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1. Introduction
This contribution is a revised version for R1-1810590.
In 3GPP RAN #80 meeting, the NR V2X SI was agreed. One of scopes in this SI is as follows [1]:
1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 

· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)
· Study sidelink synchronization mechanism
· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols
NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.

In RAN1 94 meeting, it was agreed that both of the shared licensed carrier with Uu and the dedicated carrier can be used for NR sidelink transmission at least for mode 1.

Agreements:

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

· Shared licensed carrier between Uu and NR sidelink

· Dedicated NR sidelink carrier
In  RAN1 94bis meeting, an agreement on the SCSs of the sidelink was achieved.

Agreements:

· NR sidelink supports the SCSs supported by Uu in a given frequency range, i.e., {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2.

· FFS the supported CP length
· Baseline is that a UE is not required to receive sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
· Baseline is that a UE is not required to transmit sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
Another agreement has also been achieved in RAN1 94bis meeting in order to study which resources can be used for sidelink transmission in the case of shared carrier.

Agreements:

· Study further which resources to use for SL transmission and other network-control sidelink issues (e.g., power control) in the case of shared carrier. 
Based on the above agreement, the sidelink physical layer structures of NR V2X is discussed in this contribution. To meet the requirements of some new V2X services [2], firstly, whether it is necessary to introduce some features already defined in NR Uu into NR PC5 is discussed. Then, the sidelink time domain resource pool is considered.


2. Non-slot based transmission 
In NR Rel-15, both slot-based scheduling with larger SCS and non-slot based scheduling could be used to support latency sensitive services, e.g. URLLC.

In NR Rel-16, some latency sensitive services similar to Rel-15 URLLC are expected to be supported in sidelink of V2X. As shown in the introduction section, in the last meeting, adopting larger SCS has already been agreed in RAN1.

Non-slot based scheduling is necessary in NR-V2X sidelink as well. Especially, non-slot based scheduling is preferred when NR-V2X sidelink is deployed on a cellular carrier which adopts lower SCS.
NR V2X using cellular carriers which adopt lower SCS is a common scenario. Usually, these carriers are deployed with lower than 4GHz. Frequency bands lower than 4GHz are important to achieve a comparable coverage to 4G network. Lower SCS seems to be a more preferable choice for carriers lower than 4GHz. This is because lower SCS is able to provide CPs with proper lengths to cover the possible large delay spread the UEs experience in macro cells. Hence, the scenario where NR V2X is deployed on cellular carriers with lower SCS should be considered in V2X sidelink discussion.
For another thing, the resource efficiency could be a bottleneck when latency sensitive services with high required data rate are supported over sidelink. In NR V2X, the data rate could be more than 25Mbps. In the meanwhile the required reliability is 99.99% or 99.999% within 3ms-latency. The amount of required resource to support a service with such stringent requirement would be considerable. Hence, how to efficiently utilize resource would be a critical problem to be answered in NR V2X.
The efficiency of using slot-based scheduling with higher SCS to support sensitive services is questionable when NR-V2X sidelink is over a cellular carrier which adopts lower SCS. This conclusion can be obtained based on the following analyses.
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Figure 1. Some symbols indicated as ”UL” cannot be used for sidelink if only adopt the larger SCS 

A cellular carrier usually utilizes smaller SCS (e.g. 15 kHz). For the flexible slot format in NR, a part of symbols can be used as “UL” and the position of the “UL” symbols is quite flexible. 56 slot structures are provided which could be extended to 256 in the future. If larger-SCS slots (e.g. 30 kHz etc.) are adopted for sidelink transmission on the cellular uplink carrier, how to align a larger-SCS slot with some smaller-SCS symbols in a flexible position could be a problem as shown in Figure 1. As shown in the figure, the UL symbols configured in the partial DL/UL slot cannot be utilized for sidelink transmission due to these “UL” symbols cannot be exactly replaced by an integer number of larger-SCS slots. The actual reason is the relative position of a lager-SCS slot (e.g. 30 kHz) to the smaller-SCS slot (e.g. 15 kHz) is fixed according to their definitions in NR. Hence, sometimes, these “UL” symbols cannot be exactly replaced by an integer number of larger-SCS slots. If this is the case, the efficiency of utilizing larger-SCS to support sidelink on a cellular UL carrier would be low. 
Another point is if the larger-SCS slot is adopted and this kind of misalignment occurs, V2X users may need to wait till a larger-SCS slot can start. This may lead to a latency extension due to the additional waiting time.
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Figure 2. UL symbols in a partial DL/UL slot can be used for sidelink if non-slot transmission is adopted

Non-slot based transmission has no aforementioned problem which the larger-SCS slot has to confront. If non-slot based transmission is supported, the UL symbols configured in the partial DL/UL slot can be utilized for sidelink, and then non-slot based transmission can perfectly align the existing slot-flexible structures as shown in Figure 2. From this point of view, if the support of sidelink on the cellular UL carrier is agreed, non-slot based transmission should be taken into account. 
Observation 1: Non-slot based transmission is worthy of a consideration for low-latency and high-reliability services. Moreover, it can provide more efficiencies for NR sidelink when deployed on cellular carriers.
If adopting non-slot-based transmission to support sidelink, how many symbols could be utilized in one-shot transmission needs a further discussion. In this discussion, the ratio of DMRS, the guard period and AGC symbols may need to be taken into account.
Proposal 1: Support of non-slot based transmission needs to be studied for NR sidelink as well.
3. Resource pool in time domain for NR sidelink

In LTE V2X, the resource pool in time domain is defined by a repeating bitmap, i.e. the bitmap is used to indicate which subframes are included in the resource pool. For example, in the bitmap, the bit “1” means that this subframe is included in the resource pool and can be used for V2X transmission, while “0” means it is not included and cannot be used by V2X UE. The V2X UE can only select or be scheduled with the resources from its own resource pool. If the working mode is TDD, only the uplink subframes can be included in resource pool and used for sidelink transmission when V2X is deployed on LTE licensed spectrum.
It seems that NR V2X can also be deployed on both licensed and vehicular spectrum. If NR V2X is deployed on the vehicular spectrum, all of the time domain resources in the carrier can be included in the resource pool; however, if NR V2X is deployed on the licensed spectrum, we need to carefully consider the possible existing problems. In more details, as mentioned before, a flexible slot structure is supported in NR, and the symbols with ‘unknown’ direction configured by the cell-specific high layer IE can be overwritten on a per-UE basis, or further by a group-common DCI with SFI-RNTI. Thus, the time domain resources can be divided into two parts: a “semi-statically configured symbols’ direction” part and a “dynamic indication symbols’ direction” part. 
For the former part of resources, the resource pool in time domain can still be defined by a repeating bitmap; but for the latter, a bitmap which is semi-statically configured along with the resource pool’s configuration, is no longer applicable because the direction of the symbols are still "unknown" until a DCI of format 2_0 is received. Based on such considerations, one possible solution is also using DCI to dynamically indicate which time resources are included in resource pool for this part of resources. DCI format 2_0 can be reused for this purpose, or by designing another new DCI format. This method can also be used to reduce the latency caused by some bits in the bitmap which are configured to “0”.
Proposal 2: 
· In NR V2X, the resource pool in time domain could be defined by a repeating bitmap like LTE V2X.
· Time resources in the resource pool could be further dynamically indicated by DCI. 
· FFS whether DCI format 2_0 could be reused for this dynamic indication.


4. Conclusion
In this contribution, we give some working assumptions about the introduction of NR features into V2X for the sidelink physical layer structures, mainly to meet the requirements of advanced V2X services, also expressed some views on the time domain resource pool. The observation and proposals are listed as below.
Observation 1: Non-slot based transmission is worthy of a consideration for low-latency and high-reliability services. Moreover, it can provide more efficiencies for NR sidelink when deployed on cellular carriers.
Proposal 1: Support of non-slot based transmission needs to be studied for NR sidelink as well.

Proposal 2: 

· In NR V2X, the resource pool in time domain could be defined by a repeating bitmap like LTE V2X.

· Time resources in the resource pool could be further dynamically indicated by DCI. 

· FFS whether DCI format 2_0 could be reused for this dynamic indication.
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