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Introduction
According to RAN 1 #95 meeting [1], some agreements are achieved and detail issues should be further discussed in NR sidelink study as following:
Agreements:
· A single waveform is used in all the sidelink channels in a carrier.
· BWP is defined for NR sidelink.
· In a licensed carrier, SL BWP is defined separately from BWP for Uu from the specification perspective.
· FFS the relation with Uu BWP.
· The same SL BWP is used for both Tx and Rx.
· Each resource pool is (pre)configured within a SL BWP. 
· Only one SL BWP is (pre)configured for RRC idle or out of coverage NR V2X UEs in a carrier. 
· For RRC connected UEs, only one SL BWP is active in a carrier. No signalling is exchanged in sidelink for activation and deactivation of SL BWP.
· Working assumption: only one SL BWP is configured in a carrier for a NR V2X UE
· Revisit in the next meeting if significant issues are found
· Numerology is a part of SL BWP configuration. 
Working assumption:
· Regarding PSCCH / PSSCH multiplexing, at least option 3 is supported for CP-OFDM.
· RAN1 assumes that transient period is not needed between symbols containing PSCCH and symbols not containing PSCCH in the supported design of option 3.
· FFS how to determine the starting symbol of PSCCH and the associated PSSCH
· FFS for other options. e.g. whether some of them are supported to increase PSCCH coverage.
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
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: DFT-S-OFDM on sidelink is supported, and configured or pre-configured per carrier.
Symbol type for sidelink
NR defines D/F/U symbols types, where F refers to flexible symbol that can be redefined for use as DL or UL. Similar to LTE sidelink, according to the cell common configuration of D/F/U symbols on NR Uu, NR V2X should not utilize the “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, F} 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, F} symbols. Whether to include “F” symbols in scheduling may depend on whether the resource scheduler is sure about the usage privilege of symbol “F” (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 (F) symbols.
PSCCH channel unit
As PSCCH is used for carrying SCI which should be detected blindly by receiving UEs on sidelink, the potential resource unit of a PSCCH channel should be known in order to complete the SCI receiving process.  
There are two options on defining resource unit of a PSCCH channel in detail:
· Option 1:  Fixed resource unit of a PSCCH channel , i.e. one PSCCH channel contains l0symbols and k0 RBs;
· Option 2: A few potential values of the resource unit of a PSCCH channel, such as a set of [l, k], each of which is specific to sidelink parameters, e.g., SCS. 
Obviously, option 1 is a simple way to provide a uniform progress for SCI detection for all cases.  It is independent of the configuration of SCS, resource pool or even the multiplexing mode of PSCCH and PSSCH.  As shown in figure 1, although the actual time length and frequency width of a PSCCH resource unit are various according to different SCS, the number of symbols and RBs of a PSCCH resource are same which means common design can be used regardless of configured SCS, such as DMRS pattern, SCI size, etc.  Furthermore, based on [l0, k0] unit of each PSCCH channel, all the PSCCH resources can be easily divided and allocated within a resource pool according to certain rules.  
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Figure 1 Fixed unit of a PSCCH resource
Option 2 presents more flexibility while the PSCCH channel resource unit can be variable according to several factors.  For instance, the channel unit of a PSCCH can be determined depending on SCS, it can also be configured per resource pool or determined according to the symbols assign as sidelink resource within a slot, etc.  On one hand, option 2 may provide more efficient resource usage of PSCCH.  On the other hand, it introduces more complexity to PSCCH relevant scheme design and SCI detection process since more than one format of a PSCCH resource unit may be used on sidelink.  
Proposal 3:  One PSCCH resource unit is defined as a block of time-frequency resources across l0 symbols and k0 RBs, where both l0 and k0 are fixed numbers. 
PSCCH and PSSCH multiplexing
According to the agreement in #95, at least option 3 is supported for CP-OFDM as it is more suitable for CP-OFDM and allows more flexible resources division between PSCCH and PSSCH within sidelink resource pool.  
On LTE sidelink, SCI and data are transmitted simultaneously on different RBs as two TBs. Similarly, option 3 can also be supported for DFT-S-OFDM by carrying on SCI and data on same symbol in NR. In other words, if DFT-S-OFDM is supported, option3 can be used for both two types of waveform on sidelink.
Observation 1:  Option 3 can also be supported for DFT-S-OFDM.
For option 1B, different symbols/slots and different number of RBs for PSCCH and PSSCH can be assigned.  Based on the TDM structure, option 1B has some natural traits, such as larger SCI coverage, single carrier character with DFT-S-OFDM and independent power consumption for SCI and data.  
With option 1B, no power sharing issue needs to be considered while UE transmits SCI and data on different symbols.  This advantage presents more obviously in the case that RBs used for data transmission are much more than RBs for SCI. For this case, option 1B still provides constant power output on PSCCH symbols while less power can be reserved for SCI by using option 3.  
The proper multiplexing mode of PSCCH and PSSCH, i.e. option 1B and option 3, depends greatly on the scheme of resource pool configuration and PSCCH/PSSCH resource scheme which are not very clear right now.  Considering of that, both option 1B and option 3 should be discussed for more details at least for this SI stage, and we propose here:
Proposal 4:  Option 1B should also be studied for PSCCH and PSSCH multiplexing.
In the agreements of option 1B and option 3, the multiplexing structure of PSCCH and PSSCH is described in principle, no further details is clarified.  In order to simplify and promote the further discussion of option 1B and option 3, some basic assumptions should be discussed and determined.
Option 3
In time domain, there are two issues should be clarified:
Issue 1:  the start symbol of PSCCH and PSSCH
Issue 2:  the potential transient period between symbols containing PSCCH and symbols not containing PSCCH 
With option 3, PSCCH and PSSCH resources should be both allocated within a slot in which several symbols are assigned for sidelink.  Among the assigned symbols, whether the first symbol should be used to map SCI/data is mainly depended on AGC time.  Actually, the AGC training time varies upon different frequency bands and hardware implementation, equals to different number of symbols according to different SCS configuration.  If dedicated AGC symbol(s) needs to be standard on sidelink, it may cause unnecessary symbol cost and calls for extra standard discussion as well.  Therefore, no explicit AGC symbol should be reserved among sidelink symbols and then a reasonable position of start symbol of PSCCH and PSSCH is the first symbol assigned for sidelink within a slot.  
Proposal 5: For option 3, PSCCH and PSSCH should start on the first symbol assigned for sidelink within a slot.
About issue 2, the working assumption given in #95 meeting described as: transient period is not needed between symbols containing PSCCH and symbols not containing PSCCH in the supported design of option 3.  Although an additional AGC training is needed on the first symbol not containing PSCCH, similar as discussed above, AGC training should not cost symbols explicitly and we propose to confirm the working assumption:
Proposal 6: Confirm the WA: no transient period is in need between symbols containing PSCCH and symbols not containing PSCCH of option 3.
In frequency domain, option 3 has two implement cases as shown in figure 2. 
Case 1 means that PSCCH and relevant PSSCH resource have the same RB start position which benefits the frequency resource indication of PSSCH in SCI and only a number of RBs used for PSSCH needs to be indicated.  Case 2 shows more flexibility between the frequency resources of PSCCH and PSSCH.  Accordingly, more indication bits should be introduced in SCI. 
Case 1 or case 2 of PSCCH and relevant PSSCH resources in frequency domain of option 3 should be determined.
Proposal 7:  In PSCCH/PSSCH multiplexing option 3, the RB’s of PSCCH is contained inside RB’s of PSSCH. Further,
- Case 1:  The starting RB indices of the both channels have to be the same.
- Case 2:  The starting RB indices of the both channels can be different.
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Figure 2 Frequency cases of option 3
Option 1B
[bookmark: _GoBack]As option 1B using TDM resource for PSCCH and relevant PSSCH, the time domain resource for the two channels may be allocated as shown in figure 3.  In case 1 illustrated in figure 3, several symbols are used for PSCCH and PSSCH in a slot respectively, i.e. the two channels are TDMed on symbol level.  On the other hand, PSCCH and PSSCH resources can be assigned in different slots as shown in case 2, i.e. slot level resource multiplexing.  Case 1 always contains PSCCH and PSSCH in one slot which benefits latency performance and can maintain a uniform structure for slots included in sidelink resource pool.  While case 2 is more similar as the scheme of D2D communication and it may cause latency issue as the uncertain mapping relationship from logical consecutive sidelink slots to physical slots.  Considering the latency requirement, we prefer to use case 1 for option 1B.
Proposal 8:  For option 1B, PSCCH should be multiplexed with PSSCH on different symbols within one slot.
[image: option 1B]
Figure 3 Cases of PSCCH and PSSCH multiplexing of option 1B
Resource pool schemes
Resource pool configuration
As discussed above, option 1B and 3 of the PSCCH and PSSCH multiplexing schemes are proposed for further study. Although option 1B and option 3 show different resource structure of PSCCH and PSSCH, a common sidelink resource pool configuration scheme for both of them should be considered to simplify the sidelink design.
Firstly, an integrate sidelink resource pool can be configured/pre-configured which contains PSCCH and PSSCH channel resources.  Within the sidelink resource pool, PSCCH resources should be assigned and then available PSSCH resources can be determined accordingly.  
For instance, several symbols are indicated as PSCCH resource within sidelink resource pool as illustrated in figure 4.  Based on the assignment of PSCCH symbols, PSCCH and PSSCH channel resource may be determined as following:
- For option 1B, PSCCH channel resources allocated on the assigned symbols and other symbols used for PSSCH;
- For option 3, PSCCH channel resources allocated on the assigned symbols, other symbols and the RBs not carrying SCI on the assigned symbols can be used as PSSCH;
[image: resource pool]
Figure 4 option 1B and option 3 resource allocation within sidelink resource pool
As discussed above, regardless of the multiplexing mode of PSCCH and PSSCH, a common sidelink resource pool configuration can be achieved.  Based on the configured/pre-configured sidelink resource pool, available PSCCH and PSSCH channel resources can be determined according to the configuration of multiplexing mode, i.e. option 1B or option 3, which can be indicated per resource pool or per BWP.
Proposal 9:  A common sidelink resource pool configuration scheme should be defined for both option 1B and option 3.
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. 
Proposal 10: Multiple resource pools can be configured within a BWP.
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Conclusion
This paper discusses physical layer structures of sidelink, concluded with the following proposals:
Proposal 1: DFT-S-OFDM on sidelink is supported, and configured or pre-configured per carrier.
Proposal 2: The time resources for NR sidelink can be configured from both UL (U) symbols and flexible (F) symbols.
Proposal 3:  One PSCCH resource unit is defined as a block of time-frequency resources across l0 symbols and k0 RBs, where both l0 and k0 are fixed numbers. 
Proposal 4:  Option 1B should also be studied for PSCCH and PSSCH multiplexing.
Proposal 5: For PSCCH/PSSCH multiplexing option 3, PSCCH and PSSCH should start on the first symbol assigned for sidelink within a slot.
Proposal 6: Confirm the WA: no transient period is in need between symbols containing PSCCH and symbols not containing PSCCH of option 3.
Proposal 7:  In PSCCH/PSSCH multiplexing option 3, the RB’s of PSCCH is contained inside RB’s of PSSCH. Further,
- Case 1:  The starting RB indices of the both channels have to be the same.
- Case 2:  The starting RB indices of the both channels can be different.
Proposal 8:  For option 1B, PSCCH should be multiplexed with PSSCH on different symbols within one slot.
Proposal 9:  A common sidelink resource pool configuration scheme should be defined for both option 1B and option 3.
Proposal 10: Multiple resource pools can be configured within a BWP.
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