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1. Introduction

From the NR V2X SID, the following objective related to Uu enhancement is listed. [1]:
	Objective of SI:

2: Uu enhancements for advanced V2X use cases [RAN1, RAN2, RAN3]:
· Evaluate whether Rel-15 NR Uu and LTE Uu interfaces will support advanced V2X use cases

· Identify enhancements, if any, that are needed to meet advanced V2X use cases

NOTE: Also consider other Rel-16 NR and LTE SI/WI enhancements to avoid overlap.

3: 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 



In this contribution, we discuss aspects on enhancements of LTE Uu and NR Uu to control NR sidelink from the cellular network.
2. Enhancement of NR Uu to control NR sidelink
Unlike LTE Uu interface, slot format which includes downlink, uplink, and flexible symbols is newly defined in Rel. 15 NR Uu interface. The configuration of slot format is provided by cell specific or UE dedicated higher layer signaling, or provided by DCI if the corresponding UE is configured to monitor PDCCH for DCI format 2-0. Moreover, bandwidth part which is a subset of contiguous resource blocks for a given numerology in a given carrier is also defined.

Considering the slot format in NR Uu interface, NR sidelink needs to reuse the uplink symbols in order to avoid the performance loss due to interference from downlink transmission in NR Uu interface as in LTE sidelink. Then, there occurs an issue whether flexible symbols which can be configured as uplink symbols are used to sidelink or not. If sidelink reuses the flexible symbols, resource pool configuration needs to be dynamically (re)configured because the configuration for the flexible symbols can be dynamically provided by DCI. Dynamic pool (re)configuration can be rather challenging especially for out-of-coverage UEs. Therefore, at least uplink symbols configured by cell specific higher layer signaling can be reused to NR sidelink. Further study is needed to reuse flexible symbols for NR sidelink.

Proposal 1: At least uplink symbols configured by cell specific higher layer signaling in NR Uu is reused for NR sidelink. FFS for flexible symbols.
Another issue is to determine whether NR sidelink also defines resource pool as in LTE sidelink. In LTE sidelink, the set of subframes and resource blocks are assigned to control and shared channel, respectively, while control and shared channels are FDMed. Assigning resource blocks is similar to bandwidth part configuration, however, bandwidth part configuration does not assign time resource. Considering the TDD operation of NR, assigning the set of time resources to sidelink is beneficial for the case when Uu and sidelink operation is needed to be separated in time domain. For example, specific time resources may be reserved to Uu operation in order to protect short PUCCH transmission. Even resource blocks may need to be separated between Uu and sidelink operation for the same reason, e.g., protecting long PUCCH transmission. Therefore, it would be beneficial to inherit the principle of resource pool configuration, i.e., assigning both time and frequency resource as a sidelink resource, from LTE sidelink for NR sidelink. Considering the existing bandwidth part configuration in NR Uu interface mentioned above, resource pool can be configured within a specific bandwidth part. Inter-bandwidth part scheduling seems better not to be supported unless there is essential use case or motivation considering switching latency, different bandwidth between bandwidth part, etc.
Proposal 2: NR sidelink inherits the principle of LTE sidelink resource pool configuration which assigns both time and frequency resource for sidelink resource.

Proposal 3: Resource pool is defined within bandwidth part, and inter-bandwidth part scheduling is not supported in NR sidelink unless there is essential use case or motivation.
No matter which type(s) of symbols, i.e., uplink and/or flexible symbols, is(are) used for NR sidelink, there occurs an issue related to the imbalance of the number of corresponding symbols in each slot. The imbalance of the number of symbols across slots can be compensated by using flexible control and shared channel structure. An alternative approach is restructuring the NR Uu slots for constructing sidelink resource pool. Furthermore, if NR sidelink inherits the principle of resource pool configuration from LTE sidelink, more enhancement can be studied, e.g., eliminating reserved resource when resource pool is constructed.
Observation 1: Further study is needed for resource pool configuration in NR sidelink considering the imbalance of the number of symbols across slots.

As mentioned above, control and shared channels for LTE sidelink are FDMed. With FDM structure, control and shared channels can have both adjacent and non-adjacent resource blocks, which can also be considered for NR sidelink. Moreover, TDM structure may also be considered for NR sidelink, and can be reflected to resource pool configuration. For TDM structure, control and shared channels can have a time gap between them, which can be beneficial to deal with aperiodic traffic. More flexible structure for control and shared channel can further be studied considering the flexible slot structure in NR.
Observation 2: Further study is needed for FDM/TDM structure between control and shared channel considering the flexible slot structure.
Another consideration point is about supporting LTE mode 3-like operation. In LTE sidelink, one shot transmission or SPS transmission can be conducted for sidelink with mode 3 operation. UE reports BSR and assistance information to eNB, and LTE Uu defines a DCI format for corresponding resource reservation/allocation for mode 3 operation. Furthermore, resource pool sharing between mode 3 and mode 4 is adopted in Rel. 15 LTE V2X, and UE sensing/reporting for mode 3 is also adopted while details are still being discussed in RAN2. These aspects seem to be RAT-independent features and can be reused in NR sidelink.
Observation 3: Further study is needed whether to inherit RAT-independent features, e.g., one shot/SPS transmission and UE sensing/reporting, from LTE sidelink mode 3 operation.
3. Enhancement of LTE Uu to control NR sidelink

In order for LTE Uu to control NR sidelink, it would be needed to design a new LTE DCI format which reflects new features in NR sidelink. LTE Uu also needs to handle resource pool (re)configuration, i.e., it needs to send SIB for NR sidelink configuration, if resource pool (re)configuration is conducted for NR sidelink. Further study is needed according to the discussion on NR sidelink.
Proposal 4: New LTE DCI format is designed for reflecting new features in NR sidelink, and SIB for NR sidelink configuration needs to be sent via LTE Uu interface.
4. Conclusions

In this contribution, we discussed some aspects on enhancements of LTE and NR Uu to control NR sidelink. Based on the above discussion, our proposals and observations are given as follows:
Proposal 1: At least uplink symbols configured by cell specific higher layer signaling in NR Uu is reused for NR sidelink. FFS for flexible symbols.
Proposal 2: NR sidelink inherits the principle of LTE sidelink resource pool configuration which assigns both time and frequency resource for sidelink resource.

Proposal 3: Resource pool is defined within bandwidth part, and inter-bandwidth part scheduling is not supported in NR sidelink unless there is essential use case or motivation.
Observation 1: Further study is needed for resource pool configuration in NR sidelink considering the imbalance of the number of symbols across slots.

Observation 2: Further study is needed for FDM/TDM structure between control and shared channel considering the flexible slot structure.

Observation 3: Further study is needed whether to inherit RAT-independent features, e.g., one shot/SPS transmission and UE sensing/reporting, from LTE sidelink mode 3 operation.

Proposal 4: New LTE DCI format is designed for reflecting new features in NR sidelink, and SIB for NR sidelink configuration needs to be sent via LTE Uu interface.
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