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Introduction
In RAN1#96bis meeting [1], the following agreements have been achieved for NR Uu to control LTE sidelink:
	Agreements:
Regarding RRC-based versus DCI-based activation/release of LTE sidelink SPS, RAN1 agrees to make the choice on the basis of at least:
· Spec impact
· Flexibility
· Performance, including latency
· Implementation complexity
· Timing of the activation/deactivation


In RAN1#94bis [2], #95 [3] and #96 [4] meetings, the following agreements have been achieved for NR Uu to control LTE sidelink:
	Agreements:
It is supported that NR Uu provides necessary semi-static configuration for mode-4 LTE SL communications
From RAN1 perspective, signalling should be similar to LTE in terms of UE-specific or cell-specific
Signalling details up to RAN2
Further study feasibility, benefits (others than ones already identified for LTE) and impact of NR Uu managing LTE mode-3 SL communications. 
Agreements:
· In continuing evaluating NR Uu scheduling of LTE sidelink mode-3, consider at least:
· What will be required on the UE side to support such feature 
· DCI design (e.g., whether DCI 5A can be reused)
Deployment scenarios where it is beneficial
Agreements:
· Scheduling by gNB using RRC for LTE sidelink scheduled mode is supported from RAN1 perspective under the premise that there is sufficient time for coordination between the NR and LTE modules. No DCI to activate/release
· RRC message delivers the SPS grant configuration and releases the SPS configuration. 
· Support of this scheduling mode is subject to UE capability (may or may not have capability for both LTE & NR)
· Note: some specification LTE change is needed to support the reception of a grant through RRC
· RRC message contains mode 3 grant content and timing
· Up to the Editor to capture it as mode 3 or new LTE sidelink mode
· No intention to have additional NR & LTE specification change (other than those described above) for this function in Rel-16
RAN1 studied the feasibility of SPS scheduling by gNB for LTE sidelink with DCI activation/release, but there is no consensus to support it


In RAN#86 meeting [4], the 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 either RRC-based activation/deactivation as per the study outcome or DCI-based activation/deactivation [RAN1, RAN2].
· RAN1 to make a decision on which option is supported until RAN#84.


This contribution discusses the potential enhancements of NR Uu to control LTE sidelink from the cellular network.
Discussion
NR Uu to control LTE sidelink
Mode 3 SPS configured by gNB
In LTE V2X mode 3, SPS configurations are configured by eNB through RRC signaling, and activated/deactivated through DCI. When gNB can control and schedule LTE UE in mode 3, the SPS configurations can also be configured by gNB through RRC signaling. On the activation/deactivation of SPS procedure, two kinds of methods have been proposed and discussed during SI stage: RRC-based and DCI-based.
When RRC-based SPS activation/deactivation is used, the activation/deactivation information should be added into the current RRC signaling. From the system perspective, once the SPS procedure is configured by RRC and activated simultaneously. When the SPS resources are configured to the UE, UE can decide whether/when to use these resources until these resources are not available. This may lead to resource under utilized if the SPS resources are not used by the UE. The deactivation mechanism should also be considered. One potential method is that a timer can be configured together with the SPS initial configuration. When the timer is counting to zero, the SPS configuration is deactivated with the resources are released.
Observation 1: RRC-based SPS activation/deactivation may cause resources waste.
Proposal 1: The RRC signaling should include SPS activation/deactivation indication information.
Proposal 2: Timer based SPS deactivation mechanism can be considered.
When DCI-based SPS activation/deactivation is supported, RRC configuration similar to or the same as that of LTE can be used by gNB. The activation/deactivation information can be included in DCI, e.g. 1 bit indicator. DCI-based activation/deactivation method has better resource utilization efficiency compared with RRC-based. There are mainly two issues mentioned in NR V2X study phase for not supporting DCI-based NR Uu control LTE sidelink. 
· Issue 1: The cross-RAT scheduling exchange time between NR and LTE module. In LTE sidelink mode 3, the time gap between DCI and associated SL transmission is around 4ms, if there is no fast inter-RAT exchange tunnel, it will be difficult to support DCI-based activation/deactivation as that in LTE mode 3. 
· Issue 2: The cross-SCS scheduling is not support in current NR Uu due to the extra complexity, so if LTE sidelink could use different SCS as that of NR Uu, in this situation, NR Uu is also not desirable to scheduling LTE sidelink.
For issue 1, it is mainly depend on the UE capability, if UE supports fast cross-RAT information exchange, it could support DCI-based activation/deactivation. Another potential way is to enlarge the time gap between the DCI and its associated SL transmission, the time gap could similar as that of RRC signaling activation/deactivation operation. 
For issue 2, if NR Uu has same SCS with LTE sidelink, the DCI-based scheduling can be used based on the solutions for issue 1. Otherwise, the NR Uu cannot control LTE sidelink in DCI-based manner. 
Proposal 3: Whether support DCI-based NR Uu control LTE sidelink depends on UE capability. 
If DCI-based NR Uu control LTE sidelink is supported, 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, since NR has different DCI format with that of LTE, DCI format designing should be considered (e.g. LTE DCI format 5B). The new DCI format for NR, such as DCI 3_0, can include the same information that of LTE DCI 5A to manage LTE sidelink mode 3. Besides, NR Uu managing NR sidelink mode 1 also needs to define a DCI format (DCI 0_2). When UEs do blind decoding of DCI, different DCI formats for LTE sidelink mode 3 and NR sidelink mode 1 may increase the number of blind decoding unless the DCI format size aligning with existing DCI format size since DCI format for NR sidelink mode 1 will be quite different from that of LTE sidelink mode 3. To solve this issue, DCI 3_0 can be padded until the size to align with NR DCI format 0_2.
Proposal 4: If DCI-based NR Uu controlling LTE sidelink is supported:
· A new DCI format for NR (e.g. DCI 3_0) can be designed with the same contents as that of LTE DCI 5A for NR Uu managing LTE sidelink mode 3.
· To solve blind decoding issue, the new DCI format (e.g. DCI 3_0) can be padded until the size is aligned with as the size of the existing DCI format size.  
In LTE V2X mode 3, the timing between DCI reception and the first sidelink transmission is fixed, which is no less than 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. 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 timing can be configured in ‘ms’. No matter which slot of the four is used to convey the DCI, it can be considered as that within one subframe from LTE perspective. Therefore, the scheduling timing is still counted in granularity of ‘ms’. When DCI-based SPS activation/release is supported, the timing offset between NR Uu and LTE sidelink can be configured or indicated in DCI.
Proposal 5: The timing between NR Uu DCI reception and LTE first sidelink transmission can be configured in terms of millisecond. 
Proposal 6: The scheduling timing can be configured/indicated in DCI.
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 reuse the same SIB or RRC signaling of LTE to configure sidelink mode 4 UE.
Proposal 7: gNB can reuse the same SIB or RRC signaling of LTE to configure sidelink mode 4.
Coordination between eNB and gNB on schedule signaling
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, and the LTE network indicate 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 8: 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:
Observation 1: RRC-based SPS activation/deactivation may cause resources waste.
Proposal 1: The RRC signaling should include SPS activation/deactivation indication information.
Proposal 2: Timer based SPS deactivation mechanism can be considered.
Proposal 3: Whether support DCI-based NR Uu control LTE sidelink depends on UE capability. 
Proposal 4: If DCI-based NR Uu controlling LTE sidelink is supported:
· A new DCI format for NR (e.g. DCI 3_0) can be designed with the same contents as that of LTE DCI 5A for NR Uu managing LTE sidelink mode 3.
· To solve blind decoding issue, the new DCI format (e.g. DCI 3_0) can be padded until the size is aligned with as the size of the existing DCI format size.  
Proposal 5: The timing between NR Uu DCI reception and LTE first sidelink transmission can be configured in terms of millisecond. 
Proposal 6: The scheduling timing can be configured/indicated in DCI.
Proposal 7: gNB can reuse the same SIB or RRC signaling of LTE to configure sidelink mode 4.
Proposal 8: 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.
References
[1]. 3GPP TSG RAN WG1 Meeting RAN1 #96bis chairman notes, April 2019.
[2]. 3GPP TSG RAN WG1 Meeting RAN1 #94bis chairman notes, October 2018.
[3]. 3GPP TSG RAN WG1 Meeting RAN1 #95 chairman notes, November 2018.
[4]. 3GPP TSG RAN WG1 Meeting RAN1 #96 chairman notes, Feburary-March 2019.
[5]. RP-190766, “New WID on 5G V2X with NR sidelink”, RAN #83 meeting
