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1. Introduction
Resource pool structure and control signaling can be affected by resource allocation mechanism, e.g. sensing based vs. randomization based. In this contribution, we discuss resource structure for sensing based resource allocation and then discuss the case for randomization based resource allocation. The discussion of SA contents will be provided at the end of this document.  
2. Discussions
2.1. Resource pool structure for sensing based resource allocation 
If sensing based resource allocation is applied, control (SA) and data are transmitted together as far as possible, because it is desirable that the data is transmitted before changing UE topology. Also long size of data T-RPT may not be efficient due to similar reason for SA and data, in other words, contiguous transmission can be effective in sensing based resource allocation.  

In sensing based resource allocation, SA pool and data pool are not required to be separated because the data resource of another UE will not be used for the resource of control transmission via sensing. Control may also be sent with data in same subframe, or control may be transmitted separately with data in time. TDMed case (control and data) has the advantage that the control of the link budget can be guaranteed. On the other hand, in the FDMed case (control and data), the resource can be used effectively, and it is also possible to mitigate the half duplex constraint.
Fig. 1 shows an example of resource structure when sensing based resource allocation is applied. It is assumed that each UE transmits control information for transmitted data in its first subframe after reading other UE’s control information within a predetermined window size in order to implement the collision avoidance principle. In this figure, some UE, for example wideband transmission UE (UE #2), transmits control only to ensure the sufficient coverage of control. We note that zero processing delay between window and control transmission is assumed in this figure. Also note that the control information can be transmitted in any subframe, but frequency resource for transmitting control information can be limited in (pre)configured resources to reduce blind decoding complexity of UE.

[image: image1.emf]Control

UE #1 

Data

UE #2 

Data

UE #3 

Data

UE #4 

Data

Time

Frequency

1 SF

Monitoring 

window of UE 

#3

Monitoring 

window of UE 

#4

...

...

Control for 

UE #2


Fig. 1 an example of resource pool structure for sensing based resource allocation 
2.2. Resource pool structure for randomization based resource allocation 
Randomization is a basic principle of rel. 12 D2D, if this principle is adopted for V2V, rel. 12 SA and data pool structure can be re-used with some modification. In order to meet the V2V latency requirement, SA is able to be transmitted at any subframe. To implement this, SA pool can be FDMed with data pool as illustrated in in Fig. 2. The SA period that determines the number of subframes for each SA resource pool should be small not to violate latency requirement. In [2], long SA resource pool size (= 1 sec) proposed, but it is undesirable not only for latency requirement but also for pedestrian UE (P-UE) battery consumption. If long SA pool is configured, P-UE should monitor long time period just for control reception, and it will cause serious battery consumption problem for P-UE. For less latency and better battery consumption of P-UE, shorter SA resource size should be applied for V2V resource pool structure, for example 10 msec SA pool can be considered. 
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Fig. 2 an example of SA and Data pool structure for randomization based resource allocation
Rel. 13 PPP (per packet priority) can be applied to PC5 based V2V operation. For example, event triggered message or periodic message with security overhead has higher priority than periodic message without security overhead. PPP can be also useful to avoid resource fragmentation. When resource allocation is performed by UEs, it is desirable that a large size message is first allocated and then small size message is assigned to the empty resources later. To do this, SA pool for large size message can be configured before SA pool for small size message. In other words, multiple SA pools may be associated with data pool, i.e., there is many-to-one mapping between SA pool and data pool. To implement this, two methods can be considered; 1) each SA indicates resource allocation for multiple data pools. 2) SA pool and data pool have 1:1 relation but each SA pool can be partitioned to multiple sub-pools. Fig. 3 illustrates an example of resource allocation based on discussion. In this figure, if a UE to transmit periodic message detects an SA in event triggered SA pool, the UE can select its time frequency resource excluding the scheduled resource by event triggered message. In a sense, some benefit of the sensing-based resource allocation can be exploited in the many-to-one mapping between SA pool and data pool.
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Fig. 3 an example of resource allocation for PPP associated SA pool
As discussed in [3], large size T-RPT is beneficial for enhanced randomization. In rel. 12 operation, same T-RPT is repeated within a SA period. To make more T-RPT patterns, T-RPT hopping can be considered. If T-RPT index is randomly hopped not simply repeated, and can create a more patterns. Let us consider N=8 and k=1 T-RPTs. There are 8 patterns. However, if random hopping is applied for 4 times, 4096 patterns can be made. To reduce signaling overhead, T-RPT hopping pattern can be based on SA ID. 
Observation 1: Resource pool structure can be dependent on resource allocation scheme. 
Proposal 1: For T-RPT randomization, T-RPT hopping can be supported. 

2.3. SA contents  
It is preferable to re-design PSSCH contents since there is unnecessary or inefficient field for PC5 based V2V operation. 
· Frequency resource allocation: Existing frequency resource allocation field indicates resource allocation in RB unit, but since PC5 based V2V has limited number of message sizes, sub-channelization may be performed for resource allocation. For example, if there is 50RBs for system bandwidth that can be divided into five subchannels, RA bits can be reduced to ceil (log2 (5 * 6/2)) = 4bits. 
· TA: TA does not seem necessary at least in some operation scenarios, e.g., in an ITS-dedicated carrier where no LTE network is deployed. In particular, for the case of using GNSS timing, even for the mode 1, TA will not be used. Therefore, it should be possible to exclude the TA field in some V2X operation scenarios. 
· ID: ID is an existing group destination ID is not required if V2V operation is broadcast and safety purpose. However, since ID is being used to generate the scrambling sequence and DMRS sequence of data, it is necessary for ID to be included for randomization. 
· T-RPT: T-RPT may be introduced if the resource allocation scheme based on randomization. If sensing based resource allocation is applied, T-RPT may not be used and contiguous transmission can be used. 
· Retransmission number: Retransmission number may be different, depending on the message type and configure resource pool, it can be signaled by the SA. 
· MCS: MCS field is necessary.

· Reserved bits for future release: CIF field can be considered. If multi carrier operation is supported, the carrier frequency transmitting SA can be different with carrier frequency transmitting data.  Some of reserved bits for other purpose can be considered.  
· CRC: 8bits CRC field can be considered to reduce SA information bit size and to ensure link quality. 
As a result, SA contents can vary widely according to resource allocation method and resource pool structure. The contents and RB size of SA should be re-designed in consideration of the coverage of the SA carefully. As a minimum possible SA size, we can consider 30 bits in 10 MHz system bandwidth by the following bit allocation:
· Frequency resource allocation: 4 bits

· ID: 8 bits

· Retransmission number: 2 bits
· MCS: 5 bits

· Reserved bits: 3 bits

· CRC: 8 bits

Proposal 2: It is preferable to re-design PSSCH contents for PC5 based V2V.
3. Conclusion
This contribution discussed resource pool structure and control signaling for PC5-based V2V. Based on the discussions, the following observation and proposals were made:

Observation 1: Resource pool structure can be dependent on resource allocation scheme. 

Proposal 1: For T-RPT randomization, T-RPT hopping can be supported.
Proposal 2: It is preferable to re-design PSSCH contents for PC5 based V2V.
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