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1 Introduction
In RAN 1 #84bis meeting, agreements of UE sensing and transmitting are achieved as follows [1]:

· If at TTI n resource selection/reselection is triggered in UE autonomous resource selection mode,

· The UE at least senses between TTI n-a and TTI n-b (FFS a and b with a>b>0), where a and b are integers

· Working assumption: The values a and b are common for V2V UEs. 

· UE selects time-frequency resource(s) for PSSCH 

· UE transmits SA in TTI n+c where c is an integer

· FFS whether c is a fixed value (>= 0) or variable.

· In UE autonomous resource selection mode, SA can be transmitted for every TB.

· FFS whether to support transmitting and/or receiving TB without SA

· FFS whether every data (re)transmission for the same TB has the associated SA transmission.
· In UE autonomous resource selection mode,

· UE transmits SA at TTI n+c indicating the associated data which is transmitted at TTI n+d (FFS d with d>=c), where c and d are integers

· UE indicates whether it intends to reuse the frequency resource signaled for transmission at TTI n+d for potential transmission at TTI n+e for another TB (FFS e with d<e), where e is an integer

· FFS whether this indication is implicit or explicit.

· FFS if and how to signal the value for e

· FFS how the UE determines the value for e

· FFS whether e is a single value or can be multiple values

· FFS whether, and if so how, a UE can notify later that it no longer intends to use the resource at TTI n+e.

· FFS how the UE decides to indicate this

· Other details FFS
· The following two cases are supported:

· SA and the associated data are transmitted in the same TTI, 

· SA and the associated data are transmitted in different TTIs

· The scheduling timing between SA and associated data is variable
· In UE-autonomous resource selection mode, the timing is chosen by the transmitting UE from a configurable range
· In eNB-scheduling mode, the timing is determined by eNB
· SA includes information about the scheduling timing

· Note: the association does not necessarily include the case of intention of using the resources for a different TB, if any (which is FFS)

Based on the agreement above, when resource selection/reselection is triggered on subframe n, transmitting UE should do sensing during subframe [n+a, n+b], then transmits SA on subframe n+c, data on subframe n+d, and even reserved next data packet transmission resource on subframe n+e. In this contribution, some analyses of the above process are discussed.
2 Sensing window with subframe [n-a, n-b]
Considering different semi-persistent scheduling (SPS) periods assigned in V2V, the length of sensing window is closely related to the sensing result of candidate resources. As illustrated in Figure 1, with fixed sensing window, the sensing UE decodes scheduling assignment (SAs) of UE 2 and UE 3 which locate within its sensing window. According to decoded SAs, sensing UE gets the corresponding SPS period, SA and data resources of them, and the other idle subframes and RBs are listed as candidate resources for sensing UE, respectively. While for UE 1, as its SPS period is larger than the length of sensing window, its SA is not detected by sensing UE. Such that resources collision may happen if sensing UE selects the subframes used by UE 1.
In order to avoid the resource collision caused by undetected SA, larger sensing window should be used. While the 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. 
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Figure 1: Sensing with different SPS periods

As shown in Figure 1, for those SPS periods short or equal to the length of sensing window, sensing UE can detect SAs and accordingly choose resources with no collision. For SPS periods large than the sensing window, possible collision may be caused. In order to avoid resource selection conflict in maximum, the length of sensing window defined with parameter a and b should be elaborately selected and the values of a and b should be variable according to sensing UE’s requirement on latency, priority, etc, and we proposed:

Proposal 1: The length of sensing window should be variable, i.e. the value of a and b needs no standard definition.
3 SA transmission on subframe n+c
While resource selection/reselection is triggered on subframe n, SA will be transmitted on subframe n+c. Based on the result of SA decoding and energy measurement during sensing window, SA and data resources should be selected. In principle, the selected SA subframe may have arbitrary interval with subframe n, which means the parameter c should be variable. Fixed value of c restrains flexibility of SA resource selection and will lead to an undesirable impact on resource efficiency. Therefore, we propose that the value of c should be decided based on the sensing result and the priority strategy of sensing UE.
Proposal 2: With n+c transmitting timing of SA, the value of c should be a variable.
For the other aspect of SA transmission, such as number of SA transmission, whether SA should be retransmitted, etc, some issues should be clarified and constituting an integrate SA transmission scheme. 
With SPS resource scheme, the SA information indicated by transmitting the UE is most likely the same during several SPS periods and it seems that transmitting UE has not to transmit SA on every SPS period. While from the perspective of the UE without preceding SA information, as the UE gets close to transmitting the UE gradually, or the UE just start listening to the SA resource pool, the absence of SA in a SPS period may lead to corresponding data unfound. 
In order to ensure the availability of SA receiving for all UEs, transmitting UE should transmit SA in every SPS period and we proposed:
Proposal 3: For transmitting UE, SA should be transmitted in every SPS period.

Furthermore, SA retransmission should be used in V2V communication to increase receiving reliability and avoid half-duplex impact. By reusing D2D SA resource pattern, one SA should be transmitted for two times with the certain resources.  

Proposal 4: SA should be retransmitted with fixed resource pattern.

4 Data transmission in subframe n+d

In D2D communication, time division multiplexing (TDM) SA and data resource pools requires that one SA indicates multiple data packets transmission in a period. For frequency division multiplexing (FDM) SA and data resource pool used in V2V, SA could be transmitted in any subframe to indicate the forthcoming data transmissions.

With SPS scheduling, at most one data packet may be transmitted in a SPS period and SA should indicate the data packet transmission/retransmission resources in a period.
Proposal 5: At most one data packet should be transmitted in a SPS period for one UE.

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. Furthermore, 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 2, 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 2: SA indicates data for same/next SPS period

Proposal 6: SA should indicate corresponding data resources in the same SPS period.

4.1 Data transmitting on subframe n+d, d=c
While data packet is transmitted on subframe n+d, and d=c, i.e. SA and data transmission scheme option 1, it means that data should be transmitted on same subframes of SA. With different numbers of data transmission, the associated SA and data resources may be aligned in Figure 3. Data packet of UE 1 is transmitted two times on the subframes of SA initial transmission and retransmission. UE 2’s data packet needs 4 transmissions. As one advantage of this scheme in reducing latency, SA should be transmitted with data on every subframe, which may expect more SA resources.
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Figure 3: data transmitting on subframe n+d, d=c
The most significant advantage of option 1 is low latency. Receiving UEs decodes SA and then get the related data packet on the same subframes. On the other hand, it provides SA for every data transmission. 

In order to multiplex SA and data on same subframe, transmitting UE should use two DFT processes for SA and data independently. It destroys the single-carrier property of the UE UL transmission and limits the available power of SA. 
Based on sidelink SA resource pattern, SA should be transmitted twice. It makes no half duplex problem between SAs, i.e. every UE can receive other UEs’ SA. And data transmission use same subframes with SA in option 1, it means no half duplex issue for data transmission between UEs neither. 

4.2 Data transmitting on subframe n+d, d>c
While data packet is transmitted on subframe n+d, and d>c, i.e. SA and data transmission scheme option 2, it means that UE transmits SA and data on different subframes, and all the data transmissions are after the associated SA, as illustrated in Figure 4.
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Figure 4: data transmitting on subframe n+d, d>c
Based on the timing relationship of SA and data in option 2, it is easy to avoid resource selection collision by sensing. When a UE desires to choose some resources for arrived data, it should sense possible resource pools for a while in order to detect which resources are available. 

For option 2, there is no correlation of SA and data resources, and any possible subframes may be used for data packet transmission with a certain SA. It provides sufficient flexibility for data resource scheduling or selection. It is no needed to send SA and data packet on same subframe and it means that the power headroom for SA and data is independent from transmitting UE’s perspective. Adequate transmission power of SA will provide reliable receiving performance, and benefit data receiving further. 

Besides that, there are some other advantages of option 2. Since SA or data is transmitted on a subframe, it maintains single-carrier character of SC-FDMA signals, and has no influence on UE’s uplink DFT processor.

Proposal 7: Data should be transmitted at subframe n+d, and d>c or d=c should be decided according to transmitting UE requirement in latency and other issues. 
5 Data resource reservation on subframe n+e

With SPS resource scheme, transmitting UE may need to occupy the same SA and data resources for next SPS period in advance and avoiding possible collision, or to end the SPS transmission according to some rules. Without resource reservation indication in SA, it may lead to several SPS periods resource wasted for void data resources transmission when transmitting UE ends the SPS process. 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 [2]. 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 8: Reservation for next SPS period resources should be indicated in SA
6 Conclusions

In this contribution, we mainly discuss the behavior of transmitting UE in SA and data transmissions. Based on the discussion, we proposed that:
Proposal 1: The length of sensing window should be variable, i.e. the value of a and b needs no standard definition.
Proposal 2: With n+c transmitting timing of SA, the value of c should be variable.
Proposal 3: For transmitting UE, SA should be transmitted in every SPS period.

Proposal 4: SA should be retransmitted with fixed resource pattern.

Proposal 5: At most one data packet should be transmitted in a SPS period for one UE.

Proposal 6: SA should indicate corresponding data resources in the same SPS period.

Proposal 7: Data should be transmitted at subframe n+d, and d>c or d=c should be decided according to transmitting UE requirement in latency and other issues. 
Proposal 8: Reservation for next SPS period resources should be indicated in SA
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