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1. Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The V2X WI has been approved in RAN#83 meeting [1]. One of the objectives is to identify the solution for NR Uu controlling LTE sidelink:
	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.


In the previous RAN1 meeting, the issue of whether RRC-based or DCI-based signaling is supported for SPS activation/deactivation was discussed with the following agreement [2]:
	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 this contribution, we provide our view on the support for NR Uu controlling LTE sidelink.

2. Discussion 
2.1. Activation/deactivation for SPS scheduling
During the study phase, RAN1 agreed to support NR Uu controlling LTE sidelink mode 3, by RRC-configured SPS scheduling with RRC-based activation/deactivation [3]. In the RAN plenary #86 meeting, some companies have concerns that such agreement may degrade the LTE sidelink performance when a vehicle travels from LTE network coverage to NR network coverage. It was further discussed in the RAN1 #96bis meeting, but no consensus was reached. In this section, we compare these two schemes in detail from the following aspects:

· Latency
From a technical point of view, compared with RRC-based activation/deactivation signaling, the DCI-based signaling has the advantages of lower latency from the traffic arrival to the activation/deactivation of SPS transmission. 
However, considering that, the LTE V2X is designed to support periodic traffic such as basic safety, etc., and the configuration (e.g., MCS, periodicity, etc.) and the activation/deactivation of SPS anyway base on the assistance information of the sidelink traffic reported from UE via RRC signaling. Nonetheless, the latency due to the assistance information reporting is inevitable (at least in the order of tens of ms) even for DCI-based signaling, which means that the difference of latency due to the activation/deactivation is not a significant factor. Moreover, any impact caused by this activation/deactivation signaling if exists, only affects the first transmission of the periodic traffic, which is ignorable in a long-term perspective. 
Therefore, for this specific scenario, although the DCI-based signaling has the advantages of lower latency, the performance benefits are negligible in reality. This is basically because the LTE sidelink is designed for periodic traffic.
[bookmark: _Ref4610497]Observation 1: In the case of NR Uu controlling LTE sidelink, DCI-based signaling for SPS activation/deactivation has no significant performance benefits over the RRC-based signaling from the latency perspective.

· Overhead and reliability
Another argument from the performance point of view is that the DCI-based signaling has lower overhead in the following aspects: 
1. Lower Uu overhead 
2. Higher sidelink resource efficiency 
For the first aspect, the RRC-based signaling may have higher system overhead as the RRC-based signaling is conveyed by PDSCH scheduled by a DCI. However, it is worth noting that the RRC signaling is usually multiplexed with other data transmission, thus essentially no additional overhead of DCI or HARQ is required. While for DCI-based signaling, additional PDCCH overhead is always required. Hence, it is a tradeoff between the PDSCH and PDCCH overhead. Considering that the main motivation of introducing SPS is to avoid PDCCH overload, it seems that the RRC-based signaling is favorable.
Moreover, RAN2 has agreed that confirmation is needed for activation/deactivation of NR sidelink configured grant [4]. If this agreement is applicable for NR controlling LTE SPS, the overhead is further increased for DCI-based signaling. 
Regarding the overhead in the sidelink, it is true that during the RRC reconfiguration, it may be ambiguous to the network on whether the sidelink resource is used or not by the UE. Consequently, the utilization efficiency may be degraded as some sidelink resource may not be efficiently used. However, RRC reconfiguration is not frequent for LTE sidelink, because the main target of LTE V2X is for BSM service. Thus, the impact is minor from a long-term perspective.
On the other hand, the RRC-based signaling has higher reliability than the DCI-based signaling without confirmation. Misdetection of the activation/deactivation DCI will also result in resource inefficiency. In this case, the difference of sidelink resource efficiency between these two options is negligible from a system point of view. Nevertheless, if confirmation is applied, the uplink overhead is increased as discussed before. Therefore, it is essentially a tradeoff between the reliability of the activation/deactivation signaling and the system overhead.
[bookmark: _Ref7252133]Observation 2: From the resource efficiency perspective, the difference between DCI-based signaling and RRC-based signaling for SPS activation/deactivation is essentially 
-- the tradeoff of PDSCH and PDCCH overhead, and
-- the tradeoff between the reliability of the signaling and the system overhead.

· Flexibility
For the scheduling of Uu, compared with RRC-based activation/deactivation signaling, the DCI-based SPS activation/deactivation signaling has the merit of easy coexistence with DCI-based dynamic scheduling. However, given that DCI-based scheduling from NR Uu to control LTE sidelink is not supported in this release, no coexistence between DCI-based dynamic scheduling and SPS scheduling is required. Therefore, the DCI-based activation/deactivation may not have flexibility benefits over the RRC-based signaling in this special case.
[bookmark: _Ref4610495]Observation 3: In the case of NR Uu controlling LTE sidelink, the DCI-based activation/deactivation may not have flexibility benefits over the RRC-based signaling for SPS activation/deactivation.

· Timing of activation/deactivation
For RRC-based activation/deactivation signaling, the reference of activation/deactivation timing of the SPS is based on the absolute timing. Thus, no conversion is needed. 
For DCI-based activation/deactivation signaling, the reference timing of the SPS is based on the slot receiving the DCI. Consequently, the timing conversion from the NR Uu to the LTE sidelink is inevitably needed. Since NR supports multiple numerologies, the SCS of NR downlink could be different from that of LTE sidelink. If NR DCI is transmitted by using a finer scheduling granularity than LTE, the alignment between symbol boundary of NR DCI and LTE carrier may be difficult to guarantee. Moreover, the scheduling timing needs to be defined carefully. This is similar to the case of cross-carrier scheduling with mix numerologies, which is not supported by NR in Rel-15 due to the complexity. Furthermore, the timing of the inter-module communication delay, similar to the K2 in the Uu uplink scheduling should be defined, which may be very well diverse depending on the vehicle architecture. Similar to the Uu case, this timing restriction can be defined as a UE capability.
[bookmark: _Ref7252139]Observation 4: For DCI-based activation/deactivation signaling, timing conversion is required to handle the case of different numerologies/granularities between the NR DCI and the LTE sidelink SPS, as well as the timing restriction between the DCI and the SPS transmission due to inter-module communication delay.

· Specification impact
The specification efforts to support SPS activation/deactivation should be taken into account. The RRC configuration of LTE SPS should be signaled from network to UE for both options, which can be implemented as a container, similar to the resource allocation agreed by RAN2. Additionally, at least the following specification changes should be considered for supporting the DCI-based signaling.
· DCI design
A 5A-like DCI format should be supported in NR. Given that the physical layer structure and resource allocation mechanism of NR sidelink may be significantly different from LTE sidelink, the DCI design/size would be discrepant between them. Without aligning the sizes, a newly added DCI format would result in an increasing number of blind detections. On the other hand, if a single DCI format is considered, some potential issues like how to design the common fields for the two DCIs and whether padding is needed to ensure the same payload size should be specified as well, which could be a painful work considering that a lot of efforts were spent for the NR DCI design.
· SL-LTE-RNTI 
It is necessary to distinguish the new DCI from the current DCI, so some unique identities like new RNTIs are needed for NR Uu, which may increase the UE blind decoding complexity.
· Identification for cross-RAT scheduling
When cross-carrier scheduling is configured, the 3-bit carrier indicator may be used to indicate the frequency for the associated SA transmission. Since the case of NR Uu controlled LTE mode 3 sidelink involves cross-RAT scheduling, UE needs to know the RAT type of the carrier upon which the sidelink signal is transmitted. 
· Timing of activation/deactivation
The timing conversion from the NR Uu to the LTE sidelink as discussed before should be specified. 
· UE capability
UE capability signaling should be defined to inform the network, whether the UE support dynamic inter-module coordination for DCI-based signaling and the supported timing restriction between the DCI and the SPS transmission due to inter-module communication delay.
· SR/BSR for triggering the activation/deactivation
To support dynamic activation/deactivation, the triggering request should not be reported to gNB via RRC signaling. Therefore, the SR/BSR should be updated to indicating the occurrence and update of the LTE sidelink traffic.
On the other hand, the specification changes are identified for supporting the RRC-based signaling.
· RRC signaling for activation/deactivation
The RRC activation/deactivation signaling should be introduced, which can be defined as a container to avoid the coupling between LTE and NR specification and to minimize the LTE specification change
· LTE SPS activation/deactivation in mode-3
The LTE specification should be updated to translate the RRC-based activation/deactivation signaling for SPS activation/deactivation. This can be done as a similar way of configured grant type-1 in NR, which has negligible impact to the physical layer.
Based on the discussion, it can be observed that the DCI-based signaling has larger specification impact. It seems very challenging to complete the design within five meeting cycles in Rel-16. 
[bookmark: _Ref4610498]Observation 5: The specification efforts to support DCI-based activation/deactivation are notable, thus it seems very challenging to complete the design in Rel-16.

· Implementation complexity
Further, the implementation efforts to support this feature should be taken into account. At least the following aspects should be considered for supporting the DCI-based signaling.
· Stringent time constraint for inter-module coordination
The DCI-based activation/deactivation requires real-time interoperation between the LTE sidelink and NR Uu in the UE, which may be difficult for the vehicle where separate LTE and NR modules are installed. It seems that such real-time interoperation is considered an optional capability according to the UE implementation during the discussion of in-device coexistence [5]. If the DCI-based signaling is selected for SPS activation/deactivation, it seems that this real-time interoperation capability becomes mandate if UE supports NR Uu controlling LTE sidelink mode-3.
· Increased number of DCI processing capability
Firstly, the number of blind decoding of DCI should be increased for DCI-based signaling. 
Secondly, the number of DCI processing per slot is limited for a UE. Only one DL grant and up to two UP grants are supported per slot for a UE, which need to be increased if DCI-based signaling for SL SPS activation/deactivation is adopted.
[bookmark: _Ref7252144]Observation 6: From the perspective of implementation complexity, the least the issues of Stringent time constraint for inter-module coordination and increased number of DCI processing capability should be considered for supporting DCI-based signaling.

· Scenario
Finally, from the deployment perspective, the feature of NR Uu controlling LTE sidelink is considered beneficial at a later timeframe, i.e., retirement and re-farm of LTE network. In that case, due to the retirement of LTE network, the legacy UE has to rely on the controlling from NR Uu for sidelink scheduling. The first release of NR sidelink mainly targets the rollout phase of NR network, where the LTE coverage should be good enough. Even if the feature is deemed necessary, it is not a critical feature that should be completed in Rel-16 and can be supported in a future release. The impact to LTE sidelink is expected to be minimal. 
[bookmark: _Ref4610499]Observation 7: The first release of NR sidelink mainly targets the rollout phase of NR network, where the LTE coverage should be good enough. The support of DCI-based activation/deactivation is not a critical feature that should be completed in Rel-16.

In order to complete the design within a very challenging timeframe, it is necessary to have more focused discussions on the fundamental and essential features for NR sidelink, in order to achieve a high quality of NR sidelink designs. Therefore, it is not desirable to reverse the previous RAN1 agreement, but to focus on other aspects of sidelink design.
[bookmark: _Ref528781633]Proposal 1: For NR Uu controlling LTE sidelink mode 3, the RRC-based signaling is used for activation/deactivation of RRC-configured SPS scheduling.

2.2. Potential issues of NR Uu controlling LTE sidelink
Firstly, if a UE is under the NR Uu control within the NR coverage, especially for mode 3 operation, it seems reasonable to assume that the gNB can be the synchronization source for sidelink operation. Otherwise, the timing of SPS scheduling may be ambiguous between the UE and the gNB, and the interference between sidelink and Uu interfaces may become an issue. 
[bookmark: _Ref4594497]Proposal 2: In the case of NR Uu controlling LTE sidelink, a UE within NR coverage may use the gNB as a synchronization source for determining the timing of SPS configuration.

Secondly, an LTE sidelink UE requires system and resource configuration for operation in the network coverage. RAN2 has agreed to introduce SIB and RRC signaling in NR to provide resource allocation for LTE sidelink. This signaling is defined as containers (OCTET STRING) and actual information follows what defined in LTE RRC. However, it is not enough to a UE for LTE sidelink operation in the NR network coverage.
In the LTE sidelink, an in-coverage UE derives the sidelink bandwidth and TDD configuration from the LTE SIB1/2, and then broadcast these fields in its MIB-SL-V2X. These configurations are not parted of the resource configuration of LTE RRC or SIB21/26. 
In the NR coverage, the UE cannot derive the sidelink bandwidth from the NR SIB1 as no channel bandwidth is broadcasted in NR. Thus, to facilitate the LTE sidelink operation in the NR coverage without LTE specification impact, the sidelink bandwidth should be broadcasted in a separate NR SIB or configured by dedicated RRC signaling. 
Similarly, unlike the LTE where a semi-static TDD configuration is broadcasted in SIB1, in NR a much flexible TDD UL-DL configuration including flexible symbols is used. Consequently, the in-coverage LTE UE may have difficulty to derive the TDD configuration from NR SIB1 TDD-UL-DL ConfigCommon, and to translate it into an appropriate LTE TDD configuration to be broadcasted in MIB-SL-V2X. The most straightforward solution may be to configure or broadcast an LTE TDD configuration to be used in LTE sidelink from the gNB.
[bookmark: _Ref4594498]Proposal 3: In the case of NR Uu controlling LTE sidelink, the gNB should broadcast or configure a LTE TDD configuration and sidelink bandwidth to be used in MIB-SL-V2X for the UE, for the sake of backward compatibility.

3. Conclusion
In the contribution, we provide our views on the support for NR Uu controlling LTE sidelink, and observe that,
Observation 1: In the case of NR Uu controlling LTE sidelink, DCI-based signaling for SPS activation/deactivation has no significant performance benefits over the RRC-based signaling from the latency perspective.
Observation 2: From the resource efficiency perspective, the difference between DCI-based signaling and RRC-based signaling for SPS activation/deactivation is essentially 
-- the tradeoff of PDSCH and PDCCH overhead, and
-- the tradeoff between the reliability of the signaling and the system overhead.
Observation 3: In the case of NR Uu controlling LTE sidelink, the DCI-based activation/deactivation may not have flexibility benefits over the RRC-based signaling for SPS activation/deactivation.
Observation 4: For DCI-based activation/deactivation signaling, timing conversion is required to handle the case of different numerologies/granularities between the NR DCI and the LTE sidelink SPS, as well as the timing restriction between the DCI and the SPS transmission due to inter-module communication delay.
Observation 5: The specification efforts to support DCI-based activation/deactivation are notable, thus it seems very challenging to complete the design in Rel-16.
Observation 6: From the perspective of implementation complexity, the least the issues of Stringent time constraint for inter-module coordination and increased number of DCI processing capability should be considered for supporting DCI-based signaling.
Observation 7: The first release of NR sidelink mainly targets the rollout phase of NR network, where the LTE coverage should be good enough. The support of DCI-based activation/deactivation is not a critical feature that should be completed in Rel-16.

Based on the observations, we propose that,
Proposal 1: For NR Uu controlling LTE sidelink mode 3, the RRC-based signaling is used for activation/deactivation of RRC-configured SPS scheduling.
Proposal 2: In the case of NR Uu controlling LTE sidelink, a UE within NR coverage may use the gNB as a synchronization source for determining the timing of SPS configuration.
Proposal 3: In the case of NR Uu controlling LTE sidelink, the gNB should broadcast or configure a LTE TDD configuration and sidelink bandwidth to be used in MIB-SL-V2X for the UE, for the sake of backward compatibility.
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