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A new WID on NR-V2X was approved at RAN#83 [1], with one of the objectives as follows:
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.

The agreement achieved in the study item phase for NR controlling LTE mode-3-like sidelink using RRC-based activation/deactivation is as follows:
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

Since LTE-V2X was introduced in Rel-14, dynamic scheduling and SPS with DCI activation/deactivation for LTE sidelink mode-3 are supported. When LTE sidelink is controlled by NR gNB, the activation/deactivation for SPS via RRC was selected in the study phase for the purpose of simplifying standardization and/or facilitating UE implementation. However, RAN#83 directed RAN1 to consider the issue again, because of the probability that LTE sidelink mode-3 performance will be degraded under the control of NR compared to the control of LTE.
This contribution focuses on analysis of the two prescribed candidates for SPS activation/deactivation (i.e., via RRC or DCI) when LTE sidelink is in the control of NR. 
[bookmark: _Ref129681832]Discussion on NR Uu to control LTE sidelink mode-3
The necessary enhancements were proposed in study item to support NR Uu to control LTE sidelink mode 3, including DCI 5A’ transmitted via NR Uu which has the same information as LTE DCI 5A for dynamic scheduling and LTE sidelink SPS [2]. 
During the study phase, we discussed feasible designs for dynamic control of the LTE sidelink via DCIs transferred from the NR RAT. LTE sidelink SPS with DCI activation/deactivation stated in WID [1] without support of dynamic scheduling can simplify/facilitate network management and/or UE implementation compared to dynamic control, whilst retaining a degree of network control. 

RRC-based activation/release 
LTE sidelink supports at most eight SPS configurations. The configuration index and the associated periodicity are configured by higher layers [3]:
SPS-ConfigSL-r14 ::=	SEQUENCE {
	sps-ConfigIndex-r14				SPS-ConfigIndex-r14,
	semiPersistSchedIntervalSL-r14	ENUMERATED {
										sf20, sf50, sf100, sf200, sf300, sf400,
										sf500, sf600, sf700, sf800, sf900, sf1000,
										spare4, spare3, spare2, spare1}
}

DCI format 5A scrambled with SL-SPS-V-RNTI is used for sidelink SPS activation/release of one of the SPS configurations, and also contains several SCI format 1 fields used for the scheduling of PSSCH [4]. If only RRC-based activation/release is considered for LTE sidelink SPS in the control of gNB, the higher layer signaling needs to additionally configure the fields of DCI 5A scrambled with SL-SPS-V-RNTI for the scheduling of PSSCH. In addition, the IE needs to accommodate possible different configurations of information for scheduling PSSCH associated with different SPS configurations in order to, e.g., adapt to different services when replacing DCI for activation/release. 
As discussed in Rel-15 NR Uu for configured grants type 1 and type 2, configured grant type 1 can be activated as soon as it is configured, so that UE can transmit uplink promptly upon uplink data arrival. Therefore, the benefits for introducing configured grant type 1 include reducing the overhead of DCI transmission for activation/release, low latency for ultra-low-latency services, etc. 
Similarly, when LTE sidelink SPS is controlled by gNB which configures (and activates the configuration simultaneously) the periodicity as well as the information for scheduling PSSCH contained in DCI 5A instead of transmitting the DCI, the benefits similar to NR Uu configured type 1 can be expected. Moreover, considering it can be up to network to configure different information for the scheduling PSSCH associated with different SPS configurations to adapt to different services, the concern of lack of timely adjustment of PSSCH scheduling to a specific configuration without DCI can be alleviated. 
DCI-based activation/release
NR Uu configured grant type 1 supports configuration of DMRS for PUSCH. Therefore, gNB could configure different DMRS for different UEs sharing the same time-frequency resources for PUSCH, so that it can improve spectral efficiency when one UE has no data to transmit on the type 1 configured grant resources which however can be used by others having data for transmission. 
One difference from NR Uu configured grant type 1 is that DMRS for LTE sidelink transmission cannot be configured per UE. Instead, a related parameter is derived from the decimal representation of CRC on the PSCCH transmitted in the same subframe as the PSSCH (refer to subclause 9.8 [5]). Hence, once the resource is configured to a UE for sidelink SPS transmission, it cannot be shared with others by configuring the same resource unless it is released from the UE that no longer needs it. 
If there is no change to LTE sidelink procedure nor LTE sidelink DMRS generation when it is controlled by gNB, SPS with DCI-based activation/release is helpful to improve spectral efficiency as it can promptly release the unused resources configured previously. It also provides a higher degree of network control over the resources that are allocated when the activating DCI is delivered. Note that it is a different case from LTE Uu controlling NR sidelink mode 1, for which the support is done based on type 1 configured grant, and where type 2 configured grants, and dynamic grants, are not supported. The reason is that NR sidelink mode 1 is envisaged to take NR Uu configured grant type 1 as reference for the design, so that high spectral efficiency can still be achieved even without LTE delivering a DCI to NR. 
In addition to the benefit of DCI-based activation/release improving spectral efficiency without specification change in terms of LTE sidelink procedure and DMRS generation, DCI-based activation/release also saves specification effort on the design for RRC configuration of LTE sidelink resources because the occasion of DCI transmission itself provides information of time-domain resources. If DCI-based activation/release were replaced by RRC signaling, it is not purely moving the information fields of LTE DCI 5A for activation/release into RRC configuration. The configuration also needs to include time domain allocation and offset as the configuration, in the same way as NR Uu configured grant type 1 does. 
By retaining DCI activation of the SPS, it may also be possible to enable legacy LTE-V2X UEs to use this feature, which would otherwise require firmware upgrades to introduce RRC-activated SPS. There are marketplace considerations here, however, since it may also be the case that a vehicle with cross-RAT control can be expected to have an updated LTE module.
Overall, according to the above analysis it can be seen that DCI-based activation/release has less specification impact comparing to RRC-based. Given some UE vendors may  have the concern of UE implementation, we make the following proposal:
Proposal 1: LTE sidelink mode-3 SPS via DCI activation/release is supported for NR Uu to provide control for LTE sidelink, assuming UE implementation can support it. 
If LTE DCI 5A is introduced to NR Uu for at least SPS activation/release, issues to be solved include DCI design and the associated blind decoding and timing between DCI reception and LTE sidelink transmission. 
[bookmark: _Ref533782986]DCI design and blind decoding 
If LTE DCI 5A is introduced to NR Uu, given that new DCI format(s) need(s) to be defined for NR sidelink mode 1, RAN1 needs to consider whether a single DCI format could be used for both LTE mode-3 SPS activation/release and scheduling of NR mode-1. 
Separate DCI formats are easy to specify since the DCI 5A’ can have the same content as LTE DCI 5A. In addition, the NR sidelink mode-1 design might be quite different than LTE mode-3, with fields defined in LTE DCI 5A not needed for NR mode-1 or vice-versa. 
Proposal 2: A NR DCI format is defined with the same information as LTE DCI 5A for the purpose of controlling LTE sidelink mode 3.
Having separate DCI formats may increase the number of blind decodes. Padding DCI 5A’ to the same size of other DCI formats in the same search space is a straightforward option, e.g., DCI format 0_0/1_0. In addition, NR also has defined mechanisms of managing the number of UE blind decodes, e.g., configuring the search space, aggregation level, candidates, DCI formats that UE needs to monitor, which could also be considered to manage the number of blind decoding when needed. 
Timing between DCI reception and sidelink transmission 
When LTE mode-3 sidelink is controlled by LTE Uu, the timing between the subframe where UE receives DCI 5A and the first subframe for sidelink transmission is not less than four subframes for both dynamic scheduling and SPS.
LTE sidelink SPS was designed for certain periodic services, e.g., BSM, CAM, and such services usually have relative long periodicity, e.g., 100ms for CAM, and can be tolerant to a certain delay in their activation. Therefore, if LTE sidelink SPS with DCI activation/release is supported when it is controlled by gNB, extending the minimum timing between DCI reception and sidelink transmission to be longer than four subframes should present no problem, if timing relationships are a concern for UE implementation passing the DCI between RAT modules 
NR Uu supports {15, 30, 60} kHz numerology for FR1 and {60, 120} kHz for FR2, but LTE Uu and LTE sidelink only support 15 kHz. However, as long as NR Uu and LTE sidelink are synchronized, the time boundary of subframe/symbol of smaller SCS (i.e., LTE sidelink) is aligned with the time boundary of an integer number of slots/symbols of larger SCS (i.e., NR Uu) as illustrated in Fig. 1. 
Even though NR Uu may be using a numerology different from LTE sidelink, the absolute time between DCI reception and sidelink transmission needed may still much depend on the UE implementation of information exchange between different modules (i.e., NR Uu and LTE sidelink). Hence, it would be preferable that the absolute time for the exchange is fixed independent of numerology, and as illustrated in Fig. 1, and can be larger than four subframes. 
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[bookmark: _Ref4686781]Fig. 1: The absolute time between DCI reception and LTE sidelink transmission.

Proposal 3: LTE sidelink SPS with DCI activation/release has a fixed absolute time offset, X ms, from DCI reception in an NR slot to transmission in an LTE subframe. Value(s) of X can be further studied.

Conclusions
This contributions focuses on analysis of RRC-based and DCI-based activation/release for LTE sidelink SPS in the control of gNB. In addition, if LTE DCI 5A is introduced to NR Uu for LTE mode-3 SPS activation/release, the issues of DCI design as well as blind decoding and timing are discussed as well. The following proposals are promoted accordingly: 
Proposal 1: LTE sidelink mode-3 SPS via DCI activation/release is supported for NR Uu to provide control for LTE sidelink, assuming UE implementation can support it. 
Proposal 2: A NR DCI format is defined with the same information as LTE DCI 5A for the purpose of controlling LTE sidelink mode 3.
Proposal 3: LTE sidelink SPS with DCI activation/release has a fixed absolute time offset, X ms, from DCI reception in an NR slot to transmission in an LTE subframe. Value(s) of X can be further studied.
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