations, the requirements for Idle and Connected mode are specified in section 4.5.2 and section 7.16.3, respectively.
A WF [2], which proposes to further investigate the interruption requirements for ProSe Direct Communication taking into account UE power consumption, was also agreed in RAN4#74.      
In this paper, we will provide our analysis on the potential UE power savings and the system impacts to take these benefits. Based on the analysis, we will also provide our preference on the additional interruption requirements.   
2 Discussion
A UE capable of ProSe Direct Communication is assumed to have a dedicated receiver chain for reception of D2D data (PSSCH) and related D2D control (PSCCH), and the interruption to PCell (both UL and DL) is caused by switching on/off this dedicated receiver chain to start/stop receiving ProSe Direct Communication.
Idle mode
For idle mode, the current requirements do not allow ProSe Direct Communication to cause any interruption to the reception of paging and system information. In our understading, this means UE can switch on/off its dedicated receiver chain at any time when there is no operation on UE’s PCell, so there is already enough flexibility to achieve potential power savings, and we don’t see a need to introduce additional interruption requirements for Idle mode. 
Proposal 1: No need to introduce additional interruption requirements for Idle mode for ProSe Direct Communication.
Connected mode
For Connected mode, the current requirements allow ProSe Direct Communication to cause interruption only at the configuration of ProSe Direct Communication, i.e. during the RRC reconfiguration procedure that includes the ProSe Direct Communication configuration message sl-CommConfig (setup and release). In other words, UE is not allowed to cause any interruption to PCell operation during ProSe Direct Communication, which might lead to a situation that it is not possible for UE to turn off its dedicated receiver chain between the stup and release of ProSe Direct Communication. Some companies raised the concern that there could be a lot of power wasted if the D2D reception is not active during the setup and release of ProSe Direct Communication. 
2.1.1 Reception of ProSe Direct Communication
The reception of ProSe Direct Communication is framed based on the period of PSCCH (saPeriod), and UE must switch on its dedicated receiver chain at the beginning of each PSCCH period to monitor the PSCCH subframe pool, which is determined by the 1s in the bitmap (saSubframeBitmap). The possible PSCCH period is {40, 80, 160, 320}ms for FDD and TDD config 1-5, and the possible length of the bitmap is {4, 8, 12, 16, 30, 40, 42}. In each PSCCH period, after obtaining the SCI from PSCCH with a  Group destination ID the UE is monitoring, the UE shall monitor PSSCH in the scheduled subframes within the PSSCH subframe pool. 
For ProSe Direct Communication Mode 1, all the remaining subframes after the last subframe of PSCCH subframe pool form the PSSCH subframe pool, and subframe scheduling in SCI is represented by a time repetition pattern for transmission (T-RPT) index. The index corresponds to a length-8 bitmap for FDD, where the 1s in the bitmap indicate the scheduled subframes. 
Figure 1 shows an example of Prose Direct Communication reception with Mode 1, and it can be seen that the reception is quite frequent (at least every 8ms) if SCI is received at the beginning of the PSCCH period. One case where additional interruption would be feasible and beneficial is the miss of PSCCH or if no received PSCCH includes a SCI with a Group destination ID which the UE is monitoring, since UE could switch off the dedicated receiver chain after the PSCCH subframe pool and till the end of the PSCCH period.   

Figure 1: Example of Prose Direct Communication reception with Mode 1
For ProSe Direct Communication Mode 2, the PSSCH subframe pool is determined by an offset from the beginning of the PSCCH period (mode2DataOffset) and a bitmap (Mode2DataSubframeBitmap). The index corresponds to a length-8 bitmap for FDD, where the 1s in the bitmap indicate the scheduled subframes. The subframe scheduling in SCI is represented by the T-RPT index, similar as that for Mode 1.
Figure 2 shows an example of Prose Direct Communication reception with Mode 2, and it can be seen that the reception can be discontinuous, depending on the configuration of DataSubframe bitmap and the setting of T-RPT bitmap in the SCI. In certain cases, the PSSCH can be scheduled very sparsely, e.g. the two PSSCH subframes can be separated by 160ms.    

Figure 2: Example of Prose Direct Communication reception with Mode 2
Based on above analysis, we can find that
Observation 1: For ProSe Direct Communication Mode 1, power saving benefits can be seen in the case of PSCCH missing.
Observation 2: For ProSe Direct Communication Mode 2, power saving benefits can be seen in the case where PSSCH is scheduled in a sparse manner.
2.1.2 System impacts
The exact gain in terms of power saving is depending on UE implementation, but it is obvious that the sparser D2D reception is, the more power saving can be achieved.
On the other hand, the system impacts due to interruption have been analyzed thoroughly during the study of Rel-11 CA SCell measurement. From system performance point of view, interruptions, in particular those with unknow time domain location (e.g. those casued due to measurement on SCC with deactivated SCell) should be limited as much as possible. Therefore we think RAN4 shoud decide if additional interruption requirements are needed considering the significance of cases where power saving benefits can be achieved. 
Proposal 2: For Connected mode, RAN4 shoud decide if additional interruption requirements for ProSe Direct Communication are needed considering the typicality of cases where power saving benefits can be achieved.
If RAN4 decide to specify additional interruption requirements for better UE power saving, we think it is straightforward to re-use the solution for Rel-11 CA, i.e. network can control the tradeoff between power saving and overall system performance by allowing or disallowing the interruption, while the interruption rate should be limited in specification (exact value TBD). This solution can be a common solution 
· for both Mode 1 and Mode 2, 
· for all cases where power saving benefits can be achieved (e.g. PSCCH missing and sparse scheduling),
· for any number of the configured resource pools for ProSe Direct Communication reception.
Proposal 3: Rel-11 CA solution should be re-used if RAN4 are going to specify additional interruption requiremrents for ProSe Direct Communication.
3 [bookmark: _GoBack]Conclusions 
This paper analyzes the current interruption requirements for ProSe Direct Communication, and in particular for Connected mode, we investigate the UE reception behaviour and identify the cases where power saving benefit can be achieved by defining additional interruption requirements. We also provide our preference on the possible interruption requiremrents. Specifically, the observations and proposals are as follows.
Proposal 1: No need to introduce additional interruption requirements for Idle mode for ProSe Direct Communication.
Observation 1: For ProSe Direct Communication Mode 1, power saving benefits can be seen in the case of PSCCH missing.
Observation 2: For ProSe Direct Communication Mode 2, power saving benefits can be seen in the case where PSSCH is scheduled in a sparse manner.
Proposal 2: For Connected mode, RAN4 shoud decide if additional interruption requirements for ProSe Direct Communication are needed considering the typicality of cases where power saving benefits can be achieved.
Proposal 3: Rel-11 CA solution should be re-used if RAN4 are going to specify additional interruption requiremrents for ProSe Direct Communication.
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