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1	Introduction
	Agreements:
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
Notes:
· eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items. 
· Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
· UE autonomously selects sidelink resource for transmission
· UE assists sidelink resource selection for other UE(s)
· UE is configured with NR configured grant (type-1 like) for sidelink transmission
· UE schedules sidelink transmissions of other UEs
RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication

Agreements:
NR Uu can assign NR sidelink resources for the following:
· Shared licensed carrier between Uu and NR sidelink
· Dedicated NR sidelink carrier

Agreements:
Study at least the following NR sidelink resource allocation techniques:
· Dynamic resource allocation
· Activation/deactivation based
· E.g., semi-persistent scheduling allocation or NR grant free type-2 
· RRC (pre-)configured
· E.g., configured NR grant type-1, UE autonomous selection of resource(s) from resources configured by RRC
RAN1 will study the level of network control, e.g., whether the UE may select other parameters (e.g., MCS) and/or the exact transmission resources, and whether the selection is autonomous or not


In RAN#80, a study item on NR V2X is approved [1]. Among others, one objective of the study item is to study the necessary enhancements related to the network control of NR sidelink. Below we mention the agreements which were made in RAN1#94 and affects the procedures related to the NR sidelink control. 
In this paper, we discuss the principles and levels of network control for both modes of NR sidelink resource allocation i.e. mode 1 and mode 2 considering both LTE and NR. The discussion on NR Uu controlling LTE sidelink is found in our companion contribution [2]. 
[bookmark: _Ref178064866]2	Principles of network control
In LTE, there are two degrees of control that the network can exercise over in-coverage (LTE) sidelink UEs: i) full control using Mode 3 (corresponding to Mode 1 in the newly agreed terminology for NR), which includes configuration aspects as well as the scheduling process; and ii) configuration of Mode-4 UEs (corresponding to Mode 2 in the newly agreed terminology). Control of a Mode-3 UE requires that the UE be in RRC_CONNECTED state whereas a Mode-4 UE may be configured through RRC (if RRC_CONNECTED) or through SIB (available for RRC_IDLE UEs). In addition, LTE provides two basic mechanisms that are available to the network for controlling OoC (Mode-4) UEs: relaying of essential network configuration information via SLSS/PSBCH and alignment of configuration and pre-configuration.
In this section we discuss principles of network control for Mode-1 UEs, Mode-2 UEs and OoC (Mode-2) UEs.
2.1	Network control of Mode 1 UEs
According to the agreed definition of mode 1, base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s). Whereas, base station can be both LTE base station (eNB) or NR base station (gNB). We discuss separately the case where the BS is a gNB (NR) and an eNB (LTE).
2.1.1	Using NR Uu (i.e. gNB scheduling NR sidelink)
Like in LTE mode-3, it seems natural to assume that for mode-1 NR V2X, both dynamic resource allocation and semi-persistent resource allocation are important. As in LTE, dynamic resource allocation can be useful to address aperiodic or bursty types of traffics, while semi-persistent resource allocation targets periodic types of traffic. To align with the new NR terminology, we propose to use the terminology ‘Configured SL grant’ to refer to semi-persistent resource allocation. 
[bookmark: _Toc525764696][bookmark: _Toc525764759][bookmark: _Toc525764697][bookmark: _Toc525764760][bookmark: _Toc525764698][bookmark: _Toc525764761][bookmark: _Toc525764682][bookmark: _Toc525764699][bookmark: _Toc525764762][bookmark: _Toc525821989][bookmark: _Toc525824097][bookmark: _Toc525914804][bookmark: _Toc525915273][bookmark: _Toc525927605][bookmark: _Toc525927973]Mode-1 sidelink resource allocation scheme includes support for dynamic allocation via SL grant on PDCCH as well as for configured SL grant.
Regarding configured SL grant, we observe that for Uu, two types of configured UL grants have been specified: 
· Type 1 configured UL grant, in which the UL grant is configured and activated directly via RRC. The RRC configuration also conveys transmission parameters such as periodicity, time offset, MCS, frequency resources. 
· Type 2 configured UL grant, in which the UL grant is configured via RRC, but only activated/released via PDCCH, very similar to LTE UL SPS. 
The first question is whether for SL we need to specify both type 1 configured SL grant and a type 2 configured SL grant or not. 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, meaning that the eNB has 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 a minor issue, and the network may indicate whether sensing is needed or not in a given pool through configuration.
[bookmark: _Toc524958043][bookmark: _Toc524958335][bookmark: _Toc525927594]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 like in LTE, mode-1 allocation should give the possibility to the gNB to configure and activate a SL grant which can be exclusively assigned to a certain UE.
[bookmark: _Ref524710681][bookmark: _Toc524958050][bookmark: _Toc524958342][bookmark: _Toc525927595]The configuration/activation via RRC of a UE-specific resource allocation can be conveyed as part of the mode-1 pool configuration. 
On the other hand, the type 2 configured UL grant in NR Uu is related to the LTE SPS scheme in which configuration is provided via RRC and activation/release is triggered by PDCCH. Therefore, given that NR SL should also enable periodic resource booking, it is natural to consider such activation/deactivation based RRC grants for SL too. 
[bookmark: _Toc525764566][bookmark: _Toc525764649][bookmark: _Toc525764684][bookmark: _Toc525764701][bookmark: _Toc525764764][bookmark: _Toc524958051][bookmark: _Toc524958343][bookmark: _Toc525821990][bookmark: _Toc525824098][bookmark: _Toc525914805][bookmark: _Toc525915274][bookmark: _Toc525927606][bookmark: _Toc525927974]The configured SL grant is configured via RRC and activated/released via PDCCH.
Figure 1 below shows the signalling procedure for dynamic SL grant and configured SL grant used for NR V2X. 
[image: ]          [image: ]
                   Figure 1. Dynamic SL grant (Left) and configured SL grant (right)
In general, it is not possible to optimize configured SL grants to all types of traffic due to their widely varying and in some case unpredictable characteristics (packet inter-arrivals, packet sizes, etc.). From a QoS point of view, overprovisioning resources is preferable to under-provisioning. However, this may result in wastage of resources. For this reason, we believe that it is necessary to introduce mechanisms that help increasing resource utilization. The details of such mechanisms are discussed in our companion contribution [9].
[bookmark: _Toc525764567][bookmark: _Toc525764650][bookmark: _Toc525764685][bookmark: _Toc525764702][bookmark: _Toc525764765][bookmark: _Toc525821991][bookmark: _Toc525824099][bookmark: _Toc525914806][bookmark: _Toc525915275][bookmark: _Toc525927607][bookmark: _Toc525927975]RAN1 studies mechanisms to adapt the resource allocation for varying traffic. 
Transmission (TX) parameters such as modulation and coding schemes (MCS), TX power, precoder matrix for multiple antenna transmissions, etc. can be selected either by the network or UE or both. In this regard, different levels of network controls are possible, which are listed as below:
1. All TX parameters are selected by gNB, either as a fixed value or as a range of values. This is the default behavior for UEs within network coverage. 
2. Some TX parameters are selected by the network and some by UE. This can be useful for some use cases (e.g., unicast case) and in case of UE operating in network coverage. 
[bookmark: _Toc525764767][bookmark: _Toc525138828][bookmark: _Toc525764569][bookmark: _Toc525764652][bookmark: _Toc525764687][bookmark: _Toc525764704][bookmark: _Toc525764766][bookmark: _Toc525764768][bookmark: _Toc525821992][bookmark: _Toc525824100][bookmark: _Toc525914807][bookmark: _Toc525915276][bookmark: _Toc525927608][bookmark: _Toc525927976]Depending on the use case and scenarios, network can configure either all the parameters or leave the choice of values up to the UE, possibly within some configured range.
2.1.2	Using LTE Uu (i.e. eNB scheduling NR sidelink)
In our view, Mode-1 will allow for quite detailed control of UEs, including resource allocation. We believe that the goal of specifying a powerful Mode 1 conflicts with the use of existing LTE hardware. NR may use different numerologies, wider bands, etc., making Mode-1 control much more complex than in LTE. For example, a new scheduler may be needed, more accurate timing, etc. 
[bookmark: _Toc525927596]Control of Mode-1 UEs over LTE Uu has large impact on existing hardware. 
Furthermore, the support of mode 1 resource allocation using LTE Uu may require new LTE layer 1 signaling (such as DCI) given different physical layer structure of NR sidelink. This requires large specification efforts too.  
[bookmark: _Toc525927597]New LTE signaling will have to be introduced to allow mode 1 scheduling using eNB. 
For these reasons, we believe that RAN1 should not consider control of Mode-1 UEs using LTE-Uu. Instead, we believe that for LTE-Uu, RAN1 should focus on control of Mode-2 UEs.
[bookmark: _Toc525764570][bookmark: _Toc525764653][bookmark: _Toc525764688][bookmark: _Toc525764705][bookmark: _Toc525764769][bookmark: _Toc525821993][bookmark: _Toc525824101][bookmark: _Toc525914808][bookmark: _Toc525915277][bookmark: _Toc525927609][bookmark: _Toc525927977]RAN1 does not support control of Mode-1 UEs using LTE Uu.
2.2	Network control of Mode 2 UEs
Proper operation of mode 2 UEs under network control can be achieved by means of:
1) [bookmark: _Ref523773125]Providing detailed configuration parameters (i.e., Mode 2 configuration) to in-coverage UEs.
2) [bookmark: _Ref523773128]Having the UEs operate autonomously using Mode 2 according to the received configuration. 
Control based on 1) can be enabled in two ways:
· Anticipating the configuration needs of the UE to provide the required information in advanced. This type of anticipated configuration may be performed in a predictive manner, for example using the information about the position of the UE and route information. This is illustrated in Figure 1 and Figure 2.
· Direct configuration by the network of a selected subset of Mode-2 UEs. Indirect configuration of the remaining Mode-2 UEs using a distributed sidelink protocol (like SLSS/PSBCH in LTE but with greater flexibility) to relay the configuration information provided by the network. This is illustrated in Figure 3.
[image: ]
[bookmark: _Ref525737050]Figure 1. Control of Mode-2 UEs based on route prediction. The UE provides its intended route to the BS. This information allows the BS to provide the configuration to be used by the UE as it passes through each of the cells.
[image: ]
[bookmark: _Ref525763954]Figure 2. Illustration of the message exchange associated with the example in Figure 1.
[image: ]
[bookmark: _Ref525763992]Figure 3. Indirect configuration of UEs. The BS directly configures one UE using the Uu interface. This UE relays the configuration information to all nearby UEs by means using the PC5 interface.
Note that these two approaches may also be combined. In other words, the network could configure any UE in a predictive way, based on information about the route taken by the UE. For example, the network could provide pool configuration information for the different geographical areas in which the UE expects to travel. In addition, the network may designate a subset of UE as configuration relays. Such UEs would be configured by the network with all the required information to allow for Mode-2 operation. This configuration information would be relayed to other UEs using a distributed sidelink protocol. Using the configuration directly or indirectly received from the network, the NR sidelink UEs would operate using Mode 2.
Note also that this approach requires that the autonomous operation, including resource allocation, be efficient. In our view, this is already an objective in the design of Mode 2 and discussed in detail in our contribution [9].
[bookmark: _Toc525927598]Lightweight efficient control of UEs can be achieved using Mode 2.
[bookmark: _Toc525764571][bookmark: _Toc525764654][bookmark: _Toc525764689][bookmark: _Toc525764706][bookmark: _Toc525764770][bookmark: _Toc525821994][bookmark: _Toc525824102][bookmark: _Toc525914809][bookmark: _Toc525915278][bookmark: _Toc525927610][bookmark: _Toc525927978]RAN1 supports Mode-2 operation with reduced Uu signaling and relaying of control information over sidelink.
Alternatively, it has been proposed in [7],[8] to use a cluster-head (CH) architecture to achieve this efficient lightweight control. In our view, the CH solution has multiple drawbacks:
· Significant specification effort across multiple working groups that would delay the introduction of the feature at least until Rel 17.
· Need for introducing an additional resource allocation mode.
· Single-node point of failure.
· As observed in [4],[5] the performance of centralized resource allocation is only moderately better than that of distributed resource allocation. Moreover, obtaining the performance advantage requires global information and complex processing. Clearly, a CH will hardly provide these gains.
We discuss the issue the CH solution in detail in Error! Reference source not found..
[bookmark: _Toc525927599]Solutions based on the use of cluster head have multiple drawbacks:
· [bookmark: _Toc525927600]Larger specification effort, spanning multiple WGs including RAN and SA.
· [bookmark: _Toc525927601]The potential gains are modest, and they are hard to realize for UEs.
· [bookmark: _Toc525927602]Single-node point of failure.
[bookmark: _Toc525764572][bookmark: _Toc525764655][bookmark: _Toc525764690][bookmark: _Toc525764707][bookmark: _Toc525764771][bookmark: _Toc525821995][bookmark: _Toc525824103][bookmark: _Toc525914810][bookmark: _Toc525915279][bookmark: _Toc525927611][bookmark: _Toc525927979]RAN1 does not support cluster head solutions, including Mode 2 (d) (i.e., UE schedules sidelink transmissions of other UEs)
2.2.1	Using NR Uu (i.e. gNB provides configuration for NR sidelink)
Like in LTE mode 3 configuration, gNB can provide configuration based on either SIB (for RRC_IDLE UEs) or RRC signaling (for RRC_CONNECTED UEs). As discussed above, the configuration may be dedicated for a single UE (e.g. for the case of unicast transmissions as discussed in Section 2.1) or can be for a group of UEs (e.g. platoon use case) or simply for all the UEs performing mode 2 transmissions. 
[bookmark: _Toc525927603]Configuration can be dedicated to either single UE, group of UEs or all mode 2 UEs which are within gNB coverage. 
Furthermore, as discussed above and in our RAN2 contribution [10], configuration can be associated with a certain geographical area and/or route which may or may not be outside the cell providing the configuration. For instance, a platoon moving across the cells may use a specific configuration received from gNB.
[bookmark: _Toc525821996][bookmark: _Toc525824104][bookmark: _Toc525914811][bookmark: _Toc525915280][bookmark: _Toc525927612][bookmark: _Toc525927980]Configuration for some V2X applications can be associated with a certain geographical area and/or route. 
2.2.2	Using LTE Uu (i.e. eNB provides configuration for NR sidelink)
As we have stated above, for LTE Uu we believe that controlling NR sidelink UEs through Mode-2 is a reasonable alternative that leverages on the availability of LTE coverage while balancing the gains of network control and the limitations posed by existing network hardware 
In addition, we believe that controlling NR sidelink UEs through Mode-2 can enable new use cases (not necessarily in the scope of the SID). Of course, hardware considerations may limit the features of Mode-2 control that are available to LTE Uu. In particular, it is necessary to avoid change to PHY procedures in LTE Uu.
[bookmark: _Toc525927604]Control of Mode-2 UEs over LTE Uu can provide reasonable gains, wide availability, and enables new use cases.
[bookmark: _Toc525764574][bookmark: _Toc525764657][bookmark: _Toc525764692][bookmark: _Toc525764709][bookmark: _Toc525764773][bookmark: _Toc525821997][bookmark: _Toc525824105][bookmark: _Toc525914812][bookmark: _Toc525915281][bookmark: _Toc525927613][bookmark: _Toc525927981]LTE Uu supports control of Mode-2 NR sidelink UEs, although specific features may not be available due to existing-hardware considerations.
[bookmark: _Toc525764575][bookmark: _Toc525764658][bookmark: _Toc525764693][bookmark: _Toc525764710][bookmark: _Toc525764774][bookmark: _Toc525821998][bookmark: _Toc525824106][bookmark: _Toc525914813][bookmark: _Toc525915282][bookmark: _Toc525927614][bookmark: _Toc525927982]Support for controlling Mode-2 NR sidelink UEs does not introduce any new PHY procedures to LTE Uu.
3	Conclusion
In the previous sections 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	The configuration/activation via RRC of a UE-specific resource allocation can be conveyed as part of the mode-1 pool configuration.
Observation 3	Control of Mode-1 UEs over LTE Uu has large impact on existing hardware.
Observation 4	New LTE signaling will have to be introduced to allow mode 1 scheduling using eNB.
Observation 5	Lightweight efficient control of UEs can be achieved using Mode 2.
Observation 6	Solutions based on the use of cluster head have multiple drawbacks:
	Larger specification effort, spanning multiple WGs including RAN and SA.
	The potential gains are modest, and they are hard to realize for UEs.
	Single-node point of failure.
Observation 7	Configuration can be dedicated to either single UE, group of UEs or all mode 2 UEs which are within gNB coverage.
Observation 8	Control of Mode-2 UEs over LTE Uu can provide reasonable gains, wide availability, and enables new use cases.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Mode-1 sidelink resource allocation scheme includes support for dynamic allocation via SL grant on PDCCH as well as for configured SL grant.
Proposal 2	The configured SL grant is configured via RRC and activated/released via PDCCH.
Proposal 3	RAN1 studies mechanisms to adapt the resource allocation for varying traffic.
Proposal 4	Depending on the use case and scenarios, network can configure either all the parameters or leave the choice of values up to the UE, possibly within some configured range.
Proposal 5	RAN1 does not support control of Mode-1 UEs using LTE Uu.
Proposal 6	RAN1 supports Mode-2 operation with reduced Uu signaling and relaying of control information over sidelink.
Proposal 7	RAN1 does not support cluster head solutions, including Mode 2 (d) (i.e., UE schedules sidelink transmissions of other UEs)
Proposal 8	Configuration for some V2X applications can be associated with a certain geographical area and/or route.
Proposal 9	LTE Uu supports control of Mode-2 NR sidelink UEs, although specific features may not be available due to existing-hardware considerations.
Proposal 10	Support for controlling Mode-2 NR sidelink UEs does not introduce any new PHY procedures to LTE Uu.
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