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Introduction
The study item for NR V2X was approved [1] in RAN#80 and the objectives were identified in relation to resource allocation:
	This study item includes the following objectives, considering in-network coverage, out-of-network coverage, and partial network coverage:
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 the previous meeting in RAN1#95, the following agreements were made [2]:
The following NR sidelink resource allocation techniques by NR Uu for mode-1 are supported:
· Dynamic resource allocation
· Configured grant. 
· FFS whether type-1 and/or type-2 
· In continuing evaluating NR Uu scheduling of LTE sidelink mode-3, consider at least:
· What will be required on the UE side to support such feature 
· DCI design (e.g., whether DCI 5A can be reused)
· Deployment scenarios where it is beneficial

[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: _Ref494465620]NR Uu to Control NR Sidelink
NR Flexible Slot Structure for Shared NR Sidelink Carriers
This section delves into the details of flexible slot structures of NR Release 15 with regards to NR sidelink for shared carriers, in the context of which resources are to be used for NR sidelink transmissions. In our companion contribution [3], we have discussed the NR flexible slot structure concerning dedicated sidelink carriers.
The flexible slot structure in NR Release 15 defines different slot formats as a combination of symbols which are classified as downlink (D), uplink (U) and/or flexible (F or X). In a slot in a downlink frame, the UE shall assume that downlink transmissions only occur in 'downlink' or 'flexible' symbols whereas in a slot in an uplink frame, the UE shall only transmit in 'uplink' or 'flexible' symbols [4]. Cell-specific slot formats can be combined with device- or group-specific slot formats [5]. In NR Uu, this facilitates flexible slot configurations for uplink and downlink in TDD fashion, i.e. dynamic scheduling of the transmission direction even within one slot. This way a flexible accommodation to different traffic requirements, e.g. for eMBB or URLLC scenarios, can be achieved. 
Observation 1: NR flexible slot structure facilitates accommodation of a diverse range of traffic requirements (eMBB, URLLC).
The adoption of the NR flexible slot format for the physical layer structure of shared NR sidelink carriers would capitalize on these provisions also for NR V2X communications. This way accommodation of the diverse range of traffic requirements for the advanced NR V2X use cases regarding transmission rates, latency and reliability could be achieved.
Proposal 1: Adopt the NR flexible slot format for NR sidelink in a shared carrier.
When a UE is using a shared carrier for sidelink communication, interference to other cellular communication (e.g. downlink transmissions from the BS) should be avoided. NR flexible slot formats can be group or device specific and are dynamic. Flexible F slots can be used either for downlink or uplink, e.g. while one group/device is using a specific symbol for downlink, another group/device may use the same symbol for uplink. Therefore, using flexible slots/symbols (‘F’/‘X’) for SL communication bears the risk of interfering with transmission to/from other UEs (potentially non-sidelink UEs). 
Observation 2: Usage of flexible slots/symbols (F/X) for sidelink communication in a shared carrier may create interference. 
Based on this observation dedicated resources (symbols or slots) for sidelink communication in a shared carrier should be studied. When adopting the NR flexible slot format for NR sidelink in a shared carrier, a dedicated classifier ‘sidelink’ (S) should be introduced for OFDM symbols in addition to the existing classifiers for ‘uplink’ (U), ‘downlink’ (D) and ‘flexible’ (F/X). Enhancing the NR flexible slot format with dedicated signalling for sidelink would facilitate both slot-based and symbol-based sharing of resources in a shared carrier.
[image: ]
Figure 1: Examples for possible flexible slot formats for NR sidelink in a shared carrier
In Figure 1, examples a) to h) depict possible slot formats for a shared sidelink carrier. Example 1a) shows a slot format where all symbols are classified as ‘sidelink’/’S’. This slot format could be used when multiplexing sidelink resources on a shared carrier on slot level. Example 1b) has ‘flexible’/’F’ symbols at the start and end of the slot. The ‘flexible’/’F’ symbols could be used e.g. as guard symbols when switching between transmission and reception on the shared sidelink carrier.  Examples 1c) and 1d) show a slot format where all possible slot format indicators D, U, F and S are multiplexed in one slot. Examples 1e) shows multiplexing of D and S slots with flexible F symbol(s) between D and S, whereas in example 1f) all symbols are assigned for only D and S. Examples 1g) shows multiplexing of S and U symbols with flexible F symbol(s) between S and U, whereas in example 1h) all symbols are assigned for S and U symbols.
Proposal 2: Study dedicated slot format indication (e.g. ‘sidelink’/’S’) for OFDM symbols/slots in a shared sidelink carrier and related flexible slot formats.

Mode 1/Mode 2 Resource Sharing
The sharing of resources within a BWP for UEs operating in Mode 1 and Mode 2 is vital for ensuring efficient resource allocation between the two modes. This issue was discussed in detail in LTE Release 15, where it was decided that the eNB controlled Mode 3 UEs would send reports back to the eNB. A similar approach can be undertaken for NR V2X as well. The key issue that arises with the sharing of resources is that the schedulers of UEs operating in each of the modes (gNB in the case of Mode 1 and the UE itself in Mode 2) have to be aware of the current resource allocation status, in order to prevent the collision of allocated resources.
In the case of a Mode 2 UE, since the UE itself has to identify available resources, it can sense the previous time slots and select the available resources. It can also sense the presence of a Mode 1 UE as well in the previous time slots, and can avoid using those time slots that are frequented by Mode 1 UEs. It has to be kept in mind that the sensing and the subsequent elimination of resources that are occupied by other UEs work only when sensing for repeated SPS transmissions. One shot (OS) transmissions in either Mode 1 or Mode 2 cannot be predicted and hence this information will not prove useful when the Mode 2 UE senses the previous time slots.
In the case of Mode 1 UEs, the gNB carries out the scheduling of the UEs and provides them with the exact resources in which they are to transmit. The problem with this method in a shared pool is that the gNB has no information about the Mode 2 UEs which are simultaneously competing for resources within the same pool.
The gNB would benefit immensely from any sort of occupancy reporting which would enable it to not select resources already being used by Mode 2 UEs. In order to facilitate this, we propose that occupancy reports can be sent by a Mode 1 UE back to the eNB.

Occupancy Reports
An occupancy report will inform the gNB about which resources are occupied by the Mode 2 (and Mode 1) UEs in the previous time slots. Using this information, the gNB can predict which resources a Mode 2 SPS UE would be using and can hence avoid these resources. It also can use the existing scheduling information it has about the Mode 1 UEs, and can easily eliminate the resources seen in the report that were being used by Mode 1 UEs.
These occupancy reports could be enhanced CBR reports, where Mode 1 UEs could provide the CBR values of each of the time slots in a given resource pool, thereby giving the gNB information regarding the occupancy state of each time slot.
The Mode 1 UEs could also send out sensing reports to the gNB, where the UE senses previous resources using the RSRP measured in them. Reporting this to the gNB would alert the gNB of resources occupied by all UEs, and given that it already knows the resources occupied by Mode 1 UEs, it can also derive the resources occupied by Mode 2 UEs alone. 
The reporting information from either of the occupancy reports described above would enable the gNB to avoid allocating the resources occupied by Mode 2 UEs and allocate resources to Mode 1 UEs in a more efficient manner.
Observation 3: The sending of occupancy reports by Mode 1 UEs to the gNB would enable the gNB to understand the occupancy status of resources, and whether the resources are being used by Mode 2 UEs.

[image: ]

Figure 2: Reporting by Mode 1 UEs in Resource Sharing Scenario

Overhead due to Reporting
The biggest challenge in the reporting of the channel occupancy status by Mode 1 UEs is the resulting overhead due to the signalling involved and the size of the report as well. 
Assuming that the Mode 1 and Mode 2 UEs share the same resource pool, all Mode 1 UEs operating within the pool would essentially sense the same pool and send the same occupancy report. Hence, we propose that only a subset of Mode 1 UEs send the occupancy report to the gNB, as seen in Figure 2.
[bookmark: _GoBack]The selection of the Mode 1 UEs sending the report can be carried out by the gNB based on a variety of parameters, e.g. by selecting the UE(s) with good link quality, having an upcoming PUSCH grant or depending on UE category. The gNB can signal the selected UE(s) to transmit the report in its upcoming measurement report using event triggers, similar to how the CBR reporting works in Release 14. This will reduce the overhead caused by all the UEs transmitting the report.
The size of the report being sent to the gNB can also be studied in order to ensure it does not cause any untoward overhead issues.
Observation 4: The impact of the overhead caused by reporting can be mitigated by having only a subset of Mode 1 UEs carrying out the reporting.
Proposal 3: We propose to study the benefits of Mode 1 NR V2X UEs supporting the sensing and reporting of the congestion status of resources to the gNB.

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Conclusion
Based on our analysis carried out in this contribution, we have the following observations:
Observation 1: NR flexible slot structure facilitates accommodation of a diverse range of traffic requirements (eMBB, URLLC).
Observation 2: Usage of flexible slots/symbols (F/X) for sidelink communication in a shared carrier may create interference. 
Observation 3: The sending of occupancy reports by Mode 1 UEs to the gNB would enable the gNB to understand the occupancy status of resources, and whether the resources are being used by Mode 2 UEs.
Observation 4: The impact of the overhead caused by reporting can be mitigated by having only a subset of Mode 1 UEs carrying out the reporting.
Based on these observations, we propose the following:
Proposal 1: Adopt the NR flexible slot format for NR sidelink in a shared carrier.
Proposal 2: Study dedicated slot format indication (e.g. ‘sidelink’/’S’) for OFDM symbols/slots in a shared sidelink carrier and related flexible slot formats.
Proposal 3: We propose to study the benefits of Mode 1 NR V2X UEs supporting the sensing and reporting of the congestion status of resources to the gNB.
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