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1 Introduction
In RAN 1 #84 meeting, agreements of SA and data transmission scheme are achieved as follows [1]:

· SA pool and its associated data pool can be FDMed

· Channel coding and DFT precoding between PSCCH and PSSCH are separated

· Scheduling assignment of PSSCH is transmitted on PSCCH from this UE

· RB size of PSCCH is fixed in the specification.

· FFS contents of PSCCH
· For V2V communication on the PC5 interface:
· Option 1: Transmission of SA and its associated data on same subframe is supported
· This does not preclude SA and its associated data transmission in different subframes
· FFS other details
· Option 2: Each SA transmission precedes all of its associated data transmissions.
· FFS the timing relation between SA and its associated data
· FFS which option(s) to support for which type of traffic/resource allocation
· UE is not required to decode data that are transmitted before the subframe containing the successfully decoded associated SA.
· Further restrictions on number of PSCCH and PSSCH to be decoded in a subframe shall be considered
· Details FFS
Based on FDM SA and data resource pool, two options of SA and data transmission scheme are available. The consideration is correlated with other aspects of V2V signal transmission. In this contribution, some analyses of the above options are discussed.

2 SA and data transmission scheme
Detail analysis of SA resource pool configuration and transmission scheme is presented in [2]. By reusing D2D SA resource pattern, one SA should be transmitted for two times with the certain resources.  According to SA content, initial transmission and retransmission resources of data are indicated.
In D2D communication, TDM SA and data resource pools requires that one SA indicates multiple data packets transmission in a period. For FDM SA and data resource pool are used for V2V, SA could be transmitted in any subframe to indicate the forthcoming data transmissions. Regardless of periodic services or event-triggered services, one data packet transmissions should be indicated by a SA.
Proposal 1: Resources of no more than one data packet transmissions should be assigned in a SA.
2.1 Option 1: SA and data transmitted on same subframe
For option 1, data should be transmitted on same subframes of SA. With different times of data transmission, the associated SA and data resources may be aligned in Figure 1. 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 option 1 in reducing latency, SA should be transmitted with data on every subframe, it may expect more SA resources.
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Figure 1 Option 1: SA and data on same subframes
Option 1 has lowest 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 UE UL transmission, and limits the available power of SA.  SA also needs to be shared with data packet on same subframe. As a physical control signaling, SA contains scheduling information of data transmission.  Limited transmission power will impact correct receiving ratio of SA. Without decoded SA indication, the corresponding data cannot be received.
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. Even while SA initial transmission and retransmission not use the pattern resources, for example randomly selected, it may suffer less half duplex impact than option 2. This is due to UE uses less subframes for SA and data transmission with option 1 than for option 2.
Furthermore, Option 1 makes no flexibility on data subframes selection based on the fixed SA resource pattern. The resource pattern of SA resource pool not only decides the SA initial transmission and retransmission subframe and RB resources, but also the subframes should be used for data transmission. 
The other disadvantage of option 1 is that it may influence data retransmission combination. When receiving UE misses or detects SA initial transmission wrong, it cannot receive the corresponding data initial transmission. And then, the UE may detect the retransmission of SA and data, but no data transmission combination gain can be achieved.
For mode 2 UE selects resources, option 1 may introduce another issue in sensing and resource selection. Since SA and the corresponding data are on same subframe, sensing UE cannot get any other state of data resources on subsequent subframes. With unforeseen data resources condition, sensing UE may randomly select resources and no confliction avoidance could be achieved. A typical example is for emergency services. SA resources for emergency services are reserved as discussed in [2]. UE should use a reserved resource to transmit emergency SA without collision, and transmit data on same subframe. The RBs used for emergency data transmission may be conflicted since there is no previous SA to indicate the data resources are occupied. 
2.2 Option 2: SA transmission precede of data packet
With option 2, UE transmits SA and data on different subframes, and all the data transmissions are after the associated SA, as illustrated in Figure 2.
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Figure 2 Option 2: SA precede of data transmission
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. According to the sensing result, UE knows which subframes and RBs are idle and chooses proper resources for its SA and data transmission. For event-triggered services, or emergency services, option 2 provides more effective resources occupancy and collision avoidance for higher priority services. 
It makes that possible for sensing and decoding SA information previous before data receiving in option 2. First of all, it makes receiving UEs decoding data resource pool with certain indication based on SA detecting result. And data initial transmission and retransmission should be received and combined after related SA is correctly received. Secondly, it may be helpful for the scenario with multiple carriers used for V2V and UE capacity is limited. By previous detected SAs, UE may choose partial data resource to receive, and drop some low priority data.
SA and data scheme option 2 has different characters with option 1. First of all, 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 by using option 2. Secondly, data packet is transmitted later than its SA retransmission. It is no needed to send SA and data packet on same subframe. 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.
It seems that the impact of half duplex may be significant in option 2. But for both mode 1 and mode 2, there are some methods to avoid or immigrate the possible half duplex problem. For mode 1, all the V2V UEs are scheduled by eNB, half duplex collision can be avoided by elaborate scheduling. And for mode 2, before UE selects resources, UE should sensing SA and data resource pools for a while in order to avoid possible resource collision. During sensing and resource selecting process, a large proportion of the half duplex issues should be avoided.
On the other hand, the more unavoidable disadvantage of option 2 is that more latency may be introduced by immoderate data subframe selection. Without any limitation of the subframe interval between SA and the corresponding data, UE may use subframes for data transmission long away from the SA transmission. Then it introduces undesirable latency. To alleviate the possible latency issue, some rules or resource scope should be set up to restrict the largest interval between SA and data, more detail in 2.3.
With the discussion of SA and data transmission scheme option 1 and option 2, the advantages and disadvantages of the two options are listed in Table 1. 
Table 1 Comparison of option 1 and option 2
	Scheme
	Option 1
	Option 2

	Latency
	Zero or several ms
	Depend on  the rule of SA indicate data subframe

	Single-carrier
	No 
	Yes

	Half duplex
	Almost no issues based on SA pattern
	Can be mitigated by scheduling or sensing

	Resource collision
	Cannot be avoided
	Can be avoided by sensing

	Transmission Power
	Shared power of SA and data
	Dependent power of SA and data

	Data resource flexibility
	Low
	High

	Data retransmission combined gain
	May not be combined
	Yes

	Emergency data 

resource avoidance
	No
	Yes


2.3 Simulation
Some evaluation of different SA and data schemes are presented, including:

· SA and data transmitted on same subframe without sensing;
· SA and  data transmitted on same subframe (option 1);
· SA and data transmitted on different subframes (option 2);
Figure 3 illustrated results for freeway 70Km/h scenario, and figure 4 for Urban 60Km/h scenario. 
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Figure 3 PRR for Freeway 70Km/h
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Figure 4 PRR for Urban 60Km/h
From the above simulation results, it can be observed that the general performance is similar for option 1 and option 2, and for short range, option 2 may provide slightly better PRR.
Observation：The performance of option 1 and option 2 have is close.
Based on the discussions above, we proposed:
Proposal 2: We prefer option 2 for V2V SA and data transmission, i.e. SA transmission precedes all of its associated data transmissions.
3 Conclusions

In this contribution, we mainly discuss the SA and data transmission scheme option 1 and option 2, and some related issues. Based on the discussion, we proposed that:
Proposal 1: Resources of no more than one data packet transmissions should be assigned in a SA.
Proposal 2: We prefer option 2 for V2V SA and data transmission, i.e. SA transmission precedes all of its associated data transmissions.
References

[1] RAN1 Chairman’s Notes #84
[2] R1-162410, Discussion on resource pools and resource pattern, ZTE
Appendix
Table 1:  Assumptions for V2V evaluation
	Parameter
	Assumption

	Carrier frequency for PC5
	6 GHz

	Bandwidth
	10 MHz

	Number of carriers
	One carrier

	In-band emission
	{W, X, Y, Z} = {3, 6, 3, 3}

	Antenna height
	1.5 m

	Antenna pattern
	Omni 2D

	Antenna gain
	3 dBi

	Maximum transmit power
	23 dBm

	Number of antennas 
	1 TX and 2 RX antennas. 2 RX antennas are separated by wavelength/2.

	Noise figure
	9 dB

	Absolute vehicle speed
	60 km/h for Urban case.

70 km/h for Freeway case.

	Channel model for V2V
	Referring to TR.36.885

	Number of SA transmission
	2

	Number of data transmission
	2

	Multiplexing of SA and data pool
	FDM

	Number of RBs for SA in per sub-frame
	6

	Traffic model
	One 300-byte message is followed by four 190-byte messages, and the time instance of 300-byte size message generation is randomized among vehicles.

Messages are generated per 100ms.

	Number of RBs for one data transmission
	11 RBs is assumed for 190-byte message.

22 RBs is assumed for 300-byte message.



































