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1. Introduction
The SID on NR sidelink has been approved in RAN plenary#80. It aims to support inter-RAT sidelink scheduling in V2X phase 3 [1]:
· 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
In this paper, we mainly focus on the necessary enhancement of NR Uu to control LTE PC5.
2. Scenario
As stated in 38.913 [2], 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. Considering that the frequency of the automobile consumers to change vehicles is relatively slow, the old vehicles that only support LTE Uu and LTE PC5 may exist for a long time. At the same time, the eNB will be replaced by gNB gradually. Over the next few years, there are some scenarios where inter-RAT control should be concerned. Taking Figure 1 as an example, a new UE supporting LTE PC5 and NR Uu moves out of the coverage of LTE but falls in the coverage of NR. It can exchange V2X messages with the old LTE vehicles with the assistance from gNB. Therefore, in additional to eNB, gNB is also considered as a candidate for controlling the LTE sidelink transmission.


[image: image1.emf]UE 1

gNB

Support LTE 

SL

Support LTE SL and 

NR SL

UE 2

LTE PC5

eNB


Figure 1. Scenario for gNB-controlled LTE sidelink

Observation 1. There are some scenarios where gNB-controlled LTE sidelink should be considered.
3. Enhancement for NR Uu link to control LTE sidelink
In LTE V2X, Mode 3 and mode 4 are defined. In mode 4, UE determines the resource allocation for SCI and sidelink data by itself. On the contrary, the resources for mode 3 sidelink communication is controlled by eNB dynamically. To be more specific, such LTE V2X related fields as carrier indicator, sidelink index and the frequency/time resources allocation for SCI are conveyed by a DCI 5A marked with SL-V-RNTI. 

In addition to the dynamic scheduling, SPS is also supported in Rel-14 and Rel-15 to eliminate the overhead of the downlink control signal. Up to 8 SPS processes can be simultaneously supported and the SPS sidelink resources of which can be activated/deactivated on demand. 

In this section, we will discuss in details the changes necessary for NR Uu to support mode 3 and mode 4 LTE sidelink transmission.
3.1. NR Uu link to support LTE sidelink mode 4
In order for NR Uu to support LTE sidelink mode 4, NR Uu has to define a new SIB providing the essential information for LTE V2X services, such as resource pool configuration and synchronization source preference. Once the NW-delivered resource allocation is selected by UE to come into effect, the gNB-controlled LTE mode 4 transmission will be supported automatically.

Observation 2: LTE sidelink Mode 4 can be controlled by NR Uu if proper SIB is provided in NR Uu link.
3.2. NR Uu link to support LTE sidelink mode 3
In order for NR Uu to support LTE sidelink mode 3, new formats of DCI and BSR are needed, and the issues caused by cross-RAT scheduling should also be addressed.

1. PHY layer: define a new DCI format encapsulating DCI 5A

· Different SCS/granularities between NR DCI and sidelink SCI

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. To simplify the design, we need to specify some restrictions on the resource allocation for the new DCI and/or SCI. 
· DCI size

As the aggregation level of PDCCH candidates and DCI formats within a search space may vary, UE has to decode the PDCCH candidates with different DCI assumptions blindly. There are two leading alternatives for the design of the new DCI format.

· Alt1. Same size with the fallback DCI (similar to that in LTE)
Without aligning the sizes with fallback DCI, the newly added DCI format would result in an increasing number of blind detection. Therefore, from purposes of simplicity, the number of bits used for the new DCI can be identical to fallback DCI format. As some fields of fallback DCI may be useless for LTE sidelink scheduling, they can be reused for supporting a more flexible resource mapping to compensate the reduced scheduling flexibility caused by different SCS of two RATs. 

For example, a new table for the slot offset K4 (as defined in [3]) for PSCCH transmission may be needed considering that UE will take some time to complete the information transformation and interactions between NR Uu and LTE PC5. Instead of being defined in the specification as that in LTE, the K4 value can be carried by the new DCI dynamically.

· Alt2. Aligned with the DCI for gNB controlled NR V2X

For NR V2X UEs, it may conduct LTE V2X and NR V2X at the same time. In this case, NR V2X UE has to monitor the two DCIs that respectively control LTE sidelink and NR sidelink on the same occasion. A single DCI format would beneficial for reducing the BD complexity of this UE. 

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.
· How to activate/deactivate SPS on LTE sidelink carrier
In LTE V2X, SPS resource is configured semi-statically for overhead reduction purpose. Multiple SPS configurations can be enabled to support PS message with various periodicities. In NR, grant-free (TYPE1) and SPS-based (TYPE2) PUSCH configurations are associated with a particular UL BWP. NR band and ITS band have different non-overlapping frequency ranges, so the current signaling of TYPE1/TYPE2 PUSCH transmission cannot be reused to initiate/release sidelink SPS on a specific LTE sidelink carrier. If the single SPS configuration with a short periodicity is not sufficient to fulfill the requirement of periodic LTE sidelink transmission, and there is indeed a desire for NR NW to support multiple SPS configurations, additional modifications including LTE V2X SPS configuration and SPS indication would be needed. 

· 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.

· Identification for cross-RAT scheduling

When cross-carrier scheduling is configured, the 3-bit carrier indicator within the DCI 5A will 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. The corresponding DCI can convey the identification of the RAT type. Alternatively, the carrier indicator and the RAT type indicator can be encoded jointly.
2. MAC layer: define a new BSR format for LTE sidelink

Modifications for MAC layer are also necessary. To assist the gNB’s identification of request of LTE sidelink transmission and LTE sidelink resource allocation, we can introduce the LTE sidelink BSR for gNB scheduled LTE mode3.
Observation 3: Supporting NR Uu controlling LTE mode 3 requires significant spec changes in both the PHY and MAC layers.

Based on the above discussion, supporting NR Uu controlling LTE mode 3 creates potentially significant spec changes. Nevertheless, the LTE mode 4 operation is anyway applicable for the UE out of the LTE coverage. Thus, we suggest further study the gain of introducing NR Uu controlled LTE mode 3.
Proposal 1: Further study the gain of introducing NR Uu controlling LTE mode 3.
4. Conclusion

In this contribution, we discuss the typical scenario and necessary enhancement for gNB-controlled LTE sidelink, and we made the following observations and proposals:
Observation 1. There are some scenarios where gNB-controlled LTE sidelink should be considered.
Observation 2: LTE sidelink Mode 4 can be controlled by NR Uu if proper SIB is provided in NR Uu link.
Observation 3: Supporting NR Uu controlling LTE mode 3 requires significant spec changes in both the PHY and MAC layers.
Proposal 1: Further study the gain of introducing NR Uu controlling LTE mode 3.
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