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1. Introduction
In 3GPP TSG RAN Meeting #75, the WI on 3GPP V2X phase 2 was endorsed with following objectives related to RAN1[1]:
1. Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]

a) Carrier aggregation (up to 8 PC5 carriers);

b) 64QAM;

c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;

This contribution will discuss the modification that is needed to support resource pool sharing between UEs using mode 3 and mode 4. The solutions for other objectives are discussed in our companion contributions [2] [3] [4]. 

2. Discussion
In Release 14 LTE-V2X, a resource pool for UEs using mode 3 is dedicatedly allocated by eNB which can avoid collision events for resource allocation to other UEs using mode 3. In addition, resource pools of mode 3 and mode 4 are independently configured where they come from explicitly different resource pools. In this point of view, resource collision events may occur by introducing the resource pool sharing between mode 3 UEs and mode 4 UEs and we need solutions to harness (or mitigate) merits (or potential negative impacts) of resource pool sharing.
In the 3GPP Release 14 LTE systems, on the other hand, the study item “Study on latency reduction techniques for LTE [2]” was issued to capture the multiple components contributing to the total end to end latency for connected UEs. On the perspectives of UL latency reduction, it is beneficial to allow UEs to skip (most) dynamic and configured uplink grants if no data is available for transmission. By preventing frequent UL grants, allowing skipping UL grants may decrease UL interference and improve UE battery efficiency. The eNB may enable skipping UL grants by RRC dedicated signaling.
For satisfying the latency requirements of eV2X [6], shorter SPS periodicity should be considered in Release 15 LTE-V2X (e.g., 10 ms end-to-end latency). In this context, sidelink SPS grants can be also abused by shorter SPS periodicity. In current specification, however, there is no additional UE reporting after UEs using mode 3 obtain sidelink SPS grants by the RRC signaling, i.e., UEAssistanceInformation until sidelink SPS grants are explicitly released by PDCCH (DCI format 5A).
The sidelink grant acquisition procedures for UEs using mode 3 are explained below. (referred by TS 36.321 [7])
Sidelink grants are selected as follows for V2X sidelink communication:

-
if the MAC entity is configured to receive a sidelink grant dynamically on the PDCCH and data is available in STCH, the MAC entity shall: (mode 3 Dynamic Scheduled UE)
-
use the received sidelink grant to determine the number of HARQ retransmissions and the set of subframes in which transmission of SCI and SL-SCH occur according to subclause 14.2.1 and 14.1.1.4A of [2];

-
consider the received sidelink grant to be a configured sidelink grant;

-
if the MAC entity is configured by upper layers to receive a sidelink grant on the PDCCH addressed to SL Semi-Persistent Scheduling V-RNTI, the MAC entity shall for each SL SPS configuration: (mode 3 SPS UE)
-
if PDCCH contents indicate SPS activation:

-
use the received sidelink grant to determine the number of HARQ retransmissions and the set of subframes in which transmission of SCI and SL-SCH occur according to subclause 14.2.1 and 14.1.1.4A of [2];

-
consider the received sidelink grant to be a configured sidelink grant;

-
if PDCCH contents indicate SPS release:

-
clear the corresponding configured sidelink grant;
We think the SPS procedure of uplink and sidelink are currently different due to the unicasting nature of uplink transmission to dedicated eNB and the broadcasting nature of sidelink (PC5) transmission. For enhancements of LTE- V2X, more various services not only broadcasting safety messages but also unicast transmission for a dedicated (V-)UE need to be supported. Therefore, we need to consider the functionalities for skipping sidelink grants with shorter SPS periodicity and the way for shared resource pool usage mode 3 and mode 4 UEs with respect to V2X latency reduction.
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2.1. Sidelink SPS grant skipping for UEs using mode 3
For the UEs using mode 3 with SPS scheduling, for sidelink (SL) systems, the SPS resources are UE specific and may be reserved (configured and active) for a longer period in time. As such, for further sidelink SPS processes, it is in some cases considered useful for the eNB to be timely aligned with the UE state on activated, deactivated and skipped SPS resource(s), and if sidelink transmissions might occur in the granted SPS resource allocation instances.

[Observation 1.] In terms of LTE latency reduction with UL-SPS grant skipping, SL-SPS grant skipping need to be considered to achieve V2X latency reduction including further V2V unicast scenarios.
On the perspectives of sidelink latency reduction, it is beneficial to allow UEs using mode 3 to skip configured SPS sidelink grants rather than instantaneously releasing if no data is available for transmission. We think the benefits of skipping and reconfiguring SPS resources of UEs using mode 3 are 1) latency reduction by waiting interval to re-acquire sidelink SPS grant, and 2) UEs using mode 4 may obtain larger opportunities to successfully transmit data.
[Proposal 1.] skipSidelinkTxSPS configuration needs to be considered.
2.2. Resource pool sharing from mode 3 SPS UE to mode 4 UE

We think the benefits of sharing the resource pool between mode 3 UEs and mode 4 UEs are spectral efficiency and flexibility of resource usages among V2X UEs. All resource pools allowed for mode 3 UEs and mode 4 UEs can jointly considered for optimized resource assignment. However, the performance degradation for both UEs can occur in terms of resource collision or (successful) packet received ratio if the resource pool sharing between mode 3 UEs and mode 4 UEs is supported. Nevertheless, we need to consider efficient and flexible resource usages and avoiding collisions simultaneously to achieve the latency requirements and dynamic use cases in eV2X.
[Proposal 2.] UEs using mode 3 can share the empty resources with UEs using mode 4 when skipSidelinkTxSPS is configured by the below pre-defined messages.
1.  SPS activation/release in DCI format 5A; SPS confirmation (LCID 10101) in MAC CE; SPS configuration in RRC signaling;
2.  (FFS) Additional solutions for using SPS confirmation in MAC CE to indicate sidelink SPS configuration/skipping;
[Observation 2.] If other UEs using mode 3 are allowed to share the empty SPS resources, the resource collisions may frequently occur since the UEs using mode 4 autonomously access to radio resources without eNB’s information.
[Proposal 3.] Only UEs using mode 4 can be allowed to utilize shared SPS resources of UEs using mode 3.
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3. Conclusion
[Observation 1.] In terms of LTE latency reduction with UL-SPS grant skipping, SL-SPS grant skipping need to be considered to achieve V2X latency reduction including further V2V unicast scenarios.
[Proposal 1.] skipSidelinkTxSPS configuration need to be considered.

[Proposal 2.] UEs using mode 3 can share the empty resources with UEs using mode 4 when skipSidelinkTxSPS is configured by the below pre-defined messages.

1.  SPS activation/release in DCI format 5A; SPS confirmation (LCID 10101) in MAC CE; SPS configuration in RRC signaling;
2.  (FFS) Additional solutions for using SPS confirmation in MAC CE to indicate sidelink SPS configuration/skipping;
[Observation 2.] If other UEs using mode 3 are allowed to share the empty SPS resources, the resource collisions may frequently occur since the UEs using mode 4 autonomously access to radio resources without eNB’s information.
[Proposal 3.] Only UEs using mode 4 can be allowed to utilize shared SPS resources of UEs using mode 3.
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