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1 Introduction
In RAN 1 #84 meeting, semi-persistent scheduling for V2V resource allocation is discussed, and some agreements are achieved as follows [1]:

· Sensing with semi-persistent transmission is supported

· UE transmits PSSCH (when data is available) on a selected set of periodically occurring resources until a resource reselection occurs

· Other details are FFS

· Sets of resources among which a UE selects can be restricted based on the geo information of the UE

· For  sidelink V2V communication mode-1, sidelink semi-persistent scheduling from the eNB is supported

· Sidelink semi-persistent scheduling means that the eNB allocates a set of periodically occurring resources for sidelink SA and data transmission.
· If the UE does not have data to transmit, UE does not transmit PSSCH
· FFS the details of signaling

· Resource allocation/release process FFS, may be different than existing LTE SPS scheme

For both mode 1 and mode 2 may use SPS resource scheme in V2V, and more details should be considered. In this contribution, some analyses about SPS allocation of V2V are discussed.
2 Discussion on V2V SPS
Semi-persistent scheduling resources scheme is appropriate for the V2V services with periodic data update. By using SPS resources assignment, the SPS period is a critical parameter which related to SA and data transmission scheme. 
There are several factors which may have impact on the SPS period used for UE, such as V2V services type, moving speed, location scenario, etc. In order to provide flexible and appropriate SPS resource assignment, different SPS periods should be used in V2V. For LTE SPS allocation, [10,20,32,40,64,80,128,160,320,640]ms are used as SPS period, and for V2V services, the values of SPS period should be further selected  according to the deployment scenarios.
Proposal 1: Multiple SPS period values should be used in V2V, and the period values should be further selected.
Considering the requirements and scenarios with SPS resource assignment, UE should transmit one SA in a SPS period. In contribution [2], one SA indicates one data packet transmissions as the baseline design. In other words, at most one SA and one data packet should be transmitted in a SPS period.
When the data arriving time of a periodic service drifts or some SPS period related factors changes, UE may use few dynamic resources allocation as adjustment. It can even set a new SPS process with a modified SPS period to satisfy higher data traffic volatility.
Proposal 2: At most one SA and one data packet are transmitted in a SPS period for one UE.
2.1 Data indication in SPS
For V2V SPS resource scheduling, the scope of data resources indicated by SA should be limited in a SPS period, which is different from that for D2D. Further, the detail implementation of SA indicating data resources has two ways:
1） SA indicate the corresponding data in same SPS period
2） SA indicate the corresponding data in the next SPS period
As illustrated in Figure 1, the difference between scheme 1) and scheme 2) is that the later one introduces some additional latency between SA and related data transmissions. While for a long term perspective, considering the continuity of SPS transmission, the latency difference of the two ways has few influences on SPS data transmission.
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Figure 1 SA indicates data for same/next SPS period

Proposal 3: SA should indicate corresponding data resources in the same SPS period.
Using SPS resource scheme, transmitting UE needs to end the SPS transmission by some rules and there is no indication for resource release in SA. This leads to several SPS periods resource wasted for void data resources transmission. In order to mitigate the problem, a reservation bit may be used in SA which indicates if the SPS resources of next period are going to be used or not. With the reserved indication, sensing UEs could list the indicated resources as candidate while the reserved bit is negative. It may provide more efficient resource selection.
Proposal 4: Reservation for next SPS period resources should be indicated in SA
2.2 SPS indication within Resource pool
For FDM SA and data resource pool are used in V2V, it makes the resource division between SA and data only at frequency domain. Considering of the identity of all the subframes, there is no need of the resource pool period. Relevant resource pools allocation is discussed in company contribution [3]. For SPS resource assignment, resource pool periodicity may make the indication invalid while a SA assigns related data resources which are in the next resource pool period, as illustrated in Figure 2.
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Figure 2 SPS with periodic resource pool
With non-periodic resource pool, SPS resource scheduling is no longer constrained by period boundary. Based on that, for SPS UEs, any subframe may be used as a start point of a SPS period. 
Proposal 5: No periodicity should be applied for V2V SA and data resource pool.
As UE specific SPS configuration is used, different SPS periods and boundaries are distributed in the non-periodic resource pool. When the conditions changes, such as UE position, speed, services requirement, vehicle density, etc, it may cause correlated modification of SPS resource assignment, in SPS period or with new SPS HARQ process. The SPS assignment may be changed frequently according to actual situation, while the SA/data resource pool are allocated by high layer or be pre-configured. It is difficult to configure SA/data resource pools depending on multiple different SPS periods. Multiple resource pools are not efficient, since. UE can frequently change its transmission resource pools.
Proposal 6: SA/data transmissions with different SPS periods may share the same resource pool.
Proposal 7: Multiple SPS HARQ processes should be supported.
2.3 SPS sensing and reselection
In mode 2 resource scheme, UE should select SA and data resources in available resource pools. For SPS resources selection, it provides more effective resource selection based on sensing. 
There are two sensing ways: energy sensing and SA decoded sensing. The energy sensing needs less standard effort, and provides no effect on resource collision avoidance in SPS scenario. For the later way, sensing UE decodes SAs and obtains the SPS configuration of transmitting UEs, including SPS period, SA and data resources. Based on these information, sensing UE has a precise prediction of the subsequent subframes, and it may be unaltered for several SPS periods, and then resource collision should be avoided. 
Proposal 8: SA decoded sensing should be used for V2V SPS resource selection.
Considering different SPS periods assigned in V2V, the length of sensing window is closely related to the sensing result of candidate resources. As illustrated in Figure 3, with fixed sensing window, the sensing UE decodes SAs of UE 2 and UE 3 which locate within its sensing window. According to decoded SAs, sensing UE get the corresponding SPS period, SA and data resources of them respectively, and the other idle subframes and RBs are listed as candidate resources for sensing UE. While for UE 1, as its SPS period is larger than the length of sensing window, its SA is not detected by sensing UE. And then, resources collision happen if sensing UE selects the subframes used by UE 1.
For the resource collision caused by undetected SA, using larger sensing window inevitably leads to more latency from resource sensing to data transmission. It is unnecessary to use a uniform long sensing window for all V2V UEs, and even it is unacceptable for the UEs with urgent services. Furthermore, when data collision happened, it can be resolved by each other with SA retransmission. Lower priority UE should reselect other resources to avoid the data resource conflict.
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Figure 3 Sensing with different SPS periods
As shown in Figure 3, for those SPS periods short or equal to the length of sensing window, sensing UE can detect all SAs and accordingly choose resources with no collision. For SPS periods large than the sensing window, possible collision may be caused, and we proposed:
Proposal 9: Sensing window should be used for SPS resource selection, and the length of sensing window should be determined.
Another cause for conflict is that more than one sensing UEs choose the same SA resource simultaneously and same SPS period of them are used. Periodically transmitting its SA on the same resource, both of the transmission UEs cannot detect the collision happened.
Probability is low for that same SA resource and SPS period are used by more UEs. But once the collision happened, a UE cannot receive SA and data transmissions from the other one for all periods. In V2V scenario, it may lead to serious consequences. To avoid continual collision caused by using same SA and SPS period, some regular SPS resources reselection mechanism should be used. It needs to set a reselection timer, SA and/or data resources should be reselected when the timer is out. In general, randomized reselection should be used for UEs to make the resource reselection mechanism efficiently.
Proposal 10: SPS reselection should be used in order to avoid unknown SA resource collision.
Proposal 11: The SPS reselection of different UEs should be in unsynchronized manner.
3 SPS indication 
For both mode 1 and mode 2 communication, transmitting UE should indicate its SPS configuration on sidelink. SPS period and reserved bit should be indicated in SA for SPS services, more details in contribution [2].
With mode 1 scheduling, eNB assigns SPS resources for V2V UEs, and the traditional signaling used in LTE SPS should be reused. It uses RRC and DCI signaling respectively for SPS parameter configuration and resources activation/release. 
In RRC signaling, at least these parameters should be assigned:
· V-SPS RNTI;
· SPS period;
· Power control;
In DCI indication, a new DCI format should be used to indicate:
· SPS activation/release, 1 bit, denotes this DCI indicates SPS activation or resource release;

· Resource indication for PSCCH;
· TPC;

· Subframes for PSSCH;

· RB for PSSCH;
· Hopping flag;
Proposal 12: New DCI format is needed for V2V SPS scheduling.
4 Conclusions

In this contribution, we discuss the SPS scheme for V2V. We proposed that:
Proposal 1: Multiple SPS period values should be used in V2V, and the period values should be further selected.

Proposal 2: At most one SA and one data packet are transmitted in a SPS period for one UE.

Proposal 3: SA should indicate corresponding data resources in the same SPS period.

Proposal 4: Reservation for next SPS period resources should be indicated in SA
Proposal 5: No periodicity should be applied for V2V SA and data resource pool.
Proposal 6: SA/data transmissions with different SPS periods may share the same resource pool.

Proposal 7: Multiple SPS HARQ processes should be supported.

Proposal 8: SA decoded sensing should be used for V2V SPS resource selection.
Proposal 9: Sensing window should be used for SPS resource selection, and the length of sensing window should be determined.
Proposal 10: SPS reselection should be used in order to avoid unknown SA resource collision.
Proposal 11: The SPS reselection of different UEs should be in unsynchronized manner.

Proposal 12: New DCI format is needed for V2V SPS scheduling.
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