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Introduction
In RAN1#97 meeting [1], the following agreements have been achieved for NR Uu to control LTE sidelink:
	Agreements:
· RRC-based activation/deactivation is not supported
· DCI-based activation/deactivation is supported 
· Support of LTE PC5 scheduling by NR Uu (mode 3-like ) is based on UE capability
· NR DCI provides the fields of DCI 5A in LTE-V that are related to SPS scheduling
· The size of DCI for activation/deactivation is one of the DCI size(s) that will be defined for NR Uu scheduling NR V2V
· FFS whether the DCI format is the same as one of the DCI formats that will be defined for NR Uu scheduling NR V2V
· Activation/deactivation applies to the first LTE subframe after Z+X ms after receiving the DCI
· Z is the same timing offset in current LTE V2X specs
· X>0. FFS value(s) of X, and if one or multiple values of X are possible
Draft LS to RAN to be prepared in R1-1907826 (Phillippe, Huawei), which is approved with the following update:
for LTE sidelink for mode 3
with final LS in R1-1907909.


In RAN#84 meeting [2], the revised WID was approved and has the following objectives on NR Uu to control LTE sidelink:
	2. Specify support for NR Uu to provide control for LTE sidelink 
· Sidelink mode 4 as per the study outcome [RAN2, RAN1]; and
· Sidelink mode 3-like RRC-configured SPS scheduling with DCI-based activation/deactivation as per the agreement in RAN1#97 [RAN1, RAN2].


This contribution discusses the potential enhancements of NR Uu to control LTE sidelink from the cellular network.
Discussion
NR Uu to control LTE sidelink
DCI design
For DCI-based NR Uu control LTE sidelink, there is still an issue for DCI design, LTE UE can only decode LTE DCI format, such as DCI format 5A. NR DCI has different format and content from that of LTE DCI. In order to allow gNB schedule LTE sidelink, the LTE SPS activation/deactivation field should be considered in the design of NR DCI.
If DCI-based NR Uu control LTE sidelink is supported, new DCI format should be designed since NR has different DCI format with that of LTE. The new DCI format for NR, such as DCI 3_0, can include the similar information of LTE DCI 5A to manage LTE sidelink mode 3.  Besides, NR Uu managing NR sidelink mode 1 also needs to define a new DCI format. If different DCI formats are defined for LTE sidelink mode 3 and NR sidelink mode 1, the number of blind decoding may increase unless the DCI format size aligning with existing DCI format size.   To solve this issue, the new DCI format for controlling LTE sidelink, e.g., DCI 3_0, can be padded until the size to align with NR DCI format for control NR sidelink, e.g., DCI 0_2.
Proposal 1: A new DCI format for NR (e.g. DCI 3_0) can be designed with the similar  contents as that of LTE DCI 5A for NR Uu managing LTE sidelink mode 3.
Proposal 2: To solve blind decoding issue, the new DCI format for controlling LTE sidelink (e.g. DCI 3_0) can be padded until the size is aligned with as the size of the existing DCI format size.  
Timing
In LTE V2X mode 3, the timing between DCI reception and the first sidelink transmission is fixed, which is no less than 4ms. In RAN1#97, it was agreed that the activation/deactivation applies to the first LTE subframe after Z+X ms after receiving the DCI. Z is the same timing offset in current LTE V2X, which  Z is 4ms. There is no timing problem for NR Uu to schedule LTE sidelink by using DCI, even NR and LTE have different numerology. NR can support {15, 30, 60} kHz numerology for FR1 and {60, 120} kHz for FR2, while LTE only supports 15 kHz. The length of each LTE subframe is 1/2/4/8 times of NR slot in time domain for 15/30/60/120 SCS, respectively, as it shown in Figure 1. When NR Uu and LTE sidelink are synchronized with each other, the transmission boundary of NR and LTE is aligned. For example, if NR Uu applies 60 kHz as the subcarrier spacing, 4 NR slots and 1 LTE subframe are the same length in time after synchronized. The scheduling timing could reuse the framework of cross-carrier scheduling with same or different numerologies considering LTE as one 15 kHz SCS carrier.    In DCI-based SPS activation/release mechanism, the timing offset between NR Uu and LTE sidelink can be configured or indicated in the DCI.
[bookmark: _GoBack]Proposal 3: The timing between NR Uu DCI reception and LTE first sidelink transmission can reuse the framework of cross-carrier scheduling with same or different numerologies with LTE carrier as one 15 kHZ SCS carrier. 
Proposal 4: The scheduling timing can be configured/indicated in the DCI.
In LTE V2X, 2 bits of sidelink index was introduced for Uu scheduling sidelink on PC5 in TDD configurations. Sidelink index has {0, 1, 2, 3} values which can make sure all of the sidelink subframes can be scheduled. NR supports flexible configuration on downlink and uplink, which means each slot can have downlink, uplink and flexible symbol(s). when the subframe boundaries are aligned between NR and LTE, the same timing offset mechanism in LTE can be used in NR, no matter which NR slot has the DCI for scheduling. For the value of X, it can be the same as that in LTE.
Proposal 5: The values of X can be the same as that in LTE with 2 bits of sidelink index field in DCI.


Figure 1. Cross RAT scheduling timing offset

Mode 4 configured by gNB
For in-coverage LTE UE, sidelink mode 4 resources can be configured by configured through SIB21 or RRC specific signaling by eNB. When sidelink mode 4 is configured by gNB, the signaling should be similar to that in LTE. To minimize the impact on the current LTE sidelink mechanism, gNB can send  the same LTE SIB signaling through NR RRC signaling for the configuration of sidelink mode 4 resource allocation to the UE.
Proposal 6: gNB can send the same LTE SIB signaling through NR RRC signaling for the configuration of sidelink mode 4 resource allocation to the UE.
Coordination between eNB and gNB 
When NR UE is in coverage of LTE network and NR network, the coordination between LTE network and NR network for the resource allocation is needed in avoiding the resource collision and performing interference mitigation. The backhaul signaling of Xn+ interactive interface can be further studied according to specific message for the coordination of resource allocation. If NR network coordinates with LTE network, NR network can inform the resources allocated to the LTE network.  The LTE network indicates the LTE mode-3 resources to the UE by DCI format 5A. Even the NR V2X UE is out-of-coverage of gNB but in-coverage of eNB, gNB can configure/schedule resources for NR sidelink transmission. Not only can this coordination extend the coverage of gNB, but also provide flexibility of network to control NR sidelink transmission. However, additional latency and signaling overhead are introduced when the signaling is transferred between eNB and gNB.
Proposal 7: The coordination between the LTE network and the NR network is essential in avoiding resource collision and mitigating the interference. The signaling IE on Xn+ should be studied by RAN3.
Conclusion
In this contribution, the NR Uu to control LTE sidelink transmission is discussed. We have the following observations and proposals:
Proposal 1: A new DCI format for NR (e.g. DCI 3_0) can be designed with the similar  contents as that of LTE DCI 5A for NR Uu managing LTE sidelink mode 3.
Proposal 2: To solve blind decoding issue, the new DCI format for controlling LTE sidelink (e.g. DCI 3_0) can be padded until the size is aligned with as the size of the existing DCI format size.  
Proposal 3: The timing between NR Uu DCI reception and LTE first sidelink transmission can reuse the framework of cross-carrier scheduling with same or different numerologies with LTE carrier as one 15 kHZ SCS carrier. 
Proposal 4: The scheduling timing can be configured/indicated in the DCI.
Proposal 5: The values of X can be the same as that in LTE with 2 bits of sidelink index field in DCI.
Proposal 6: gNB can send the same LTE SIB signaling through NR RRC signaling for the configuration of sidelink mode 4 resource allocation to the UE.
Proposal 7: The coordination between the LTE network and the NR network is essential in avoiding resource collision and mitigating the interference. The signaling IE on Xn+ should be studied by RAN3.
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