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1. Introduction

In RAN1#94 meeting, the following agreements were made for Uu-based sidelink resource allocation/configuration. [1]:
	Agreements:

· NR Uu can assign NR sidelink resources for the following:

· Shared licensed carrier between Uu and NR sidelink

· Dedicated NR sidelink carrier

Agreements:

· Study at least the following NR sidelink resource allocation techniques:

· Dynamic resource allocation

· Activation/deactivation based

· E.g., semi-persistent scheduling allocation or NR grant free type-2 

· RRC (pre-)configured

· E.g., configured NR grant type-1, UE autonomous selection of resource(s) from resources configured by RRC

· RAN1 will study the level of network control, e.g., whether the UE may select other parameters (e.g., MCS) and/or the exact transmission resources, and whether the selection is autonomous or not.


In this contribution, we discuss aspects on enhancements of LTE Uu and NR Uu to control NR sidelink.
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. In RAN1#94 meeting, there was a discussion for sidelink resources on licensed carrier based on Rel. 15 signaling mentioned above, and several options were listed. Considering the coexistence with Rel. 15 NR Uu, the discussion based on Rel. 15 signaling for determining resources to be used for NR sidelink in licensed carrier can be a starting point. Discussion on Rel. 16 signaling, e.g., whether to adopt signaling for new part such as ‘sidelink’ in slot format indication, can be initiated afterwards.
Basically, sidelink needs to avoid downlink transmission in order to prevent performance loss due to interference from it. One possible approach is to use uplink symbols which are determined by cell-specific semi-static D/U assignment. Then, there occurs an issue whether flexible symbols which are determined by cell-specific semi-static D/U assignment and can be configured as uplink symbols are used to sidelink or not. If sidelink uses the flexible symbols, sidelink resources may need to be dynamically (re)configured because the configuration for the flexible symbols can be dynamically provided by DCI. It would be rather challenging if dynamic resource (re)configuration is adopted especially for out-of-coverage UEs. Furthermore, inter-cell interference can be another issue due to the different configuration on flexible symbols in different cells. Therefore, at least uplink symbols configured by cell specific higher layer signaling can be used to NR sidelink and further study is needed to decide whether flexible symbols are used for NR sidelink.
If uplink symbols are used for sidelink, Uu uplink and sidelink can be FDMed
. Then, inband emission from sidelink transmission can affect the Uu. In order to mitigate the interference from sidelink transmission, power control can be applied to sidelink. In Rel-12/13 LTE D2D, open-loop power control based on downlink pathloss was adopted for sidelink mode 1 and 2 in order to mitigate this issue. In addition, some closed-loop power control was defined in LTE sidelink mode 1 as a mean to control the sidelink transmit power more tightly. Similarly, NR sidelink can support sidelink transmit power control – open-loop power control based on downlink pathloss and closed-loop power control based on TPC from gNB– such that the performance degradation of sidelink transmission is minimized. Furthermore, if power control is applied to sidelink, cell edge sidelink UE would transmit with higher power which may cause high interference to sidelink transmissions from cell center UEs. Rel-12/13 LTE D2D introduced the resource pool separation based on DL RSRP in mode 2 operation so that UEs having similar transmit power level are multiplexed in the same resource pool, and a similar solution can be considered for NR sidleink if power control based on downlink pathloss is adopted.

Proposal 1: Based on Rel. 15 signaling for slot format indication, at least uplink symbols configured by cell specific higher layer signaling in NR Uu is used for NR sidelink. FFS for flexible symbols.

Proposal 2: Further study is needed to facilitate the coexistence with Uu. Potential solutions include sidelink open-loop power control based on downlink pathloss, closed-loop power control based on TPC from gNB, and resource pool separation based on downlink RSRP.
Based on the discussion above, a signaling mechanism which specifies the resource for actual sidelink transmission can be studied. 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 in the dedicated sidelink carrier, assigning the set of time resource can be beneficial, e.g., for zone-based pool configuration. One possible approach is to adopt a bitmap configuration based on Rel. 15 signaling for slot format indication to configure time domain resource pool as in LTE. Another approach is to introduce a new part such as ‘sidelink’ in slot format indication which directly indicates the time domain resource pool for NR sidelink. 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. Further study is needed for signaling details.
Proposal 3: NR sidelink inherits the principle of LTE sidelink resource pool configuration which assigns time and frequency resource for sidelink transmission. FFS on signaling details.

In NR, bandwidth part is defined as a subset of contiguous resource blocks for a given numerology in a given carrier, and is needed to be taken into account regarding the resource pool configuration for NR sidelink. We think that most of the V2X applications in general would require a larger system bandwidth at least for the reception because a device operating V2X applications needs to receive V2X transmissions from the UEs within the communication range. In addition, the issue of battery and RF implementation cost may not be so challenging for vehicle UEs. However, RAN1 can consider the usefulness of the bandwidth part in some special cases. One is the pedestrian UEs that may have limited battery, and noting that pedestrian UEs may perform only transmissions with limited message size, introducing bandwidth part for pedestrian UEs might be beneficial. Another is the UE-type RSUs that transmit small packets, and their implementation cost may be reduced if bandwidth part is used. 

Bandwidth part, if deemed beneficial in the sidelink, can be configured to a UE in dedicated sidelink carrier as well as licensed carrier. In this case, we think the baseline should be one resource pool should be completely included in a single 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/numerology between bandwidth part, etc.
Proposal 4: 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 in which a time unit has the same length.
Observation 1: Further study is needed for resource pool configuration in NR sidelink considering the imbalance of the number of symbols across slots.

Another consideration point is about supporting LTE mode 3-like operation. In LTE sidelink, both dynamic and semi-persistent scheduling can be conducted with mode 3 operation. For semi-persistent scheduling, at least PDCCH-based activation/deactivation can be supported for NR sidelink as in LTE sidelink. Furthermore, UE reports BSR and assistance information to eNB, and LTE Uu defines a DCI format for corresponding resource reservation/allocation for mode 3 operation in LTE sidenlink. Resource pool sharing between mode 3 and mode 4 is also adopted in Rel. 15 LTE V2X, and UE sensing/reporting for mode 3 is also adopted. These aspects seem to be RAT-independent features and can be reused in NR sidelink.
Observation 2: Further study is needed whether to inherit LTE sidelink mode 3 features, e.g., dynamic/semi-persistent scheduling and UE sensing/reporting, etc.
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 5: 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: Based on Rel. 15 signaling for slot format indication, at least uplink symbols configured by cell specific higher layer signaling in NR Uu is used for NR sidelink. FFS for flexible symbols.

Proposal 2: Further study is needed to facilitate the coexistence with Uu. Potential solutions include sidelink open-loop power control based on downlink pathloss, closed-loop power control based on TPC from gNB, and resource pool separation based on downlink RSRP.
Proposal 3: NR sidelink inherits the principle of LTE sidelink resource pool configuration which assigns time and frequency resource for sidelink transmission. FFS on signaling details.

Proposal 4: 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 whether to inherit LTE sidelink mode 3 features, e.g., dynamic/semi-persistent scheduling and UE sensing/reporting, etc.

Proposal 5: 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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� One may consider TDM of sidelink and UL, but this will incur a longer latency in both sidelink and UL which is undesirable in applications requiring short latency.





