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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The study item on NR V2X contains an objective to study Uu-based sidelink resource allocation/configuration [1]:
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 
A feature lead summary of AI: 7.2.4.3 Uu-based sidelink resource allocation/configuration [2] was submitted and discussed at last meeting and the discussion focused on NR Uu to control NR sidelink. 
This contribution focuses on how to have NR Uu control LTE PC5. In our companion paper [3], we address how to have LTE Uu scheduling NR sidelink transmissions.
[bookmark: _Ref129681832]LTE PC5 control by NR Uu
As stated in [1], Rel-14 LTE V2X supports a basic set of requirements for V2X services [4] and the enhancements in Rel-15 are considered sufficient for basic road safety services. SA1 has considered both LTE and NR for the candidates of 3GPP RATs in supporting eV2X with a set of a normative requirements defined in [5]. In addition, TSG RAN has already agreed in TR 38.913 [6] that it is not intended for NR V2X to replace the services offered by LTE V2X and instead, NR V2X shall complement LTE V2X for advanced V2X services and support interworking with LTE V2X as depicted in Fig. 1. 
[image: ]
[bookmark: _Ref520368533]Fig. 1: Illustration of NR-V complement LTE-V for advanced V2X services
As illustrated in Fig. 1, one car has LTE Uu and LTE PC5; another car has sidelinks for LTE and NR. There are two main scenarios that involve cross-RAT control: 
a) Scenario 1: If the new car has LTE Uu interfaces and roams out of NR but into LTE coverage, the new car can be scheduled by LTE Uu to enable NR sidelink communication for advanced V2X services which is analyzed in [3]. 
b) Scenario 2: If the new car has no LTE Uu interface, gNB controls the new car to initiate LTE sidelink communication with the old car for the basic V2X services. 
In general, for a dual-mode UE equipped with LTE-V2X and NR-V2X, UE is not expected to implement complex control on top of supporting a single mode in order to perform NR Uu to control LTE sidelink and vice versa. 
The remainder of this contribution focuses on Scenario 2 to discuss LTE PC5 control by NR Uu in detail. 
Prerequisites for NR control of LTE PC5
Before discussing NR Uu enhancement to control LTE PC5, we briefly review how LTE PC5 control signaling works. 
Sidelink transmission modes 3 and 4 are defined for LTE V2X PC5. Resources used for sidelink communications are requested dynamically or semi-persistently from eNB in mode 3. For mode 4, resources pool for sidelink are preconfigured and UE performs sensing or random selection (for V2P and transmission in the exceptional pool) for transmissions. 
LTE sidelink structure
LTE sidelink structure for modes 3 and 4 consists of the frame structure and physical resources as well as sidelink channels including PSSCH, PSCCH, PSBCH for V2X communications. 
A single numerology of 15 kHz is used for LTE sidelink communication. Sidelink transmissions are organized into radio frames with a duration of 10 ms, each consisting of 20 slots of duration 0.5 ms. In addition, the sidelink bandwidth can be the same as uplink bandwidth defined in LTE or a preconfigured value. 
Resources for sidelink can be managed by mode 3 or mode 4 in LTE, and the NR Uu interface therefore needs to be able to control or configure them both. 
[bookmark: _Ref520474104]Support of LTE PC5 in transmission mode 3
Mode 3 for LTE PC5 relies on DCI format 5A in LTE Uu. The fields included in LTE format 5A are listed in Table 1. 
[bookmark: _Ref520384229]Table 1: DCI format 5A for LTE mode 3 sidelink
	Fields in DCI format 5A
	Number of bits
	Description

	CIF
	3
	To support cross-carrier scheduling

	Lowest index of the sub-channel allocated to the initial transmission
	ceil(log2(k)) 
	where k is the number of configured sub-channels

	SA contents
	4 + ceil(log2(k(k+1)/2))
	Time gap and frequency resource location of initial transmission and retransmission

	SL index
	2
	Present only for cases with TDD with configuration 0-6

	When format 5A CRC is scrambled with SL-SPS-V-RNTI, the following fields are present:

	SL SPS configuration index 
	3
	Support up to 8 SL SPS configurations

	Activation/release indication 
	1
	Indication of whether SPS activation/release



If not considering the case of shared carrier between NR Uu and LTE sidelink, a straightforward manner for LTE PC5 control by NR Uu is to define a DCI format for NR Uu (DCI-X). The DCI-X format includes the same information as an LTE DCI 5A so that the new car in scenario 2, after having decoded the DCI-X, can schedule data transmission on the LTE sidelink. 
Proposal 1: A new NR DCI format with the same information as an LTE DCI 5A to schedule LTE sidelink mode 3 transmission is needed.
There were some concerns regarding DCI blind decoding from discussion at RAN1#94. Firstly, NR sidelink will have more than one numerology, so that DCI-Y (designed for NR Uu scheduling NR sidelink) might be in different size than DCI-X, which may potentially cause the number of DCI blind decodes to increase. However, it depends on the NR sidelink design and the associated DCI formats for NR Uu to control NR sidelink. Managing this blind decoding load is a normal part of the control channel design process in RAN1, and does not present a concern at this stage. 
Secondly, NR Uu supports more numerologies in addition to 15 kHz but LTE sidelink only supports 15 kHz. However, it should be noted that in this case the PDCCH conveying DCI-X could be still transmitted in NR Uu specific radio format, e.g., different than 15 kHz subcarrier spacing. However, the UE will identify that  the DCI is used for scheduling LTE sidelink, and then is aware the numerology to be used for sidelink is 15 kHz. 
[bookmark: _Ref520488785]Support of LTE PC5 in SL transmission mode 4
Sidelink  transmission mode 4 is defined for UE autonomous transmission and UE’s selection of resource for each transmission is out of eNB control. However, the resource pools from which UE selects resource for transmissions are configured by SIB21.  
NR Uu can control LTE PC5 transmission mode 4 as long as the gNB can configure the necessary resource pool with parameters so that a UE can perform LTE mode 4 transmission. Thus, NR needs to transmit the content of LTE SIB 21. 
Proposal 2: LTE SIB21 content can be transmitted by NR to enable NR Uu to control LTE-PC5 mode 4 transmissions. 
Conclusions
This contribution discusses how to design NR Uu to control LTE PC5. The analysis includes prerequisites for LTE PC5 control and necessary enhancement to NR Uu, which leads to the following proposals:
Proposal 1: A new NR DCI format with the same information as an LTE DCI 5A to schedule LTE sidelink mode 3 transmission is needed. 
Proposal 2: LTE SIB21 content can be transmitted by NR to enable NR Uu to control LTE-PC5 mode 4 transmissions. 
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