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Introduction
According to the agreements in RAN 1 #94 meeting[1], the following issues should be further discussed in NR Sidelink study:
· Waveform
CP-OFDM only
Support both
· Subcarrier spacing
FR1: 15 kHz, 30 kHz, 60 kHz, 120 kHz 
FR2: 30 kHz, 60 kHz, 120 kHz, 240 kHz
· Multiplexing of PSCCH and the associated PSSCH.
Option 1: PSCCH and the associated PSSCH are transmitted using non-overlapping time resources.
· Option 1A: The frequency resources used by the two channels are the same.
· Option 1B: The frequency resources used by the two channels can be different.
Option 2: PSCCH and the associated PSSCH are transmitted using non-overlapping frequency resources 		in the all the time resources used for transmission. The time resources used by the two channels are the       
  same.
Option 3: A part of PSCCH and the associated PSSCH are transmitted using overlapping time     
 resources in non-overlapping frequency resources, but another part of the associated PSSCH and/or 
 another part of the PSCCH are transmitted using non-overlapping time resources.
Besides the above issues, the available symbol type and resource pool schemes for Sidelink are also discussed.  In this contribution, we present elementary analyses and give some proposals for further study.
Discussion 
Waveform for Sidelink
According to the discussion from RAN1#94, the options about waveform for Sidelink include:
Option 1: CP-OFDM only
Option 2: Both CP-OFDM and DFT-S-OFDM are supported
On NR UL transmission, both of the two types of waveforms are available and related schemes are standardized, as DMRS, physical processing, etc.  Since Sidelink UE should also act as a normal UE and Uu UL schemes can be reused on Sidelink in principle, there is no significant reason to restrict the available types of waveform on Sidelink.  
Considering those points, we propose the following:
Proposal 1: Both CP-OFDM and DFT-S-OFDM are supported on Sidelink.
Symbol type for Sidelink
Different from only UL resource used for Sidelink in LTE, flexible “X” symbol type is defined in NR which can be reconfigured as UL “U” symbol.  For the case when Sidelink shares resources with cellular communication, the Sidelink resources should be configured based on the cell common configuration of D/X/U symbols. The same as it in LTE Sidelink communication, the “D” symbols should not be used for NR V2X as it may cause inevitable interference to Uu receiving   Therefore, “U” and “X” symbols may be used as Sidelink resources, and three candidate cases of the symbol types should be discussed for NR Sidelink as below:
Case 1: UL symbols
Case 2:  X symbols
Case 3:  UL+X symbols
For case 1, without using X symbols, it has no impact on the rules related to X symbols.  A potential demerit of case 1 is that the available number of symbols, i.e. configured as cellular common UL symbols, may be not sufficient for V2X requirement.
The main merit of case 2 is that it may have less impact on cellular UL as the X symbols included in Sidelink resource pool are reserved for Sidelink and should not be scheduled for cellular UEs.  The independent resources for Sidelink leads no influence on cellular UL and full resource flexibility for Sidelink.  Obviously, it calls for dedicate X symbols for Sidelink which limits resource scheduling on X symbol of cellular communication.
Case 3 can be seen as a hybrid scheme of case 1 and case 2.  The hybrid scheme requires more resource assignment complexity and control indication overhead while it also provides more available number of symbols and resource flexibility for Sidelink.  
As discussed above, in order to obtain higher flexibility and introduce less limitation of Sidelink resource allocation, we propose to use both “U” and “X” symbols for Sidelink, the detail symbols allocation for Sidelink should be assigned by gNB or system preconfiguration.
Proposal 2: When the Sidelink resources are multiplexing with Uu, the type of symbols which are included in Sidelink resource pool should be in line with Uu cell common configuration, i.e. using Uu cell common configured UL and X symbol for Sidelink  
SCS on Sidelink
For FR1 and FR2, suitable subcarrier spacing configuration are configured for cellular communication.  As the main factors which have impact on the SCS includes carrier character, channel circumstance, UE moving speed, etc.  These factors on NR Sidelink are similar to those on cellular communication and we find no need to make further discussion or extension of SCS for NR Sidelink.
Proposal 3: No extra SCS value should be introduced for Sidelink, i.e. confirm the SCS assumption for Sidelink as:
FR1: 15 kHz, 30 kHz, 60 kHz, 120 kHz 
FR2: 30 kHz, 60 kHz, 120 kHz, 240 kHz.
Resource pool schemes
Necessity of Sidelink resource pool 
In LTE Sidelink communication, resource pools are configured to provide the available resources for Sidelink in both time domain and frequency domain.  For NR Sidelink communication, BWP can be used to indicate the frequency resources configured for Sidelink while slots and symbols allocation of Sidelink should also be assigned in time domain.  Furthermore, several resource pools may be configured within one BWP for diverse services.  
As broadcast and groupcast should be supported in NR Sidelink, it means that blind detection of SCI should be considered which needs a certain resource pool allocation in both time and frequency domain.  For Sidelink unicast, although the signaling is exchanged between two UEs and the point-to-point connection may be established, a resource pool should be assigned at least for initial connection setup or SCI detection. 
Besides that, mode 2 resource scheme [4] needs to be considered in NR Sidelink design which also requires determinate resource pool for resource selecting and SCI blind detecting.  Considering the above factors, we propose to confirm that a Sidelink resource pool configuration on NR Sidelink, at least for groupcast, broadcast and mode 2 based scheme is needed. 
Proposal 4:  Sidelink resource pools should be configured on NR Sidelink.
Resource pool allocation 
Sidelink resource pools should be pre-configured or indicated to V2X UE.  For the case that resources are multiplexed between V2X UEs and cellular UEs, Sidelink resource pool may occupy partial resources of Uu and be assigned by gNB. In order to inform the Sidelink resource pool configuration to all V2X UEs, especially for RRC-idle UEs, the Sidelink resource pool allocation should be indicated by broadcast signalling. Furthermore, dedicated or group common configuration can be indicated by RRC signalling for RRC-connected UEs. 
 Proposal 5: Sidelink resource pool should be assigned by broadcast signalling or dedicated RRC signalling. 
Resource pool structure
In NR, although symbol level resource allocation can be achieved, TDM PSCCH/PSSCH resource pool may not be suitable for Sidelink for the reason that not all the X/U symbols can be used for V2X signalling while the resources are shared with cellular communication. In general, TDM PSCCH/PSSCH resource pool means that the UE needs to transmit SCI and data on different symbols.  It may introduce extra latency, especially when the resource pool is assigned on non-consecutive symbols, and it may aggravate half-duplex impact.  Considering that, a strict TDM PSCCH/PSSCH resource pool structure in which the two resource pools are configured, with different symbols, is not appropriate for NR Sidelink. 
Observation 1: TDM PSCCH and PSSCH resource pool structure may not be appropriate for NR Sidelink since it may introduce extra latency while PSCCH and PSSCH are transmitted on different symbols. 
FDM PSCCH/PSSCH resource pool structure means that PSCCH and PSSCH resources are assigned with different PRBs on every symbol used for Sidelink.  There is no limitation on time domain resource allocation with FDM PSCCH/PSSCH resource pool, and it keeps a consistency of PSCCH/PSSCH resource pool structure on each symbol for Sidelink, no matter which type of U/X symbols is used for Sidelink.  On the other hand, FDM resource pool scheme cannot provide flexibility of Sidelink channel resource allocation on time domain, i.e. the symbols used for PSCCH and corresponding PSSCH should be the same.  It may cause inefficient use of resources.
Observation 2: FDM PSCCH and PSSCH resource pool structure limits the flexibility of channel resource allocation.
Proposal 6: FDM PSCCH and PSSCH resource pool should be further studied for NR Sidelink. 
Compared to the legacy TDM or FDM resource pool scheme, an integrate Sidelink resource pool structure should be considered in the NR Sidelink discussion. 
An integrate resource pool for Sidelink is defined as being the resources included in the resource pool that can be flexibly used as either PSCCH or PSSCH channel resources.  With the integrate Sidelink resource pool, arbitrary relationship between PSCCH and PSSCH can be supported.  All the options of multiplexing of PSCCH and corresponding PSSCH schemes can be assigned in it.  For Sidelink resource discussion, the integrate Sidelink resource pool provides more space for PSCCH/PSSCH channel resource scheme. 
Proposal 7: The integrate Sidelink resource pool scheme, i.e. the resources included in the Sidelink resource pool can be flexibly configured as PSCCH channel resource or PSSCH channel resource, should be supported for NR Sidelink. 
Resource relationship between PSCCH and PSSCH
According to the agreement in RAN1#94 meeting, several options of the multiplexing of PSCCH and PSSCH channel resource are agreed for further discussion, as shown in Figure 1.
[image: #94bis- PSCCH Vs PSSCH]
Figure 1 options of multiplexing of PSCCH and PSSCH
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.  The major advantage of option1A and 1B is that SCI can be received before the data transmission, which leads to less latency and benefits receiving UEs to determine whether the corresponding PSSCH need to be received.  On the other hand, as option 1A bundling the same frequency resources for PSCCH and PSSCH, the flexibility of PSSCH resource is restricted.  From this perspective, option 1B may provide more flexibility than 1A while different RBs can be used for PSSCH.  At the same time, different frequency resources used for PSCCH and PSSCH may introduce an extra AGC issue on the boundary between the two channels.
Option 2 is a scheme similar as the sub-channel based PSSCH and PSCCH scheme in LTE V2X, i.e. the two channels are FDMed and with same time domain resources.  It is more suitable for the FDM PSCCH/PSSCH resource pool scheme and has the merit on AGC training since there is no GP between the two channels in time domain.  One major issue we should discuss for option 2 is that, in contrast to LTE V2X where all the Sidelink channels occupy one subframe in time domain, the symbols of a Sidelink channel resource may be diverse in NR V2X.  Considering that, when PSCCH uses the same time resources with PSSCH, it means multiple PSCCH channel resource units should be defined with different symbols and RBs according to the available symbols within a slot for Sidelink.  It may cause more complexity for SCI blind detection.
Obviously, option 3 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.  Since the relationship of PSCCH and PSSCH channel resource may be FDM + TDM with option 3, it can be supported based on the integrate Sidelink resource pool.  In a way, option 3 can be known as a hybrid scheme of option 1B and option 2, accordingly, the demerits of option 1B and option 2 should also be considered for option 3, such as the AGC issue, etc.  Even though more complexity and discussion are required upon using option 3, the higher flexibility of resource allocation is a significant advantage while the requirements of NR Sidelink communication are diverse according to multiple scenarios and severing types. 
[bookmark: _GoBack]Based on the discussion above, we provide our observation and proposal as:
Observation 3: Based on integrate Sidelink resource pool, all the options of PSCCH and PSSCH can be supported.
Proposal 8: The scheme of multiplexing of PSCCH and PSSCH channel resources, i.e. option 1A/1B/2/3, should be further studied and determined according to Sidelink resource pool scheme and AGC issue assumption.
[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: When the Sidelink resources are multiplexing with Uu, the type of symbols which are included in Sidelink resource pool should be in line with Uu cell common configuration, i.e. using Uu cell common configured UL and X symbol for Sidelink  
Proposal 3: No extra SCS value should be introduced for Sidelink, i.e. confirm the SCS assumption for Sidelink as:
FR1: 15 kHz, 30 kHz, 60 kHz, 120 kHz 
FR2: 30 kHz, 60 kHz, 120 kHz, 240 kHz.
Proposal 4:  Sidelink resource pools should be configured on NR Sidelink.
 Proposal 5: Sidelink resource pool should be assigned by broadcast signalling or dedicated RRC signalling. 
Observation 1: TDM PSCCH and PSSCH resource pool structure may not be appropriate for NR Sidelink since it may introduce extra latency while PSCCH and PSSCH are transmitted on different symbols. 
Observation 2: FDM PSCCH and PSSCH resource pool structure limits the flexibility of channel resource allocation.
Proposal 6: FDM PSCCH and PSSCH resource pool should be further studied for NR Sidelink.
Proposal 7: The integrate Sidelink resource pool scheme, i.e. the resources included in the Sidelink resource pool can be flexibly configured as PSCCH channel resource or PSSCH channel resource, should be supported for NR Sidelink. 
Observation 3: Based on integrate Sidelink resource pool, all the options of PSCCH and PSSCH can be supported.
Proposal 8: The scheme of multiplexing of PSCCH and PSSCH channel resources, i.e. option 1A/1B/2/3, should be further studied and determined according to Sidelink resource pool scheme and AGC issue assumption.
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