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[bookmark: _Ref466049030]Introduction
[bookmark: _Ref458784108][bookmark: _Ref458381469]At least two sidelink resource allocation (RA) modes are defined for NR-V2X sidelink communication, i.e. mode 1 RA where base station schedules sidelink resource(s) to be used by UE, and mode 2 RA where UE determines sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources. In this paper, we will further discuss sidelink resource allocation, focusing on the support of configured grant in the gNB-scheduled (i.e. mode 1) resource allocation. 
[bookmark: _Ref489281230]Discussion
Configured grant will be supported for sidelink. In the latest RAN1 agreements, two types of configured UL grants have been specified, i.e. type 1 configured SL grant, and type 2 configured SL grant. In type 1 configured SL grant, the SL grant is configured and activated directly via RRC, and the RRC configuration conveys also transmission parameters such as periodicity, time offset, MCS, frequency resources, etc. Type 2 configured SL grant is also configured via RRC, but only activated/deactivated via DCI in PDCCH, very similar to the LTE UL SPS. 
	RAN1 #94bis Agreements:
Continue studying NR sidelink resource allocation techniques by NR Uu for mode-1:
· Dynamic resource allocation
· Semi-persistent scheduling allocation or NR grant type-2 (activation/de-activation by physical layer signaling)
· Grant free transmission i.e., configured NR grant type-1

RAN1-ah 1901 Agreements:
· When NR Uu schedules NR SL mode 1, both type 1 and type 2 configured grants are supported for NR SL



On the other hand, in NR it is supported that gNB can provide via RRC signaling to UE a resource pool for mode 2 operation. With respect to procedure and signaling, it is basically the same as mode 1 type 1 configured grant discussed in RAN1, i.e. provide/activate/deactivate the grant via RRC signaling. The only difference might be whether random selection and sensing is configured within the given grant, which could be just one flag indicator. Therefore, in our view, mode 1 type 1 configured grant can be already supported by existing mode 2 configuration provision procedure, with random selection and sensing deactivated, thus no extra specification effort is foreseen in RAN2. 
	RAN2 #105 Agreements:
1-8: The network can provide a pool of resources in which UE autonomously selects sidelink grant for ‘sidelink unicast/groupcast/broadcast’ via dedicated signaling.



[bookmark: _Toc4418876][bookmark: _Toc4492330][bookmark: _Toc4714794]In NR mode 2 UE can be configured with NR configured grant, e.g. resource pool,  via RRC signaling, which is similar as the provision of type 1 configured grant in mode 1.
[bookmark: _Toc525827198][bookmark: _Toc525827217][bookmark: _Toc525830510][bookmark: _Toc528507449][bookmark: _Toc528507534][bookmark: _Toc528507716][bookmark: _Toc528877333][bookmark: _Toc978606][bookmark: _Toc978641][bookmark: _Toc1057128][bookmark: _Toc1057140][bookmark: _Toc1069441][bookmark: _Toc4402271][bookmark: _Toc4418881][bookmark: _Toc4492336][bookmark: _Ref524710681][bookmark: _Toc524958050][bookmark: _Toc524958342][bookmark: _Toc525309061][bookmark: _Toc4714825]Mode 1 type 1 configured grant can be already supported by existing mode 2 configuration provision procedure, with random selection and sensing deactivated, thus no extra specification effort is foreseen in RAN2. 
On the other hand, the mode 1 type 2 configured SL grant still requires DCI for e.g. activation/deactivation, so we think the type 2 configured SL grant should be specified for NR SL mode 1. 
[bookmark: _Toc524958051][bookmark: _Toc524958343][bookmark: _Toc525309062][bookmark: _Toc525827199][bookmark: _Toc525827218][bookmark: _Toc525830511][bookmark: _Toc528507450][bookmark: _Toc528507535][bookmark: _Toc528507717][bookmark: _Toc528877334][bookmark: _Toc978607][bookmark: _Toc978642][bookmark: _Toc1057129][bookmark: _Toc1057141][bookmark: _Toc1069442][bookmark: _Toc4402272][bookmark: _Toc4418882][bookmark: _Toc4492337][bookmark: _Toc4714826]The type 2 configured SL grant should be specified for NR SL mode 1.
Regarding LTE 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, 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.
[bookmark: _Toc524958044][bookmark: _Toc524958336][bookmark: _Toc525309055][bookmark: _Toc525827192][bookmark: _Toc525827211][bookmark: _Toc525830504][bookmark: _Toc528507425][bookmark: _Toc528507528][bookmark: _Toc528507710][bookmark: _Toc528877327][bookmark: _Toc978601][bookmark: _Toc978636][bookmark: _Toc1057123][bookmark: _Toc1057135][bookmark: _Toc4402104][bookmark: _Toc4418877][bookmark: _Toc4492331][bookmark: _Toc4714795]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 NR 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.
[bookmark: _Toc524958052][bookmark: _Toc524958344][bookmark: _Toc525309063][bookmark: _Toc525827200][bookmark: _Toc525827219][bookmark: _Toc525830512][bookmark: _Toc528507451][bookmark: _Toc528507536][bookmark: _Toc528507718][bookmark: _Toc528877335][bookmark: _Toc978608][bookmark: _Toc978643][bookmark: _Toc1057130][bookmark: _Toc1057142][bookmark: _Toc1069443][bookmark: _Toc4402273][bookmark: _Toc4418883][bookmark: _Toc4492338][bookmark: _Toc4714827]RAN2 considers both periodic and non-periodic traffic 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.
[bookmark: _Toc524958053][bookmark: _Toc524958345][bookmark: _Toc525309064][bookmark: _Toc525827201][bookmark: _Toc525827220][bookmark: _Toc525830513][bookmark: _Toc528507452][bookmark: _Toc528507537][bookmark: _Toc528507719][bookmark: _Toc528877336][bookmark: _Toc978609][bookmark: _Toc978644][bookmark: _Toc1057131][bookmark: _Toc1057143][bookmark: _Toc1069444][bookmark: _Toc4402274][bookmark: _Toc4418884][bookmark: _Toc4492339][bookmark: _Toc4714828]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 with the configured SL grant, especially in licensed spectrum where SL resources are shared with Uu resources. 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. In Rel.14 V2X, SPS-AssistanceInformation report was introduced, 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, lots of resources might have already been wasted when the message is reported to the NW. Therefore improvements are needed here.  
[bookmark: _Toc524958045][bookmark: _Toc524958337][bookmark: _Toc525309056][bookmark: _Toc525827193][bookmark: _Toc525827212][bookmark: _Toc525830505][bookmark: _Toc528507426][bookmark: _Toc528507529][bookmark: _Toc528507711][bookmark: _Toc528877328][bookmark: _Toc978602][bookmark: _Toc978637][bookmark: _Toc1057124][bookmark: _Toc1057136][bookmark: _Toc4402105][bookmark: _Toc4418878][bookmark: _Toc4492332][bookmark: _Toc4714796]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.
[bookmark: _Toc524958054][bookmark: _Toc524958346][bookmark: _Toc525309065][bookmark: _Toc525827202][bookmark: _Toc525827221][bookmark: _Toc525830514][bookmark: _Toc528507453][bookmark: _Toc528507538][bookmark: _Toc528507720][bookmark: _Toc528877337][bookmark: _Toc978610][bookmark: _Toc978645][bookmark: _Toc1057132][bookmark: _Toc1057144][bookmark: _Toc1069445][bookmark: _Toc4402275][bookmark: _Toc4418885][bookmark: _Toc4492340][bookmark: _Toc4714829]RAN2 considers limiting the SL resource wastage in case resources previously granted with the configured SL grant are not used. 
One more aspect is that due to different V2X services may have different QoS requirements (e.g. latency, reliability, etc.), it could happen that (at a certain time) a UE has a grant available but the grant cannot (or is not suitable to) be used to transmit the services. To solve this multiple (configured) SL grants may be configured simultaneously, where each SL grant may only be allowed to be used for certain SL logical channel(s) or service(s). Besides, when a UE transmits on multiple SL frequencies/RATs, a grant will be needed on each SL frequency/RAT, in this case multiple (configured) SL grants may be configured for the different SL frequencies/RATs simultaneously. 
[bookmark: _Toc4418879][bookmark: _Toc4492333][bookmark: _Toc4714797]It could happen that a UE has a grant available but the grant cannot (or is not suitable to) be used to transmit the services.
[bookmark: _Toc4418880][bookmark: _Toc4492334][bookmark: _Toc4714798]When a UE transmits on multiple SL frequencies/RATs, a grant will be needed on each SL frequency/RAT.
[bookmark: _Toc4418886][bookmark: _Toc4492341][bookmark: _Toc4714830]Multiple simultaneous (configured) SL grants is supported, where each grant is allowed to be used to certain logical channel(s) or service(s), or configured for different SL frequencies/RATs. 
Another possible enhancement with respect to LTE SL that RAN2 should study, is the introduction of a sidelink confirmation upon activation/release of a configured grant.
In fact, upon activating/releasing a sidelink grant configuration, the gNB will not be able to realize whether the activation/release command was correctly received by the UE. This might lead to undesired behaviors, such as 
· If the SL configured grant is activated, but the UE missed the activation command, latency increases. The UE would need to request again SL resources and gNB would need to provide again the activation command
· If the SL configured grant is deactivated, but the UE missed it, the UE will reuse the deactivated resources, thus creating interference towards other UEs.
· If the SL configured grant is reactivated with another set of PRB/MCS, but the UE missed it, the UE will keep using the old resources, thus using sub-optimal resource allocation and potentially creating interference towards other UEs
[bookmark: _Toc494369492][bookmark: _Toc494369507][bookmark: _Toc494369526][bookmark: _Toc494392302][bookmark: _Toc498532799][bookmark: _Toc498618660][bookmark: _Toc505962189][bookmark: _Toc506460254][bookmark: _Toc510457077][bookmark: _Toc525808833][bookmark: _Toc525808875][bookmark: _Toc525809308][bookmark: _Toc525809352][bookmark: _Toc528336295][bookmark: _Toc528336404][bookmark: _Toc528336506][bookmark: _Toc528510988][bookmark: _Toc528597509][bookmark: _Toc528876128][bookmark: _Toc1062800][bookmark: _Toc1074640][bookmark: _Toc1079640][bookmark: _Toc4492335][bookmark: _Toc4714799]Without SL configured grant confirmation, the gNB is not aware of whether the activation/release command for SL configured grant was correctly received or not by the UE. This may imply higher latency, signalling overhead and interference when the UE misses the activation/release command.
Therefore, we believe that is beneficial if RAN2 considers introducing a SL configured grant confirmation upon activation/release command.
[bookmark: _Toc489741449][bookmark: _Toc490143372][bookmark: _Toc490236528][bookmark: _Toc490260218][bookmark: _Toc490260288][bookmark: _Toc490260300][bookmark: _Toc490260313][bookmark: _Toc494364805][bookmark: _Toc494364827][bookmark: _Toc494369496][bookmark: _Toc494369511][bookmark: _Toc494369530][bookmark: _Toc494392306][bookmark: _Toc498532802][bookmark: _Toc498618663][bookmark: _Toc505962192][bookmark: _Toc506460257][bookmark: _Toc510457080][bookmark: _Toc525808838][bookmark: _Toc525808880][bookmark: _Toc525809314][bookmark: _Toc525809358][bookmark: _Toc528336326][bookmark: _Toc528336410][bookmark: _Toc528336512][bookmark: _Toc528510994][bookmark: _Toc528597515][bookmark: _Toc528876134][bookmark: _Toc1062806][bookmark: _Toc1074646][bookmark: _Toc1079634][bookmark: _Toc4492342][bookmark: _Toc4714831]RAN2 considers introducing a sidelink confirmation upon activation/release of a configured grant.

[bookmark: _Toc458380516][bookmark: _Toc458380524]Conclusion
[bookmark: _In-sequence_SDU_delivery]In section 2 we made the following observations:
Observation 1	In NR mode 2 UE can be configured with NR configured grant, e.g. resource pool,  via RRC signaling, which is similar as the provision of type 1 configured grant in mode 1.
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	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 could happen that a UE has a grant available but the grant cannot (or is not suitable to) be used to transmit the services.
Observation 5	When a UE transmits on multiple SL frequencies/RATs, a grant will be needed on each SL frequency/RAT.
Observation 6	Without SL configured grant confirmation, the gNB is not aware of whether the activation/release command for SL configured grant was correctly received or not by the UE. This may imply higher latency, signalling overhead and interference when the UE misses the activation/release command.
 
Based on the discussion in section 2 we propose the following: 
[bookmark: _GoBack]Proposal 1	Mode 1 type 1 configured grant can be already supported by existing mode 2 configuration provision procedure, with random selection and sensing deactivated, thus no extra specification effort is foreseen in RAN2.
Proposal 2	The type 2 configured SL grant should be specified for NR SL mode 1.
Proposal 3	RAN2 considers both periodic and non-periodic traffic for the design of the configured SL grant.
Proposal 4	For the configured SL grant, and for SL dynamic grant, it should be possible to achieve the short latency requirements.
Proposal 5	RAN2 considers limiting the SL resource wastage in case resources previously granted with the configured SL grant are not used.
Proposal 6	Multiple simultaneous (configured) SL grants is supported, where each grant is allowed to be used to certain logical channel(s) or service(s), or configured for different SL frequencies/RATs.
Proposal 7	RAN2 considers introducing a sidelink confirmation upon activation/release of a configured grant.
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