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[bookmark: _Ref466049030]Introduction
[bookmark: _Ref458784108][bookmark: _Ref458381469]In RAN#80, a new 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 sidelink, which is given as below: 
	Uu-based sidelink resource allocation/configuration (LTE V2X Mode3-like and Mode4-like) [RAN1, RAN2]:
· Identify necessary enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network 
· Identify necessary enhancements of NR Uu to control LTE sidelink from the cellular network 


During RAN2#103-bis, the following was agreed: 
	Agreements from RAN2#103-bis:
RAN2 to study and prioritize the Uu control/configuration of NR SL and LTE SL in SA scenarios, i.e. gNB and ng-eNB, as proposed in Figure 1 and 2 (FFS on the support of mode1 for the cross-RAT control).
Capture the figure 3 and 4 into TR but will be deprioritized compared to SA scenarios.



In this paper, we discuss the technical and deployment feasibility/necessity of cellular network controlling the sidelink in a different RAT. 
[bookmark: _Ref489281230]Discussion
In LTE, there are different degrees of sidelink control that the network can provide to in-coverage (LTE) UEs: 
· Resource allocation (RA) by network scheduling via. DCI, i.e. mode 3 RA (corresponding to Mode 1
RA in the newly agreed terminology for NR). It is only applied to connected mode UEs.
· Resource configuration by RRC signalling. It is only applied to connected mode UEs for both mode 3 and mode 4 (corresponding to Mode 2 in the newly agreed terminology). 
· Resource configuration by SIB, it is basically used for idle mode UEs using mode 4. 
In the following we’ll discuss separately LTE Uu control of NR sidelink and NR control of LTE sidelink. 
LTE Uu control of NR sidelink 
In our view, LTE Uu control of NR sidelink is needed at least in some scenarios, for instance, in case an area is covered by both NR cell and LTE cell, and the UE selects to connect to or camp on LTE cell, or only LTE cell can provide SIB/RRC signalling (e.g. when with NSA NR deployment). In this case some level of network control of sidelink should be provided by the LTE cell, for the UE which is configured and capable to transmit sidelink on NR carrier. For example, a UE may be configured by upper layers to transmit certain type of traffics in NR SL carrier or simply the UE may select the NR SL carrier if less congested than the LTE SL carrier for the specific V2X traffic that the UE needs to transmit. Without such control, either the UE cannot operate in the SL carrier since the NR cell does not provide the SL configuration, or the UE uses the pre-configuration which is obviously undesired since it may severely interfere the NR UL communication when the UE is close to the NR cell. 
[bookmark: _Toc525723722][bookmark: _Toc525828074][bookmark: _Toc525828113][bookmark: _Toc528340781][bookmark: _Toc528510377][bookmark: _Toc528877116][bookmark: _Toc525050298][bookmark: _Toc525425024][bookmark: _Toc525425046]LTE Uu control of NR sidelink is important in those cases, e.g. NSA NR deployments, in which the UE is in coverage of both an LTE and NR carrier, but the NR cell does not provide NR SL configuration. 
Similar to SL mode-3, NR mode 1 will enable gNB-scheduled resource allocation via dynamic or semi-persistent scheduling controlled by PDCCH. Considering that NR sidelink may use different/flexible numerologies, different/flexible timing and frame structure, wider bands, etc., it is very hard for LTE to control NR sidelink using PDCCH due to the drastically different physical layer structure. Besides, LTE carrier may be much narrower than NR carrier, it is not desirable to use the entire LTE (Uu) carrier to control the NR sidelink operated on the NR carrier. Therefore, we think LTE Uu control of NR mode 1 is not really feasible without major design efforts and complexity. 
[bookmark: _Toc525050299][bookmark: _Toc525425025][bookmark: _Toc525425047][bookmark: _Toc525723723][bookmark: _Toc525828075][bookmark: _Toc525828114][bookmark: _Toc528340782][bookmark: _Toc528510378][bookmark: _Ref528877046][bookmark: _Toc528877117]LTE Uu control of NR mode 1 would require very large complexity due to the drastically different physical layer structure between NR and LTE. 
[bookmark: _Toc525043972][bookmark: _Toc525050356][bookmark: _Toc525425028][bookmark: _Toc525425049][bookmark: _Toc525723712][bookmark: _Toc525828077][bookmark: _Toc525828116][bookmark: _Toc528340813][bookmark: _Toc528510380][bookmark: _Toc528877119]From RAN2 perspective, how to control NR mode 1 via LTE Uu is down-prioritized. 
For NR mode 2, the network control is via either RRC signalling or SIB. To reduce the impact on LTE network/spec, LTE Uu control of NR mode 2 may be implemented in the following ways: 
· The current inter-frequency sidelink resource configuration may be reused to provide configurations on NR sidelink carrier, a default resource pool/numerology configuration may be (pre)defined for each NR sidelink carrier. 
· A LTE RRC container containing NR sidelink configuration may be carried transparently via LTE to indicate the NR sidelink related configurations. 
[bookmark: _Toc525050300][bookmark: _Toc525425026][bookmark: _Toc524960185]By this we can achieve a reasonable balance between the gains and the impacts of network controlled sidelink. However, it is also important to limit LTE specification impact and RAN handling complexity.
[bookmark: _Toc525043973][bookmark: _Toc525050357][bookmark: _Toc525425029][bookmark: _Toc525425050][bookmark: _Toc525723713][bookmark: _Toc525828078][bookmark: _Toc525828117][bookmark: _Toc528340814][bookmark: _Toc528510381][bookmark: _Toc528877120]If RAN2 sees the need to support LTE Uu control of NR mode 2, RAN2 should aim at limiting the impacts on LTE specification and RAN handling complexity.
Among the two above alternatives, defining a new RRC container defined in NR spec to be delivered by the LTE cell seems a good way forward, that at the same time gives scheduling flexibility and limits LTE specification impacts.  
[bookmark: _Ref528340695][bookmark: _Toc528340815][bookmark: _Toc528510382][bookmark: _Toc528877121]If LTE Uu control of NR sidelink is supported, RAN2 considers the possibility to introduce an LTE RRC container whose content is defined in NR specification and it is carried via LTE network for NR sidelink configuration.
NR Uu control of LTE sidelink 
For similar reason, NR Uu control of LTE sidelink is also needed at least in some scenarios, for instance, in case an area is covered by both NR cell and LTE cell, and the UE selects to connect to or camp on NR cell, or only NR cell can provide SIB/RRC signalling (e.g. when with NSA LTE deployment) for the LTE SL carrier. In such case, the network control of sidelink should be provided by the NR cell, for similar reasons already explained in previous section. 
[bookmark: _Toc525050301][bookmark: _Toc525425027][bookmark: _Toc525425048][bookmark: _Toc525723724][bookmark: _Toc525828076][bookmark: _Toc525828115][bookmark: _Toc528340783][bookmark: _Toc528510379][bookmark: _Toc528877118]NR Uu control of LTE sidelink is important in those cases in which the UE is in coverage of both an LTE and NR carrier, but the LTE cell does not provide the LTE SL configuration. 
Inter-frequency sidelink scheduling was introduced in LTE Rel.14 for mode 3 RA. For the same reasons highlighted in Observation 2, it can be challenging how to align the timing between NR Uu and LTE sidelink when different numerologies are used. 
[bookmark: _Toc525828079][bookmark: _Toc525828118][bookmark: _Toc528340816][bookmark: _Toc528510383][bookmark: _Toc528877122]From RAN2 perspective, how to control LTE mode 3 via NR Uu is down-prioritized. 
For NR Uu control of LTE mode 4, the current inter-frequency sidelink resource configuration framework may be reused, i.e. NR Uu provides configurations for a NR sidelink carrier in a similar way as for a LTE sidelink carrier. 
[bookmark: _Toc525050359][bookmark: _Toc525425031][bookmark: _Toc525425052][bookmark: _Toc525723715][bookmark: _Toc525828080][bookmark: _Toc525828119][bookmark: _Toc528340817][bookmark: _Toc528510384][bookmark: _Toc528877123]As for Proposal 3, NR Uu control of LTE mode 4 is supported by reuse of the inter-frequency sidelink configuration framework and by defining a new NR RRC container carrying LTE configuration. 
[bookmark: _Toc458380516][bookmark: _Toc458380524]Conclusion
[bookmark: _In-sequence_SDU_delivery]In section 2 we made the following observations:
Observation 1	LTE Uu control of NR sidelink is important in those cases, e.g. NSA NR deployments, in which the UE is in coverage of both an LTE and NR carrier, but the NR cell does not provide NR SL configuration.
Observation 2	LTE Uu control of NR mode 1 would require very large complexity due to the drastically different physical layer structure between NR and LTE.
Observation 3	NR Uu control of LTE sidelink is important in those cases in which the UE is in coverage of both an LTE and NR carrier, but the LTE cell does not provide the LTE SL configuration.

Based on the discussion in section 2 we propose the following:
Proposal 1	From RAN2 perspective, how to control NR mode 1 via LTE Uu is down-prioritized.
Proposal 2	If RAN2 sees the need to support LTE Uu control of NR mode 2, RAN2 should aim at limiting the impacts on LTE specification and RAN handling complexity.
Proposal 3	If LTE Uu control of NR sidelink is supported, RAN2 considers the possibility to introduce an LTE RRC container whose content is defined in NR specification and it is carried via LTE network for NR sidelink configuration.
Proposal 4	From RAN2 perspective, how to control LTE mode 3 via NR Uu is down-prioritized.
Proposal 5	As for Proposal 3, NR Uu control of LTE mode 4 is supported by reuse of the inter-frequency sidelink configuration framework and by defining a new NR RRC container carrying LTE configuration.
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