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Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]A new study item aiming at enhancing existing LTE to support V2X services was agreed in RAN#68. For support of PC5 transport for V2X services, the SI at least including the following objectives [1]:
a) Identify necessary enhancements (e.g. of potential enhancements: mitigate impact of half duplex constraint, reduce resource collision, enhance pool structure, enhance resource patterns, SA information transmitted in same subframe as the associated data) to the resource allocation mechanism to meet identified requirements for robustness, latency, overhead and capacity [RAN1]
b) Identify any necessary PC5 enhancements for high Doppler case (e.g. up to 280 km/h up to 6 GHz) such as enhanced DMRS, and also synchronization based on GNSS at least for out of coverage operation.[RAN1]
Furthermore, it is a consensus that the identified options/enhancements should reuse the existing features of LTE as much as possible.  
In this contribution, we will analyze the half duplex constraint (HDC) of the sidelink channels defined in Rel-12 D2D and identify the necessary enhancement to support requirements of V2X services.
Discussion
There are 4 physical sidelink channels defined in Rel-12 D2D, PSBCH, PSCCH, PSDCH and PSSCH. Except PSBCH which is transmitted in SFN manner, all the other 3 channels are suffering from HDC. HDC has to be solved by time domain hopping. For PSCCH and PSSCH in Rel-12 all subframes within the resource pool are used for performing time domain hopping.  For PSDCH, the time domain hopping is performed across discovery periods. The time needed to resolve HDC can be affected by the length of resource pool or the discovery period.
[bookmark: _GoBack]Impact of HDC is acceptable in Rel-12 D2D because the number of transmitters is quite limited (typically 3 sessions per cell and one transmitter per session). However in V2X scenario, the density of vehicles is much higher (may be up 120 cars per km), and most of V2X services need to be supported with periodic broadcasting/multicasting manner. The combination of these factors can increase the number of transmitters dramatically. Moreover, the V2X services have more stringent latency requirement in contrast to Rel-12 D2D communication and discovery, which requires HDC to be solved with much shorter time. So it is necessary to reevaluate the half duplex issue of the existing sidelink channels with V2X requirement as a benchmark.
The discussion of this paper is targeting at centralized transmission modes, e.g. communication mode 1 and discovery type 2 in Rel-12. For distributed transmission modes, resource collision issue could be much more critical and this will be covered by our companion contribution [2].
2.1 PSCCH
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]The resource pattern defined for PSCCH consists of two PRBs. Here the time location of the first PRB is determined by the resource index and the time location of the second PRB is derived from a time shift based on the time location of the first PRB, the time shift value is determined by the frequency location of the first PRB. This hopping rule is formulated as   in [3], where  is the time location of the second PRB,  is the resource index of the resource pattern,  is the size of PSCCH resource pool in time domain, and  is the frequency location of the first PRB. The resource pattern is illustrated in Fig. 1 with  and, where  is the resource pool size in frequency domain. It can be seen from Fig. 1 that the resource pattern can solve HDC for most cases, however there are resource patterns of which PRBs always occur in the same subframe (e.g. pattern 0 and pattern 12).


Figure 1 Resource pattern of PSCCH with 
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]In general, the performance of the resource pattern for PSCCH on half duplex resolution depends on the time-frequency sizes of the PSCCH resource pool. It can be ensured that there is no HDC between any resource patterns within the resource pool if the size of the resource pool in frequency domain is less than that of time domain, i.e.  , otherwise HDC is inevitable. 
The most significant functionality of PSCCH is to indicate the time-frequency resources and MCS used by the associated data.. However, if existing PSCCH is reused in V2X, enhancement to eliminate HDC is necessary. One option is restricting the resource pool configuration for PSCCH to ensure. However, it needs to expand the resource pool in time domain to accommodate large number of V2X devices which may lead to the increment of V2X communication delay. Another option is redesign the PSCCH resource pattern, e.g. SA is transmitted in the same subframe as the associated data and follows the same Time Resource Pattern used by the associated data.
Observation 1: The existing PSCCH resource pattern cannot solve HDC completely in case of , enhancement is necessary if it used for V2X communication.
2.2 PSDCH
HDC of PSDCH is mitigated through a resource hopping pattern designed based on time-frequency shifting. Theoretically, the resource hopping pattern can solve HDC completely with times of hopping (within  discovery periods) if  [4] [5].  So, it needs two discovery periods to eliminate HDC as long as  is greater than 1, and 3 discovery periods are needed if. 
The minimum discovery periodicity defined in Rel-12 is 320ms which means up to 620ms is needed to eliminate HDC. Even though the supportable discovery periodicities for public safety and relay discovery are expanded in last RAN1 meeting, it cannot eliminate HDC within less than 100ms in case of  [6]. So, considering the latency requirement of V2X services, if PSDCH-like transmission scheme is proved beneficial for V2X transmission, introducing additional shorter transmission periodicities or restrict the resource pool configuration (i.e.) can be considered.
Observation 2: If existing PSDCH is reused for V2X data or control transmission, introducing additional shorter transmission periodicities or restrict the resource pool configuration is needed.
2.2 PSSCH
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]In Rel-12 the HDC for PSSCH is addressed with Time Resource Pattern. TRP is indicated with a length bitmap, the bitmap is repeated to occupy entire data resource pool. Then from the beginning of the TRP, every 4 “ones” indicates subframes for transmission of one MAC PDU.
Up to 128 TRPs are defined in in Rel-12[3], among which there is no HDC between any two TRPs indicated with bitmaps that contain same number of “ones” (i.e. ), however there may be HDC between TRPs indicated with different bitmaps . As exemplified in the Fig. 2, the subframes for MAC PDU transmission indicated by TRP 8/9/10 are exactly a subset of the subframes indicated by TRP 36/39/40. If TRPs defined in Rel-12 are reused for V2X services, eNB has to ensure that in a given resource pool TRPs assigned to different vehicles are not half duplex constrained.
In addition, as PSSCH always needs 4 transmissions to eliminate HDC, the time that the 4 transmissions take may go beyond 100ms in sparse resource pools. E.g. in TDD configuration#2 and one subframe per radio frame is configured to resource pool, if  of used TRP is 2, then 4 transmissions may occupy up to 160ms. From this point of view, it is necessary to specify resource pool configurations and corresponding usable TRPs for supporting of V2X services.
[image: ]
Figure 2 HDC between TRPs
Observation 3:In order to eliminate HDC and meanwhile guarantee the latency requirement, it is necessary to specify resource pool configurations and corresponding usable TRPs for supporting of V2X services.
Conclusions
In this contribution we analyzed half duplex issue of the existing sidelink channels with V2X requirement as a benchmark, and following observations are made.
Observation 1: The existing PSCCH resource pattern cannot solve HDC completely in case of , enhancement is necessary if it used for V2X communication.
Observation 2: If existing PSDCH is reused for V2X data or control transmission, introducing additional shorter transmission periodicities or restrict the resource pool configuration is needed..
Observation 3:In order to eliminate HDC and meanwhile guarantee the latency requirement, it is necessary to specify resource pool configurations and corresponding usable TRPs for supporting of V2X services.
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8  2  1  1  0  0  0  0  0  0  1  1  0  0  0  0  0  0  

9  2  1  0  1  0  0  0  0  0  1  0  1  0  0  0  0  0  

10  2  0  1  1  0  0  0  0  0  0  1  1  0  0  0  0  0  

36  4  1  1  1  1  0  0  0  0  1  1  1  1  0  0  0  0  

39  4  1  0  1  1  1  0  0  0  1  0  1  1  1  0  0  0  

40  4  0  1  1  1  1  0  0  0  0  1  1  1  1  0  0  0  
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