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1. Introduction
In RAN#70, work item on support for V2V services based on LTE sidelink has been agreed [1]. The work item description is revised in RAN#71 [2]. Enhancement on sidelink resource allocation is included in the WI objective:
3)
To identify what are necessary sidelink resource allocation enhancement option(s) among the ones captured in TR 36.885 for V2V services and specify the identified option(s)
In TR 36.885 [3], the following agreement on resource pool and scheduling agreement is made:
· Resource pool

· The concept of resource pool is introduced at least for the purpose of study.

· Resource pool is a set of time/frequency resources where PC5 transmission may occur. Note that Rel-12 D2D communication mode 1 uses all the time/frequency resources as data pool. 

· FFS whether Rel-12 resource pool configuration is reused for PC5-based V2V.

· FFS the number of resource pools configured for a UE

· The need for defining multiple resource pools should be justified.

· FFS whether the number of SA pools can be different from the number of data pools and, if can, FFS whether multiple SA pools can be associated with the same data pool.
In this contribution, we will discuss possible enhancement of resource pool for PC5 based V2V communications.

2. Resource pools

The concept of resource pool is important for V2x communications. Multiple and different resource pools may be configured for V2V, V2P, V2I and V2N communications, as they may have different service requirement and traffic characteristics. Although the work item objective is mainly for V2V communication, this work should consider extension to V2I/V2P [1]. Even for V2V communication only, different resource pool configurations are useful to support various V2V communication use cases. For example, different resource pools can be configured for periodic traffic and event triggered traffic, for vehicle UEs with different service priority, and/or for safety and non-safety services. Finally and most importantly, the concept of resource pool is essential when V2x communication shares the spectrum with WAN communication. The network needs to distinguish the resource used for V2x autonomous resource selection to protect the legacy UE WAN traffic. Therefore, we propose:
Proposal 1: Resource pool concept should be kept for V2x communications.
There may be various reasons for configuring multiple resource pools for a UE:
1) Different use cases

From TR 22.885 [4], the following service requirements are needed:

[PR.5.20.5-001] The 3GPP network shall be able to provide means to prioritize V2X Service message transmission for a UE supporting V2X serving specific purpose (e.g. ambulance or patrol car on duty).

[PR.5.20.5-002] The 3GPP network shall be able to provide means to prioritize transmission of V2X Service message according to its type (e.g. whether road safety related message or not).
Therefore, differentiation of radio transmission characteristics of V2V services according to different UEs or different message types may be necessary. Similar as Rel-12/13 D2D, multiple resource pools can be an efficient solution for V2V service prioritization.
Furthermore, considering extensions to V2I/V2P, different resource pools may be configured for different type of V2x communications as they may have different traffic characteristics and latency/range/reliability requirement.

2) Different resource allocation/selection

In Rel-12 D2D, different resource pool configurations are used for Mode 1 and Mode 2 resource allocation. The reason is to avoid the interference from unpredictable Mode 2 data transmission to Mode 1 data transmission. For the similar reason, different data resource pool could be configured for eNB scheduling and UE autonomous resource selection V2V communication. Additional resource allocation options are being discussed for V2X operation, i.e., SPS and sensing. SPS resource allocation is beneficial for periodic traffic and non-SPS resource allocation is necessary for event-triggered traffic. Sensing resource allocation is important solution for collision avoidance. Although necessity of non-sensing resource allocation is not clear for V2V operation, several use case of non-sensing resource allocation is considered for V2I and V2P.
If such resource allocation option can be enabled/disabled by configuration, more resource pool can be required to avoid performance degradation due to co-existence. Therefore enhancements to support shared resource pool among different resource allocation options needs to be considered. 

Observation 1: Enhancements to support shared resource pool among different resource allocation options needs to be considered.
For each sharing options, following enhancement is considered.

· Shared resource pool between mode 1 and mode 2: 

· Supporting shared resource pool is possible
· If the UE requesting resource allocation reports its sensing results, resource collision between mode 1 and mode 2 can be handled by eNB. 
· Shared resource pool between SPS and non-SPS
· Supporting shared resource pool is possible

· For sensing based resource allocation, SPS traffic and non-SPS traffic should be identified by other UEs, e.g., by reservation indicator in SA. SA associated with non-SPS traffic shall be ignored in the sensing based resource allocation.
· Shared resource pool between sensing based resource allocation and random resource allocation
· Separate resource pool is beneficial

· UE with random resource allocation is prioritized to sensing based resource allocation and performance gain of sensing based resource allocation will be degraded due to collision from non-sensing UEs. 

3) Data traffic characteristics
The data traffic for V2V communication can be periodic or event triggered. Different resource pools may be configured for the two types of data traffic due to their different characteristics. 
Although various reasons exist, configuring many resource pools for a UE may increase the signaling cost. In addition, some resource partition may be based on different carriers other than different resource pools. Further discussion and investigation may be needed to decide how many resource pools can be configured for a UE. 
3. SA period

In Rel-12 D2D, SA period is defined because SA resource is semi-persistently allocated. For V2V communication, SA period could still be defined as the period of semi-persistent resource pool for SA transmission. If there is multiple TDMed resource pools, the definition of SA period would be helpful. 

As vehicle UE has the same half duplex constraints as D2D UE, SA retransmission to avoid half duplex problem may still be needed. If SA retransmission is supported, Rel-12 SA hopping rule should be considered to be reused as it can provide good performance to resolve half duplex. However, for FDMed SA and data resource pool, SA resource pool may expand the whole duration of SA period. The SA hopping pattern of Rel-12 D2D may cause very long latency between SA transmission and SA re-transmission, which in turn prolongs the data transmission latency and may increase buffer cost for combining. Therefore, if SA retransmission is supported, the hopping rule of SA can be revised by allowing SA retransmission across SA periods, as shown in Figure 1. The retransmission of SA can occur on the same position of the next SA period. The latency between two SA transmissions will be greatly reduced. 

Reducing SA period can also reduce the time interval between SA transmission and retransmission. However, generally for Rel-12 SA hopping rule, SA resource pool should have Nt > Nf to make sure that half duplex can be resolved (where Nt and Nf are num. of logic SA positions in time and freq. domain respectively). Extending the Rel-12 SA hopping rule can reduce the timing interval between SA transmissions below Nf/2, while reducing SA period can only reduce the time interval between SA transmissions below Nt.  Therefore, extending SA hopping rule is more preferred. 

[image: image2.png]Nf/2

Nf/2+

SA period n

Rel-12 D2D

Nf/2

Nf/2+

SA period n

SA period n+1

Exten

ded





Figure 1 Extended SA hopping rule to support cross SA period transmission

Observation 2: Rel-12 SA hopping rule can be extended to allow SA retransmission across SA periods if SA retransmission is supported to solve half duplex problem.
4. Conclusion
In this contribution, we have discussed the resource pool concept, and multiplexing of SA and data resource. Based on the discussion, we propose:
· Proposal 1: Resource pool concept should be kept for V2x communications.
· Observation 1: Enhancements to support shared resource pool among different resource allocation options needs to be considered.
· Observation 2: Rel-12 SA hopping rule can be extended to allow SA retransmission across SA periods if SA retransmission is supported to solve half duplex problem.
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