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1 Introduction
Since Rel.12 ProSe, two possible resource allocation schemes have been considered for D2D communications by 3GPP.

In the first scheme, also known as UE-autonomous resource allocation, the UE autonomously selects transmitting resources from one or more pool of resources which are indicated by the network or preconfigured. In V2X, such autonomous selection is subject to certain rules such as the SL sensing procedure.

In the other scheme, also known as eNB-scheduled resource allocation, the resource allocation is entirely controlled by the eNB either via dynamic grants, or in V2X via semi-persistent resource allocation. 
In this paper, we focus on the gNB-scheduled resource allocation and propose aspects to further study in the NR V2X SI.

2 Discussion

Regarding sidelink resource allocation schemes, the following agreements were reached in RAN1#94.
	From RAN1#94:

At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication

· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)

· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources




In line with the above agreements, in the rest of this paper, we refer to mode-1 as the gNB-scheduled resource allocation scheme.

Similar to V2X mode-3, it seems natural to assume that for mode-1 NR V2X, RAN2 considers both the dynamic resource allocation via SL grant and the semi-persistent resource allocation. As in LTE, the dynamic resource allocation can be useful to address delay sensitive type of traffics or bursty types of traffics, while the semi-persistent resource allocation is more targeting periodic types of traffic. In order to align with the new NR terminology, we propose to refer to the configured SL grant as the semi-persistent resource allocation scheme. 
Proposal 1 The mode-1 sidelink resource allocation scheme consists of:
a. Dynamic allocation via SL grant on PDCCH

b. Configured SL grant

Regarding the configured SL grant, we observe that for the Uu, two types of configured UL grants have been specified, i.e. type 1 configured UL grant, and type 2 configured UL grant. In type 1 configured UL grant, the UL grant is configured and activated directly via RRC, and the RRC configuration conveys also transmission parameters such as periodicity, time offset, MCS, frequency resources. In type 2 configured UL grant is configured via RRC, but only activated/released via PDCCH, very similar to the LTE UL SPS.
As such, one first question that may arise is whether, for SL we need to specify both a type 1 configured SL grant and a type 2 configured SL grant.

In our understanding, in the context of SL, the type 1 configured UL grant resembles the LTE mode-4 pool configuration provided to RRC Connected UEs, since for RRC Connected UEs, the mode-4 pool is assigned in dedicated fashion and the eNB can configure the pool such that it is exclusively allocated to a certain UE. In particular, the eNB can already in LTE provide as part of the mode-4 pool configuration the frequency resources and time resources with a bitmap, so that the eNB can have full flexibility in the time/frequency allocation. One may argue that in LTE, the UE shall always perform sensing for mode-4 operations, even if the time/frequency resources are exclusively allocated by the eNB. However, we believe that is just a configuration issue, and the network may indicate whether sensing is needed or not in a given pool.
Observation 1 The type 1 configured UL grant resembles in the sidelink context, the LTE mode-4 pool configuration for UEs in RRC_CONNECTED mode, in which case the eNB can exclusively allocate time/frequency resources for SL operations.
Therefore, we believe that similar to LTE, the new mode-2 allocation scheme should give the possibility to the gNB to configure and activate a SL grant which can be exclusively assigned to a certain UE.

Proposal 2 Similar to LTE, the configuration/activation via RRC of a UE-specific resource assignment can be conveyed as part of the mode-2 pool configuration. 
On the other hand, the type 2 configured UL grant can be somehow associated to the LTE mode-3 SL SPS scheme in which configuration is provided via RRC and activation/release is triggered by PDCCH commands. Given that it should be possible to configure/activate via RRC a UE-specific resource allocation assignment, as proposed in Proposal 2, we suggest that RAN2 only considers a single configured SL grant scheme to minimize specification efforts.
Proposal 3 Similar to SL SPS, the configured SL grant is configured via RRC and activated/released via PDCCH.
Regarding mode-3 SL SPS, up to 8 SL SPS configurations can be configured in LTE. The reason was to meet different V2X type of traffics with varying periodicities. However, now the advanced V2X services are not necessarily periodic type of traffics and one may argue whether the usage of a periodic resource allocation scheme really fits “real-world” use cases, irrespective of mode-1 or mode-2 resource allocation. Additionally, as highlighted in [1], also the CAM/DENM traffic, which was used as the baseline in Rel.14 to design mode-3/4 schemes, is a highly varying traffic, which only under certain conditions can really be considered periodic, since it is affected in its dynamics by external conditions, such as UE speed, location, trajectory, acceleration etc.
Observation 2 V2X advanced use cases are not necessarily periodic type of traffics, and also the CAM/DENM traffic is periodic only when external environment conditions are stable.

For this reason, we suggest that RAN2 studies mode-1 allocation schemes (as well as mode-2) that do not necessarily rely on periodic traffic types.

For example, RAN2 could investigate more flexible mode-1 resource allocation in which the time resources are represented by a recurring bitmap configured by the network. Alternatively, for each periodic SPS occasion the network may configure one or more consecutive subframes so that in case the UE has data to transmit that cannot fit in a single time/frequency resource, it can more quickly empty the SL buffer.
Proposal 4 RAN2 considers both periodic and non-periodic traffics for the design of the configured SL grant.

Another aspect to consider is the latency requirements. In Rel.14 the shortest periodicity that can be configured for mode-3 SL SPS is 20ms, which certainly does not fit some of the new V2X use case for which the end-to-end latency can be as short as 3ms (e.g. for the support of remote driving). For the Uu for example, the Uu SPS periodicities can be much smaller (down to 1ms) in order to address URLLC use cases. We believe that similar solution should be adopted for SL transmissions as well. Of course, also for dynamic grants short latency should be achieved, as we point out in our contribution [2].
Proposal 5 For the configured SL grant, and for SL dynamic grant, it should be possible to achieve the short latency requirements.

In general, one problem that may arise irrespective of whether the traffic is periodic or not, is the potentially high resource wastage, especially in licensed spectrum where SL resources are shared with Uu resources. To avoid this issue in Rel.14 V2X, it was introduced the SPS-AssistanceInformation report, in which the UE can aid the eNB to adjust the SPS configuration by signalling traffic-related characteristics such as the periodicity, packet size, time offset etc. However, no specific rules have been standardized in LTE to trigger such message, which makes the decision to report the SPS-AssistanceInformation up to UE implementation. By the time the SPS-AssistanceInformation is triggered, lots of resources might have been wasted without the possibility for the NW to even realize that. 
Observation 3 Depending on the different traffic types and varying characteristics, the configured SL grant might lead to some SL resource wastage. It is beneficial to reduce such resource wastage, especially for licensed operations in which SL and Uu resources are shared.

Therefore, we believe that at least for licensed operations, it is important to study how to limit the SL resource wastage and how to report to the network that the resources previously granted with the configured SL grant are not going to be used.  
Proposal 6 RAN2 studies how to limit the SL resource wastage in case resources previously granted with the configured SL grant are not used.
2.1 Mode-1 and Mode-2 co-existence
Another aspect that in our opinion should be studied is the inter-working between mode-1 and mode-2 scheduling. Obviously for a UE which is in IDLE mode, only mode-2 applies. However, for a UE which is in connected mode, the question is whether only one mode, i.e. either mode-1 or mode-2, is applicable at a time, or if both modes can be configured to the UE. In LTE, it was agreed that only one mode at a time can be applicable to a UE in connected mode. 

Considering that NR V2X is targeting a mixture of licensed and unlicensed operations, it might be reasonable to design the system such that a UE can be configured both with mode-1 and mode-2 schemes. For example, the network may configure a UE with mode-1 for licensed operations to have a better control over the licensed spectrum, while for unlicensed operations, e.g. in the band 47, the UE may rely on the mode-2 resources either configured by the network or preconfigured. 
Additionally, mode-1 and mode-2 can be used for different V2X services. For example, if the mode-2 pool is configured for safety services such as CAM/DENM or for transmission within a platoon, it might be beneficial if other type of traffics are instead scheduled with mode-1 to limit the interference in the mode-2 pool.

Observation 4 It is beneficial to allow mode-1/mode-2 configuration at the same time, especially when the UE is involved in a mixture of licensed and unlicensed operations as well as means to differentiate pool utilization for different V2X services.

Proposal 7 RAN2 studies scenarios in which mode-1 and mode-2 schemes can be active at the same time for a given UE.  
3 Conclusion

In section 2 we made the following observations:
Observation 1
The type 1 configured UL grant resembles in the sidelink context, the LTE mode-4 pool configuration for UEs in RRC_CONNECTED mode, in which case the eNB can exclusively allocate time/frequency resources for SL operations.
Observation 2
V2X advanced use cases are not necessarily periodic type of traffics, and also the CAM/DENM traffic is periodic only when external environment conditions are stable.
Observation 3
Depending on the different traffic types and varying characteristics, the configured SL grant might lead to some SL resource wastage. It is beneficial to reduce such resource wastage, especially for licensed operations in which SL and Uu resources are shared.
Observation 4
It is beneficial to allow mode-1/mode-2 configuration at the same time, especially when the UE is involved in a mixture of licensed and unlicensed operations as well as means to differentiate pool utilization for different V2X services.


Based on the discussion in section 2 we propose the following:
Proposal 1
The mode-1 sidelink resource allocation scheme consists of:
a.
Dynamic allocation via SL grant on PDCCH
b.
Configured SL grant
Proposal 2
Similar to LTE, the configuration/activation via RRC of a UE-specific resource assignment can be conveyed as part of the mode-2 pool configuration.
Proposal 3
Similar to SL SPS, the configured SL grant is configured via RRC and activated/released via PDCCH.
Proposal 4
RAN2 considers both periodic and non-periodic traffics for the design of the configured SL grant.
Proposal 5
For the configured SL grant, and for SL dynamic grant, it should be possible to achieve the short latency requirements.
Proposal 6
RAN2 studies how to limit the SL resource wastage in case resources previously granted with the configured SL grant are not used.
Proposal 7
RAN2 studies scenarios in which mode-1 and mode-2 schemes can be active at the same time for a given UE.
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