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1 Introduction
In the RAN #80 meeting, a new SID for NR-V2X was approved and the following is one of the study objective [1]:

3: 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 

In this contribution, we discuss the enhancement of LTE Uu and NR Uu to control NR sidelink.
2 Discussion
NR Uu has been discussed and specified in Rel-15. Considering higher spectrum allocated for Rel-15, such as 3.4GHz, there is possible coverage hole and in-efficient deployment of NR Uu in the early stage. Therefore, a vehicle of NR-V2X can be camped on either LTE network or NR network. In this section, we will discuss NR Uu to control NR sidelink (intra-RAT control) and LTE Uu to control NR sidelink (inter-RAT control) separately. For the case of NR Uu to control LTE sidelink is discussed in a companion contribution [2].

In LTE-V2X, the physical layer structure design targets to low carrier frequency and try to reuse PUSCH structure as much as possible, therefore, the subcarrier spacing is fixed to 15kHz. While in NR-V2X, according to the SID [1], both FR1 and FR2 needs to be considered in the study and targets to have a common sidelink design for both FR1 and FR2. In Rel-15 NR Uu study, the subcarrier spacing ranged from 15kHz to 240kHz are supported for FR1 and FR2 [3]. For NR-V2X, we think that it is also reasonable to support different subcarrier spacing in FR1 and FR2 separately. For larger subcarrier spacing, the time length per subframe or slot scales down accordingly, which is beneficial for latency reduction. The detailed sidelink physical layer structure design can be found in a companion contribution [4].
2.1 NR Uu control NR sidelink
Both mode 3 and mode 4 are supported in LTE-V2X. In mode 3, the transmission resource of sidelink is allocated by eNB. In mode 4, the transmission resource is autonomously selected by UE from a resource pool which is configured by eNB in case of in coverage scenario, and pre-configured in case of out of coverage scenario. In NR-V2X, we assume that the same mechanism can be used for eNB/gNB to do resource allocation/configuration for NR-V2X sidelink.
· Mode 3-like

In LTE-V2X mode 3, the transmission resource of SL is allocated by eNB. A specific DCI format 5A is defined to allocate resource for SL transmission. UE receives DCI format 5A in subframe n and transmits SL in the first available subframe after subframe n+4. This mechanism can also be used in NR-V2X. While considering both Uu and SL are NR and have more flexible frame structure design, some enhancements of mode 3 are needed in NR-V2X.

Firstly, because of possible different SCS on Uu and SL, how to determine the transmission timing of SL needs to be considered.

In Rel-15 NR Uu study, the SCS ranges from 15kHz to 240kHz. Accordingly, in NR-V2X sidelink, we also propose to support different SCS for FR1 and FR2 separately. If NR sidelink is scheduled by NR Uu with different SCS, the time unit between NR Uu and NR sidelink is different, which is shown in figure 1.
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Figure 1 Illustration of different SCS between NR Uu and NR SL
In Figure 1 (a), the SCS is 15kHz for NR Uu and 60kHz for NR SL, the length of one slot of NR Uu is equal to 4 slots of NR SL. Correspondingly, in figure 1 (b), the SCS is 60kHz for NR Uu and 15kHz for NR SL, then 4 slots of NR Uu correspond to 1 slot in NR SL. If NR SL resource is allocated by NR Uu, how to determine the transmission time needs to be addressed.

Proposal 1: How to determine the transmission timing of NR SL in case of different SCS between NR Uu and NR SL needs to be studied.
Secondly, if there is no DL symbols in the slot of NR Uu, how to schedule the SL transmission on corresponding SL slot. 

In Rel-15 NR Uu, the slot format per slot can be semi-static or dynamic configured by network. It is possible that some slots of NR Uu can be configured as full Flexible or full UL. Then there is no DCI transmitted in these slots. If DCI is transmitted in slot n, and corresponding n+4 NR SL is scheduled, the NR SL slots which corresponding to full flexible or UL slots of NR Uu cannot be scheduled. 
An illustration is shown in figure 2. There are 8 slots shown for NR Uu and NR SL. Slots 0/6/7 are full DL slot, slot 2 is full UL, slot 3 is full flexible, slots 1/4/5 include DL, UL and flexible symbols. NR Uu slot 0 is used to schedule NR SL slot 4, NR Uu slot 1 is used to schedule NR SL slot 5, and so on. For slots 2 and 3, there is no DL symbols within the slot, and there is no DCI transmitted to schedule NR SL. Then it is reasonable to support flexible scheduling in NR-V2X. A similar mechanism has been introduced in LTE-V2X. In DCI format 5A [5], which is used to schedule LTE SL in LTE-V2X, a “SL index” field is introduced which is only present in TDD system considering that there is UL subframe in TDD system. This mechanism can be extended in NR-V2X considering more flexible slot format in NR Uu.
Proposal 2: Flexible scheduling of NR SL by NR Uu in time domain can be considered in NR-V2X.
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Figure 2 Illustration of NR Uu scheduling NR SL
· Mode 4-like
In LTE-V2X, the resource pool is configured by eNB for mode 4 in case of in coverage scenario. PSCCH and its associated PSSCH are FDMed in the same subframe. PSCCH and its associated PSSCH are adjacent or non-adjacent in frequency are both supported. While there are some drawbacks for FDM resource pool structure, such as large latency, break single carrier property. In NR-V2X, TDM between PSCCH and PSSCH is more preferred [4].

If TDM between PSCCH and PSSCH is introduced in NR-V2X, how to design the resource pool structure and how to configure PSCCH/PSSCH resource pool need to be studied.

Proposal 3: The resource pool design and configuration need to be studied if TDM between PSCCH and PSSCH is introduced in NR-V2X
According to the SID [1], “TSG RAN has already agreed in TR 38.913 that it is not intended for NR V2X to replace the services offered by LTE V2X. Instead, the NR V2X shall complement LTE V2X for advanced V2X services and support interworking with LTE V2X.”. NR-V2X is a complementary of LTE-V2X, then a vehicle which supports NR-V2X should also support LTE-V2X. There are two kinds of SL within a vehicle. A vehicle supporting NR-V2X can also support LTE-V2X. If a DCI is received from NR Uu, which kind of SL is scheduled if both NR SL and LTE SL are supported? How to differentiate the scheduled SL by the DCI needs to be addressed in NR-V2X. If LTE SL and NR SL are mapped to different carriers/bands, then the scheduled SL can be differentiated by CIF (Carrier Indicator Field) in DCI. 

Proposal 4: How to differentiate LTE SL or NR SL that is scheduled by NR Uu needs to be addressed.
2.2 LTE Uu control NR sidelink
As stated in section 2.1, different SCS can be supported in NR SL. The SCS of LTE Uu is fixed to 15kHz. Then figure 1 (a) is a typical case in LTE Uu to control NR SL. In this case, similar as proposal 1, how to determine the transmission time of NR SL in case of different SCS between LTE Uu and NR SL needs to be studied. This can also be combined into the scope of proposal 1. 
Proposal 5: How to determine the transmission timing of NR SL in case of different SCS between LTE Uu and NR SL needs to be studied.
In LTE-V2X, DCI format 5A is used for LTE Uu to control LTE SL. The resource allocation for PSCCH and its associated PSSCH is indicated by DCI format 5A. For NR SL, the numerology may be different with LTE SL. For example, the SCS of NR SL can range from 15kHz to 120kHz. Furthermore, if TDM between PSCCH and PSSCH is introduced in NR-V2X, how to indicate the resource allocation of PSCCH and its associated PSSCH needs to be specified. A new DCI format which is different with DCI format 5A for LTE Uu to control NR SL should be introduced. Whether it can re-use the same DCI format that is used for NR Uu to control NR SL needs FFS.
Proposal 6: A new DCI format for LTE Uu to control NR SL should be introduced.

3 Conclusion
In this contribution, the NR Uu to control NR SL (intra-RAT control) and LTE Uu to control NR SL (inter-RAT control) are discussed. The following proposals are given.
Proposal 1: How to determine the transmission timing of NR SL in case of different SCS between NR Uu and NR SL needs to be studied.
Proposal 2: Flexible scheduling of NR SL by NR Uu in time domain can be considered in NR-V2X.

Proposal 3: The resource pool design and configuration need to be studied if TDM between PSCCH and PSSCH is introduced in NR-V2X
Proposal 4: How to differentiate LTE SL or NR SL that is scheduled by NR Uu needs to be addressed.
Proposal 5: How to determine the transmission timing of NR SL in case of different SCS between LTE Uu and NR SL needs to be studied.
Proposal 6: A new DCI format for LTE Uu to control NR SL should be introduced.
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