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1. Introduction
This contribution is a revised version for R1-1808295.
In 3GPP RANP 80 meeting, the NR V2X SI was agreed. It will be studied in the following RAN1 meetings. It contains several objectives, and one of them 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 this contribution, we focus on the sidelink physical layer structures of NR V2X. To meet the requirements of some new V2X services [2], we share some discussions on whether it is necessary to introduce some features already defined in NR Uu into NR PC5.

2. Discussion  
In NR release 15, some latency sensitive services are supported, i.e. URLLC services. For URLLC services, a larger SCS with shorter slot length can be used to reduce the latency. Thus, various numerologies have been supported as shown in the below table for different services in NR release 15, e.g. eMBB and URLLC. The non-slot based scheduling is another way for latency reduction. It is allowed to schedule a series of consecutive symbols in which the total number of the symbols is less than 14.
Table 4.2-1[3]: Supported transmission numerologies.
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	Cyclic prefix

	0
	15
	Normal

	1
	30
	Normal

	2
	60
	Normal, Extended

	3
	120
	Normal

	4
	240
	Normal


Observation 1: Both the larger SCS and the non-slot based scheduling are supported in NR release 15 for latency sensitive services.

According to the scopes of Rel-16 V2X SI [2], some latency sensitive services should also be supported via NR sidelink (SL). Thus, maybe RAN 1 needs to discuss whether the larger SCS, the non-slot based transmission or both of them should be supported in NR sidelink.
2.1 Numerology
In LTE V2X, only 15 kHz SCS is supported due to the limitation of LTE framework. However, the framework changes to NR now, meanwhile, some new services and use cases need to be supported. Therefore, some further studies to support a larger SCS for NR V2X latency sensitive services are necessary. For example, the latency can be reduced when the SCS is changed from 15 kHz to 30 kHz, due to the TTI length is down scaled together and there are more transmission opportunities for a given time duration [1].
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Figure 1. The latency can be reduced for larger SCS
For NR sidelink, whether all numerologies supported in Rel-15 NR would be supported in sidelink may need to be considered. The quality requirement of target services may be one of the factors to this consideration. For example, PPPP (ProSe Per-Packet Priority) may need to be taken into account in numerology selection since the working carrier may somehow relate to PPPP and the numerology is usually configured per carrier/BWP of a UE. Besides, the working frequency of NR sidelink could be another factor to the consideration on numerology selection.
Proposal 1: Support of larger SCS than 15 kHz needs to be studied for NR sidelink.
2.2 NR sidelink slot structure

For NR V2X, it should be supported to use Uu licensed spectrum for sidelink transmission. Considering the different application scenarios of NR, like URLLC and eMBB, NR accepts to use flexible frame structure. In NR, the downlink only, the uplink only, and the flexible slot are supported. For the flexible slot, it includes some symbols with ‘unknown’ direction, which can be overwritten on a per-UE basis, or a group-common DCI with SFI-RNTI. 

Since the NR V2X needs to use Uu licensed spectrum, a multiplexing of Uu and NR sidelink should be supported. For flexibly using the Uu resource, the NR sidelink can use the similar slot structure for multiplexing Uu and slidelink. As shown in Fig. 2, both sidelink-only and multiplexed Uu & SL slot need to be supported for NR V2X (AGC symbol, gap symbol, etc. are included in SL). 
Comparing with the NR slot structure, it needs to introduce a new part, e.g., ‘SL’ part for NR sidelink slot structure.  Here, the ‘SL’ part may include the UL resource allocated for sidelink using and/or also the unknown symbols which can be dynamically configured for sidelink uses.
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Figure 2. NR sidelink slot structure

Proposal 2: Both the sidelink-only slot structure and the multiplexed Uu & SL slot structure need to be supported for NR V2X.
Proposal 3: It needs to introduce a new part, e.g., ‘SL’ part for NR sidelink slot structure, which include the UL resource allocated for sidelink uses and/or the unknown symbols which can be dynamically configured for sidelink using.
2.3 Non-slot based transmission 
The requirement of some low-latency and high-reliability services which is shown in the Rel-16 V2X SID [2] is comparable to what required by Rel-15 URLLC. Hence, except for the manner of larger SCS, non-slot based transmission/scheduling is worthy of a consideration.
In LTE V2X, sidelink can be deployed on the cellular UL carrier. If NR V2X sidelink can also work on the cellular uplink carrier, non-slot-based transmission/scheduling is useful. 
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 3. As shown in the figure, the UL symbols configured in the partial DL/UL slot cannot be utilized for sidelink transmission. 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.
Non-slot based transmission has no aforementioned problem which the larger-SCS slot has to confront. Non-slot based transmission can perfectly align the existing slot-flexible structures as shown in Figure 4. 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. 
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Figure 3. Some symbols indicated as ”UL” cannot be used for sidelink if only adopt the larger SCS 
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Figure 4. UL symbols in a partial DL/UL slot can be used for sidelink if non-slot transmission is adopted

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 4: Support of non-slot based transmission needs to be studied for NR sidelink as well.
2.4 Bitmap for NR sidelink

In LTE V2X, the resource pool in time domain is defined by a repeating bitmap mapped to all subframes except downlink subframes and sidelink synchronization subframes. The bitmap length for LTE-V2X can be 16, 20, or 100. For the uplink subframes, the bitmap can indicate which subframes are used for LTE V2X. For example, in bitmap, the bit indicates 1 means that this subframe can be used for V2X transmission, while 0 means that it is used for uplink transmission, as shown in Figure 5. Thus, using this bitmap information, those uplink subframes used for LTE V2X are becoming the time resource of a resource pool. Then V2X UE can select resource from resource pool for its transmission. 
Using the above bitmap scheme, LTE V2X support the broadcast by using flexible configuration of resource pools so that different resource pools in a carrier can be TDM, FDM or a mix of TDM/FDM. For NR Sidelink communication, not only broadcast but unicast and groupcast should also be supported. Thus, similar to LTE V2X, NR sidelink should use the resource pool as well, based on the bitmap scheme for resource selecting and SCI blind detecting. 
Proposal 5: NR sidelink should use the resource pool as well based on the bitmap scheme for resource selecting and SCI blind detecting.
NR V2X need to support low latency traffic, such as 3ms end to end latency. By using resource selection from bitmap based resource pool, it may result in extra latency considering the existing of the slots indicated as 0 from bitmap, which cannot be used for sidelink. As shown in Figure 5, when emergency V2X traffic exists, it has to wait for 3 slots since there are no available resource for NR sidelink uses within 3 slots as indicated by bitmap. Thus, the latency will be increased by 3 slots as shown in the figure. Therefore, the method to assure the low latency requirement should be further studied by using bitmap based resource indication.
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Figure 5 Example of bitmap indication
Proposal 6: The method to assure the low latency requirement should be further studied by using the bitmap based resource indication.


3. 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. The observation and proposals are listed as below.
Observation 1: Both the larger SCS and the non-slot based scheduling are supported in NR release 15 for latency sensitive services.

Proposal 1: Support of larger SCS than 15 kHz needs to be studied for NR sidelink.
Proposal 2: Both the sidelink-only slot structure and the multiplexed Uu & SL slot structure need to be supported for NR V2X.
Proposal 3: It needs to introduce a new part, e.g., ‘SL’ part for NR sidelink slot structure, which include the UL resource allocated for sidelink using and/or also the unknown symbols which can be dynamically configured for sidelink uses.

Proposal 4: Support of non-slot based transmission needs to be studied for NR sidelink as well.

Proposal 5: NR sidelink should use the resource pool as well based on the bitmap scheme for resource selecting and SCI blind detecting.
Proposal 6: The method to assure the low latency requirement should be further studied by using the bitmap based resource indication.
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