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Introduction
According to RAN 1 #94bis meeting [1], some agreements are achieved and detail issues should be further discussed in NR sidelink study as following:
· The supported CP length 
· SCS
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
Baseline is that a UE is not required to receive sidelink transmissions using different SCSs simultaneously in a given carrier.
· Waveform
CP-OFDM only
Support both
· For PSCCH and associated PSSCH multiplexing
At least one of Option 1A, 1B, and 3 is supported.
· FFS whether some options require transient period between PSCCH and PSSCH.
FFS whether to support Option 2
· SCI format
SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH
· SFCI 
FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.
FFS how to include other feedback information (if supported) in SFCI.
FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel
Resource pool & BWP
At least resource pool is supported for NR sidelink
UE assumes a single numerology in using a resource pool.
FFS whether a resource pool consists of contiguous resources in time and/or frequency.
FFS if BWP (if defined) can be used to in defining at least part of resource pool
FFS if the numerology of a resource pool is indicated as a part of (pre-)configuration for resource pool, carrier, band, or BWP (if defined)
FFS BWP is supported for NR sidelink
FFS whether RAN1 can assume that at most one BWP is configured in a carrier from the system perspective.
It is RAN1 understanding that, in some cases, the entire system bandwidth is covered by a single BWP.
FFS the details of BWP configurations, including the possibility of restricting the number of BWPs
FFS whether BWP for TX and RX is separated or a common BWP applied to both TX and RX
There is at most one activated sidelink BWP for a UE in a given carrier as in the Uu case
Further study the feasibility, benefit, and impact of sidelink BWP switching
According to the agreements list above, further analyses and proposals are presented in this contribution on NR sidelink physical layer structures.
Discussion 
Waveform for sidelink
During RAN1#94bis meeting, there is no clear conclusion on available waveform for sidelink. Two options are considered:
Option 1: CP-OFDM only
Option 2: Both CP-OFDM and DFT-S-OFDM are supported
On NR UL transmission, both types of waveforms and corresponding signals/processing are available. Because sidelink UE should also act as a normal UE and Uu UL schemes can be reused on sidelink in principle, there seems no significant reason to restrict the available types of waveform on sidelink.  
Proposal 1: Both CP-OFDM and DFT-S-OFDM are supported on sidelink.
Symbol type for sidelink
NR defines D/X/U symbols types, where X refers to flexible symbol that can be redefined for use as DL or UL. Similar to LTE sidelink, NR V2X should not utilize the NR “D” symbols in case the sidelink shares resources with cellular communication, because doing such can generate inevitable interference to Uu link. In order to reuse LTE sidelink design logic as much as possible, NR should at least follow the way how LTE sidelink utilize Uu link resource, i.e., to assume the UL resources (symbols) are available to sidelink. The remaining question is whether the NR flexible symbol should also be available to sidelink. With the following reasoning, 
· The reserved resource on Uu link, which can be naturally used by wireless links other than Uu link, comes in terms of flexible symbols. 
· The set of “U+X” symbols gives sidelink the higher chance of sufficient resource to use and higher flexibility, comparing to set of “U” symbols only.
· Using “U” symbols for sidelink can be treated as a special case of using “U+X” symbols. Whether to include “X” symbols in scheduling may depend on whether the resource scheduler is sure about the usage privilege of symbol “X” (e.g., not to be used by Uu link). Such privilege knowledge can be indicated to resource scheduler, e.g., by gNB configuration.
We propose that:
Proposal 2: The time resources for NR sidelink can be configured from both UL (U) symbols and flexible (X) symbols defined in TDD-UL-DL-ConfigCommon.
SCS on sidelink
RAN1 #94bis agreed that:
-  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
One further question is whether different SCSs can be configured on one sidelink carrier.
In order to determine a suitable SCS for sidelink communication, quite a few factors should be taken into account, including sidelink feature, service type, UE speed, coverage range, latency requirement, whether the sidelink is dedicated to V2X or shared with Uu link, and etc. It is usually hard to set a single SCS on the sidelink carrier because any single supported SCS may not be able to meet all the requirements of sidelink communication.
If different SCSs are used for sidelink on a carrier, the next question is the resource granularity in using different SCSs.  On NR Uu, it can be configured per BWP and the same rule can be applied to sidelink if BWP for sidelink is defined.  Besides BWP, different SCSs can also be configured per resource pool for additional flexibility. 
Proposal 3:  Support different SCSs configured on one carrier for sidelink.  Further discuss the following two options:
- Option1: The different SCSs can be configured per BWP (if defined) ;
- Option 2: The different SCSs can be configured per resource pool.
SCI/SFCI format and resource
As the ACK/NACK feedback information is introduced in NR sidelink communication, named as SFCI, there are two options of SFCI design: 
- Option 1: defining a new dedicated SFCI format 
- Option 2: defining an uniform format which contains both SCI and SFCI
Option 1 means that the new SFCI format carries only A/N feedback(may be other feedback FFS) information without SCI.  Accordingly, the resource schemes of option 1 include the following: 
1-a) defining a new type of channel for SFCI, namely PSFCH; 
1-b) sharing PSCCH resource with SCI format; 
1-c) multiplexing in PSSCH.  
Comparing to other two schemes, scheme 1-a) seems to be more flexible and feasible to avoid introducing additional issues, more details need to be discussed.
With option 2, it means that an uniform sidelink control information format should be defined which contains SCI domain and SFCI domain, the bits in each domain are effective when the relevant information is present, i.e. the format may show in different ways such as SCI only, SFCI only, SCI+SFCI.  Since the uniform format is used for carrying SCI and/or SFCI, the PSCCH resource should be used and no new physical channel is needed, or it may multiplex within PSSCH resource.  Obviously, an uniform format with SCI domain and SFCI domain requires more bits overhead in the format which may cause lower resource efficiency comparing to the case when only SCI or SFCI is transmitted. 
Proposal 4:  The following two options for SCI/SFCI should be further studied:
- Option 1: defining a new dedicate SFCI format;
- Option 2:  defining a uniform format which contains both SCI and SFCI.
Resource relationship between PSCCH and PSSCH
Options 1A and 1B of the multiplexing of PSCCH and PSSCH channel resource are shown in Figure 1.
[image: #95- PSCCH Vs PSSCH]
Figure 1 Option 1A and 1B
For option 1A and 1B, PSCCH channel and corresponding PSSCH channel are strictly TDMed by using different symbols, whereas option 1A with same RBs of the two channels and option 1B can use different RBs for them.  
Using option 1A, for different requirement of services or data packets, the PSSCH resource should be various which may contain different number of RBs or symbols.  As the frequency resources used for PSCCH and corresponding PSSCH are the same, it is to say the number of RBs of a PSCCH resource should be diverse.  In other words, a PSCCH resource unit needs to be defined with multiple cases with different number of symbols and RBs since the payload of SCI is the same.  Based on that, it will cause more complexity on SCI blind detection.
Comparing to option 1A, option 1B maintains an uniform PSCCH channel resource unit no matter how many RBs are used on PSSCH, i.e. the number of symbols and RBs of a PSCCH resource can be well-determined and no extra detection complexity.
Observation 1: Option 1A may cause various PSCCH channel resource unit with different number of symbols and RBs which leads to more complexity of PSCCH blind detection.
Considering option 3, it is the scheme which has the most flexibility of PSCCH and PSSCH channel resource allocation, allowing different symbols and RBs to be used for the two channels as shown in Figure 2.  Since the relationship of PSCCH and PSSCH channel resource may be FDM + TDM with option 3, it is more suitable to be used within integrate sidelink resource pool.
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Figure 2 Option 3
Based on the discussion above, we propose that:
Proposal 5:  Option 1B and 3 should be further studied for PSCCH and PSSCH multiplexing.
Resource pool schemes
Resource pool structure
The available sidelink resource pool structure is highly related to the schemes of PSCCH and PSSCH channel multiplexing.  As option 1B and 3 of the PSCCH and PSSCH are proposed for further studied as discussed above, the TDM nature of resource pool structure is consequently clear, i.e. FDM resource pool structure needs less consideration.
As mentioned in [2], an integrate resource pool structure, which is assigned with multiple slots/symbols and multiple RBs by RRC signaling or pre-configuration and shared by both PSCCH and PSSCH, is preferred for NR sidelink. An example of integrate resource pool is shown in Figure 3.  Within the resource pool, several candidate PSCCH resources are configured. As in LTE sidelink, if there is no SCI carried on a PSCCH resource, it can be used as PSSCH resources. Such integrate resource pool supports both option 1B and option 3 of PSCCH/PSSCH multiplexing. The mapping of PSSCH starts behind PSCCH for option 1B and starts from the first PSCCH symbol for option 3.  
[image: #95 integrate pool and PSCCH ]
Figure 3 An example of integrate resource pool
Proposal 6: The integrate sidelink resource pool scheme should be supported for NR sidelink, and the resources for PSCCH can be flexibly configured in the integrated resource pool.
BWP and resource pool
From UE’s perspective, resource pool allocation based on a certain BWP can provide some additional flexibility and convenience.  For instance, several resource pools within a BWP can be configured for different service types. Because a single SCS is configured per BWP, resource pools within one BWP have the same SCS configuration.  A UE can easily switch the transmitting resource pool in the same BWP according to the requirement without modifying its SCS.  Besides that, more flexibility can be provided on resource pool configuration as more subtle resource allocation on both frequency domain and time domain can be assigned for a resource pool while the BWP has defined a relevant larger range on frequency. 
Similar to Uu link, sidelink can have several BWPs to be assigned on the system frequency resource domain, depending on factors such as UE capability, scenarios, service types and etc.  In general, defining BWP on sidelink can reuse the scheme similar with Uu in principle and one BWP should be active for a transmitting UE at a time.
Proposal 7: BWP should be used to assign sidelink resources, and several resource pools can be configured within a BWP.
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Conclusion
In this paper, preliminary discussion on physical layer structures of sidelink is presented and the following proposals are given as following:
Proposal 1: Both CP-OFDM and DFT-S-OFDM are supported on sidelink.
Proposal 2: The time resources for NR sidelink can be configured from both UL (U) symbols and flexible (X) symbols defined in TDD-UL-DL-ConfigCommon.
Proposal 3:  Support different SCSs configured on one carrier for sidelink.  Further discuss the following two options:
- Option1: The different SCSs can be configured per BWP (if defined) ;
- Option 2: The different SCSs can be configured per resource pool.
Proposal 4:  The following two options for SCI/SFCI should be further studied:
- Option 1: defining a new dedicate SFCI format;
- Option 2:  defining a uniform format which contains both SCI and SFCI.
Observation 1: Option 1A may cause various PSCCH channel resource unit with different number of symbols and RBs which leads to more complexity of PSCCH blind detection.
Proposal 5:  Option 1B and 3 should be further studied for PSCCH and PSSCH multiplexing.
Proposal 6: The integrate sidelink resource pool scheme should be supported for NR sidelink, and the resources for PSCCH can be flexibly configured in the integrated resource pool.
Proposal 7: BWP should be used to assign sidelink resources, and several resource pools can be configured within a BWP.
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