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Introduction
In the last meeting the following agreements regarding the relationship between SA and its associated data was achieved [1]:
Agreements:
· 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
In this contribution we will discuss the necessary resource pool design to support the SA and data transmission schemes.
Support of different service priorities
The latency and reliability requirement of V2V use cases are dramatically increased in contrast with D2D communication. As per the requirement defined by SA1 [2], the latency requirement for Pre-crash sensing warning use case is 20ms, which is the most stringent latency requirement for V2V message. So at least for this service, transmission SA and associated data on same subframe should be supported. On the other hand, we also observe that option 2 can support soft combining for SA decoding which can simplify the receiver. For the majority V2V use cases, the latency requirement is 100 ms, which can be supported even with option 2. From that sense, we prefer to support both option 1 and option 2 for V2V, the former for the use case with low latency requirement (20 ms), and the latter for the other use cases defined in the TR [2,3]. 
Proposal 1: Both Option 1 (Transmission of SA and its associated data on same subframe) and Option 2 (Each SA transmission precedes all of its associated data transmissions) should be supported for V2V.
From resource pool design point of view, we have two options:
· Dedicated resource pools
· Shared resource pools
Dedicated Resource Pools
It is expected that different types of V2V messages will be transmitted with option 1 and option 2. The priority of the messages may also not be equal, e.g. DENM messages for event-triggered service (which can be transmitted with option 1) should be prioritized over that for periodic service and also potentially received with higher reliability and lower probability of collisions. Configuring dedicated resource pools is one approach which can be considered to support multiple priorities for event-triggered and periodic traffic. This is shown in Figure 1 below where multiple pools are configured for different traffic types (as well as possibly shared/common pools) with different periodicities, which are TDMed or FDMed with one another. 
[bookmark: OLE_LINK30]The size of resource pool for event-triggered service can be smaller than the resource pool for periodic services, as the amount of vehicles encountering the triggering event and the probability of triggering is expected to be small. Meanwhile, the periodicity of the resource pool for event triggered service has to be very short, since event-triggered service usually has more stringent latency requirements. A common or shared pool could be utilized by multiple traffic types to allow efficient utilization of the resources, depending on variable traffic load. 


Figure 1 Configuration of multiple FDM/TDM resource pools.
Dedicated resource pool can provide high reliability for use cases with high priority; furthermore, this solution is similar as PPP (Per-Packet Priority) mechanism defined in Rel-13, hence some configuration signaling from Rel-13 design can be reused. However, the issue of resource fragmentation with dedicated resource pools was discussed in the last meeting [5], which may be valid when there are insufficient resources, as the traffic of on V2V service is very dynamic and the resource pool size cannot adapt with the traffic, the resource efficiency in a pool is low.
Observation 1: Dedicated resource pools can meet reliability requirements for event-triggered DENM messages;  however the impact on resource fragmentation and efficiency should also be considered, in case of insufficient resources.

Proposal 2 : Dedicated resource pools should be preferred, at least for DENM messages, in order to provide high reliability, if sufficient resources exist. 
Shared Resource Pool
There may be cases when there are insufficient frequency resources where dedicated pools may not be available. In such cases, methods need to be considered where pools can be shared, for example, between periodic and aperiodic traffic or between Mode 1 and Mode 2 devices. This is shown in Figure 2, where the periodic/aperiodic traffic allocation occurs within same shared pool. In each subframe of the resource pool, the resources available for UEs are defined as a list of frequency resources.  The resources can be utilized in an ordered list. For example, for periodic traffic, the allocation can use resource #1 before using resource #2 and so on. For DENM messages, the allocation shall use resource #N before using #N-1 and so on.  This allows for greater flexibility in the pool allocation while minimizing pool fragmentation. The resource pool could be semi-statically partitioned by the eNB. The periodic traffic is allocated from one direction up to resource #P. However, to use the resources from #P+1 that are allocated for aperiodic traffic, there is a criteria associated to use the other region(s). For example, in order to use the resources from #P+1 to #N, the UE with periodic traffic has to first ensure resources of its region are fully used and then reduce its power when using resources from other regions. Thus, the probability of periodic traffic transmission impacting the aperiodic traffic transmission is reduced. On the other hand, the only criterion for aperiodic traffic to use the periodic traffic region is to ensure its resources are fully utilized. This is to ensure the reliability of DENM message transmissions. 
Observation 2: Shared resource pool can improve resource pool efficiency – however, the impact on event-triggered DENM message reliability should be considered. 


Figure 2 Shared resource pool with semi-static partitioning
Another option is to configure some reserved SA and data resources in the resource pool for event-triggered services as shown in Figure 3. Since the probability of occurrence of event triggered service is low, the reserved resources are not often used by the targeted services. For this purpose, selection criteria can be defined to use these reserved resources. For example, power restriction can be configured for the reserved resources, i.e. in only the vehicles whose transmission power (determined according to some power control rules [4]) is lower than the configured threshold are allowed to select the reserved resources.  


Figure 3 Shared resource pool with reserved resources for DENM messages
Proposal 3: Shared resource pools can be considered, with semi-static partitioning of resources within shared pool. Selection criteria need to be defined for UEs to use other regions of shared pool. 

Issues on FDM SA and data transmissions
While FDM of SA and data within sub-frame is useful for meeting latency requirements, there are still cases where TDM of SA and data can be beneficial.
(1)   There may not be sufficient resources in frequency domain to share SA and data in the same subframe for large number of users.
(2) [bookmark: _GoBack]Since the CAM message data can have variable size, it is possible that the resources used in the frequency domain are not fixed. If this is the case, the total power distribution between SA and data needs to be considered. The communication range (coverage) of SA/data can then be impacted due to transmit power variations. This issue has also been discussed in [6]. 
(3) One of the issues for TDM of SA and data within a subframe was that there is not enough DMRS to provide accurate channel estimation for SA. However, given that RAN1 agreed to increase DMRS density, there can be enough DMRS symbols to do channel estimation for SA within a slot, for example. The slot SA can schedule UEs across multiple slots. The TDM scheme, as shown in Figure 4, can be considered as a finer granularity version of Rel-13 D2D resource pool design. 



Figure 4  TDM within sub-frame (1 slot TDM)

Proposal  4:  Consider 1-slot TDM of SA and data within sub-frame to provide more flexible resource allocation and SA coverage. 
Conclusions
In this contribution, we discussed necessary resource pool design to support the SA and data transmission schemes, we have following observations and proposals:
Observation 1: Dedicated resource pools can meet reliability requirements for event-triggered DENM messages;  however the impact on resource fragmentation and efficiency should also be considered, in case of insufficient resources.
Observation 2: Shared resource pool can improve resource pool efficiency – however, the impact on event-triggered DENM message reliability should be considered. 
Proposal 1: Both Option 1 (Transmission of SA and its associated data on same subframe) and Option 2 (Each SA transmission precedes all of its associated data transmissions) should be supported for V2V.
Proposal 2 : Dedicated resource pools should be preferred, at least for DENM messages, in order to provide high reliability, if sufficient resources exist. 
Proposal 3: Shared resource pools can be considered, with semi-static partitioning of resources within shared pool. Selection criteria need to be defined for UEs to use other regions of shared pool. 
Proposal  4:  Consider 1-slot TDM of SA and data within sub-frame to provide more flexible resource allocation and SA coverage. 
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