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Introduction
In RAN 1 #97 meeting, some further agreements and working assumptions about sidelink structure are achieved as follow [1]: 
Agreements： 
· A sequence-based PSFCH format with one symbol (not including AGC training period) is supported.
· Transmission of PSSCH is mapped onto contiguous PRBs only
· Sub-channel size is (pre)configurable.
· If two-stage SCI is supported, the following details are used.
· Information related to channel sensing is carried on 1st-stage.
· 2nd-stage is decoded by using PSSCH DMRS.
· Polar coding used for PDCCH is applied to 2nd-stage
· Payload size for 1st-stage in two-stage SCI case is the same for unicast, groupcast, and broadcast in a resource pool.
· After decoding the 1st-stage, the receiver does not need to perform blind decoding of 2nd-stage. 
Working assumption:
· Rel-15 PDSCH DMRS Configuration type 1 and/or type 2 are reused for frequency-domain pattern of PSSCH DMRS.
· FFS whether to support either one or both types
· FFS details on multiplexing of different ports for PSSCH DMRS
In this contribution, more detailed analyses and proposals about sidelink physical structure are presented, including sidelink channels and resource pool configuration, etc. 
SL BWP
Similar as DL BWP or UL BWP configuration, SL BWP should be determined according to the parameters including: CRB location and bandwidth, SCS and CP type. As sidelink available SCS and CP type are determined, the “point A” based CRB location and bandwidth indication scheme can be reused the same as Uu BWP configuration. 
[bookmark: _Toc26095][bookmark: _Toc29324][bookmark: _Toc10599][bookmark: _Toc26348][bookmark: _Toc20286][bookmark: _Toc16858587]SL BWP configuration can reuse the same scheme for Uu BWP configuration, including CRB location and bandwidth, SCS and CP type.
Furthermore, PRBs indexed from #0 within the configured SL BWP can be naturally used as the basic frequency resource unit to indicate sidelink channel/resource allocation. For example, frequency resource allocation of sidelink resource pool(s) should be indicated using PRB as well as the sub-channel assignment in a resource pool.
[bookmark: _Toc24440][bookmark: _Toc24562][bookmark: _Toc6042][bookmark: _Toc10518][bookmark: _Toc8313][bookmark: _Toc16858588]PRB defined within SL BWP should be used for sidelink resource pool/sidelink channel configuration.
For cellular implementation on Uu, a BWP switching is defined for the case that UE changes its setting from DL BWP configuration #1 to DL BWP configuration #2, or from UL BWP configuration #1 to UL BWP configuration #2. 
For NR sidelink communication, the scenario we concern is that in-coverage UE may need to switch between UL transmission and SL communication, i.e. skipping between UL BWP and SL BWP which is not exactly the same situation as neither DL BWP switching nor UL BWP switching. Accordingly, whether it needs to perform BWP switching between UL BWP and SL BWP by UE and if yes how long it would take should be determined by RAN 4.
In order to avoid introducing extra complexity and resource allocation restrictions on sidelink, an assumption that no interruption time between UL BWP and SL BWP switching is needed for in-coverage sidelink UE should be considered. And we propose to confirm the assumption from RAN 1’s perspective.
[bookmark: _Toc20533][bookmark: _Toc2933][bookmark: _Toc29647][bookmark: _Toc13708][bookmark: _Toc29714][bookmark: _Toc16858589]RAN1 assumes no interruption time between Uu BWP and SL BWP.
Sidelink resource pool 
Time domain resources
Slots/symbols configuration for sidelink resource pool
To indicate the time domain resources assigned for a sidelink resource pool, the following parameters should be considered:
· Configuration period
· Sidelink slots with a period 
· Sidelink symbols within a slot
An example is shown in Figure 1, the meaning of configuration period is the same as legacy sidelink resource pool indication scheme which presents the repetition period of the resource pool configuration and does not set any limitation for sidelink resource using. For in-coverage case, the sidelink resource pool period can be set to the same value as the cell common configuration period.
Within a period, the slots available for sidelink should be indicated, including the slots in which all symbols and a subset of symbols are configured as sidelink resources. Bitmap of slots in period can be used to indicate the slots assigned in a resource pool.
[image: Sidelink resource pool configuration]
[bookmark: _Ref26767]Figure 1 an example of sidelink resource pool time domain configuration
By using bitmap to indicate the slot allocation of a sidelink resource pool, there is a further detailed issue need to be considered that how to define the bitmap mapping rule. As in legacy sidelink, the bitmap indicator of resource pool is mapping to logical contiguous subframe sets which excludes the SLSS subframes and reserved subframes. There are two options for NR sidelink slots bitmap mapping:
· Option 1: directly mapping the bitmap to physical slots;
· Option 2: mapping to logical contiguous slots which excludes the unavailable slots for sidelink communication, such as DL slots.
Option 1 defines an explicit relation between bitmap sequence and slots and avoids complex process to determining the resource pool. In order to indicate some slots as sidelink unavailable, an invalid bit should be marked in the bitmap sequence and it is easy to get an accurate bitmap indication in (pre-)configuration signal. 
On the other hand, by using option 2 scheme, it is needed to introduce the available slots set for sidelink which excludes DL resource, SLSS resource, etc. Based on the logical slots set, similar as legacy scheme, the bitmap sequence length is various and should be determined according to the number of slots included in the logical slots set. It leads to additional complexity and some potential troubles for sidelink resource scheduling and selecting, such as inaccurate resource reservation period. 
Besides, option 2 seems to have a shorter bitmap sequence than option 1 which means less overhead, but it should be noticed that the bitmap length in legacy scheme is defined according to TDD UL/DL configurations #0-#6 respectively. While in NR, the tdd-UL-DL slot configuration is more flexible and numerous entries are available. It is inefficient and unreasonable to reuse the logical mapping rule which needs a variable length of bitmap for sidelink resource slots indication. Therefore, we prefer to use option 1 for sidelink resource pool allocation, i.e. indicating slots in resource pool based on physical slots.
As both a full slot and a subset of symbols of a slot assigned for sidelink are supported, the actual available symbols of a slot should be clarified. A simple assumption is to use same symbol allocation for all the slots in a resource pool, such as full slot are assigned for sidelink. If more flexible symbol allocation is supported, detailed indication scheme needs FFS. 
To indicate time domain resource allocation for a sidelink resource pool, we prefer as following:
[bookmark: _Toc22603][bookmark: _Toc11621][bookmark: _Toc3109][bookmark: _Toc23133][bookmark: _Toc30966][bookmark: _Toc16858590]To allocate time domain resources of a sidelink resource pool, the following should be indicated:
[bookmark: _Toc18125][bookmark: _Toc5786][bookmark: _Toc15868][bookmark: _Toc12098][bookmark: _Toc12701][bookmark: _Toc16858591]Period
[bookmark: _Toc12036][bookmark: _Toc19161][bookmark: _Toc27161][bookmark: _Toc12075][bookmark: _Toc7520][bookmark: _Toc16858592]Bitmap for slots within a period, which is one-to-one mapping to physical contiguous slots
[bookmark: _Toc10780][bookmark: _Toc12786][bookmark: _Toc13262][bookmark: _Toc13129][bookmark: _Toc428][bookmark: _Toc16858593]Symbols within a slot
F slot/symbol for sidelink resource pool
NR defines D/F/U resource types, where F resource refers to flexible resource that can be redefined for use as DL or UL. It is clear that DL resource cannot be used for sidelink while UL resource can be assigned as sidelink resource. 
According to previous meetings, no consensus has been achieved on whether F resource can be used for sidelink. On one hand, using F resource for sidelink may require more scheduling complex to avoid using the F resource for sidelink which is reset as DL resource. On the other hand, strictly excluding F resource from sidelink limits the actual available resources for sidelink, especially in the case that gNB assigns a few UL resources for cell common within which sidelink resource pool should be configured.
Since F resource should be managed with certain flexibility, the usage of F resource on sidelink can also be disposed as a configurable feature, and we propose that:
[bookmark: _Toc17168][bookmark: _Toc22708][bookmark: _Toc27215][bookmark: _Ref2116][bookmark: _Toc9803][bookmark: _Toc12104][bookmark: _Toc16858594]Whether F resource can be used for sidelink is configurable.
[bookmark: _Ref13119]Sidelink channels within resource pool
According to the achieved agreements, PSCCH, PSSCH and PSFCH are used in sidelink communication and the relationships among the three types of channels are quite close, for example the PSCCH and relevant PSSCH should be on the same slot, the PSSCH and relevant PSFCH should have a certain time interval and frequency implicit relationship. 
In order to simplify the sidelink channel resource allocation and avoid unnecessary complex and potential conflicts, it is reasonable to define the relevant sidelink channels within a same sidelink resource pool. In short, an integrate sidelink resource pool should be assigned and PSCCH, relevant PSSCH and PSFCH (if enabled) should be configured within the resource pool.
[bookmark: _Toc16054][bookmark: _Toc11032][bookmark: _Toc23530][bookmark: _Toc10537][bookmark: _Toc14365][bookmark: _Toc16858595]An integrate sidelink resource pool should be used, and PSCCH, relevant PSSCH and PSFCH should be configured within the same resource pool.
A typical structure of channels within a sidelink slot is illustrated in Figure 2. PSCCH/PSSCH and PSFCH is TDM within slot. For the case that PSFCH is not assigned in the resource pool, the channel multiplexing structure is shown as Figure 3.
Considering the UE Tx/Rx switching time, GP symbol should be allocated for the cases:
· Case 1: the symbol after the PSSCH resource
· Case 2: the symbol after the PSFCH resource 
[bookmark: _Toc23429][bookmark: _Toc28719][bookmark: _Toc11107][bookmark: _Toc28882][bookmark: _Toc19459][bookmark: _Toc16858596]GP symbol should be allocated on the symbol after PSSCH / PSFCH resource.
[image: channel multiplexing within resource pool]
[bookmark: _Ref12075]Figure 2 PSCCH/PSSCH/PSFCH multiplexing in a slot
[image: No PSFCH channel multiplexing within resource pool]
[bookmark: _Ref30223]Figure 3 PSCCH/PSSCH multiplexing in a slot
According to the sidelink channel structure shown above, it is worth considering the situation when a subset of symbols in a slot is configured as sidelink resources. For the case that part of a slot is available, the multiplexing structure of sidelink channels should be the same as the case in a whole slot. While the number of symbols for PSCCH, PSFCH and GP cannot be cut down, a minimum value of symbols can used for sidelink within a slot should be defined to ensure a reasonable structure for sidelink communication. To determine the minimum value, the factors should be considered including: GP, PSCCH resource unit, requirement of PSSCH, etc.
[bookmark: _Toc5435][bookmark: _Toc26777][bookmark: _Toc21040][bookmark: _Toc19099][bookmark: _Toc2652][bookmark: _Toc16858597]For the case that a subset of symbols in a slot are configured as sidelink resource, one minimum number of sidelink symbols should be defined, with the following factors being considered: 
[bookmark: _Toc27605][bookmark: _Toc9208][bookmark: _Toc27156][bookmark: _Toc3243][bookmark: _Toc6793][bookmark: _Toc26343][bookmark: _Toc16858598]GP symbol
[bookmark: _Toc1053][bookmark: _Toc17631][bookmark: _Toc6411][bookmark: _Toc14093][bookmark: _Toc16200][bookmark: _Toc16495][bookmark: _Toc16858599]The number of symbols used as PSCCH
[bookmark: _Toc16858600]The number of symbols used as PSFCH
[bookmark: _Toc5754][bookmark: _Toc23172][bookmark: _Toc1451][bookmark: _Toc14663][bookmark: _Toc25191][bookmark: _Toc9328][bookmark: _Toc16858601]Reasonable number of symbols for PSSCH
Slot aggregation
For NR sidelink, several different numerologies are supported and larger sub-carrier spacing, such as 120kHz, leads to shorter symbol length. Because AGC training time and GP for Tx/Rx switching cost a couple symbols, especially for larger SCS, it is proposed to support slot aggregation for sidelink transmission. In details, it means using more than one slots as a PSCCH/PSSCH resource in time domain.
Within a resource pool, a general sidelink channel structure proposed above is locating PSCCH and relevant PSSCH resource in each slot. For the case that slot aggregation is enabled, the similar structure of PSCCH and PSSCH should be extended to a slot set where the aggregated slots in a slot set should be used as a sidelink TTI. Using the slot set as an integral TTI, PSCCH resource in the first slot within the set and PSSCH resource extending to all the slots could benefit the sidelink resource efficiency, as shown in Figure 4.
[image: slot aggregation]
[bookmark: _Ref3234]Figure 4 PSCCH/PSSCH structure with slot aggregation 
[bookmark: _Toc16858602]For the case of slot aggregation, PSCCH resources should be allocated in the first slot within each aggregated slot set.
Besides, in order to decrease the complexity of SCI blind decoding process, it is preferred to make sure that all UEs have the same understanding about the slot aggregation structure in a resource pool, i.e. the slot aggregation level and position should be commonly configured. Otherwise, if different transmitting UEs determine the number and position of slots as an aggregated set independently, from the receiving UE’s perspective, there may be SCI transmitting in every slot in the resource pool. It would discount the effect of using slot aggregation on sidelink. Therefore, we prefer to (pre-)configure the slot aggregation for PSCCH/PSSCH per sidelink resource pool. 
[bookmark: _Toc29599][bookmark: _Toc13485][bookmark: _Toc18001][bookmark: _Toc17765][bookmark: _Toc7752389][bookmark: _Toc7638][bookmark: _Toc16858603]Slot aggregation for PSCCH/PSSCH should be (pre-)configurable per resource pool.
Frequency domain continuity
The frequency resources of a sidelink resource pool should be indicated within SL BWP using PRB as basic unit. The two options for the frequency resources of a resource pool are still under discussion: 
· Option 1: The resource pool always consists of contiguous PRBs
· Option 2: The resource pool can consist of non-contiguous PRBs
As sub-channel based frequency resource allocation for PSSCH is supported, it is quite natural to divide the contiguous PRBs contained in sidelink resource pool with option 1 into multiple sub-channels. Based on the contiguous PRBs, it is also easy to determine the sub-channel indices which can be used as frequency resource indicator in SCI/DCI.
With option 2, logical contiguous RBs and sub-channel indices should be introduced in order to hide away the physically non-contiguous PRBs. The agreement about PSSCH transmission is achieved as:
· Transmission of PSSCH is mapped onto contiguous PRBs only
It means when several sub-channels are used for bearing a PSSCH transmission, the sub-channels must be physical contiguous. While non-contiguous PRB in resource pool leads to non-contiguous sub-channel, it calls for more limitation and complexity for PSSCH resource scheduling and selecting. As more standard efforts are expected for option 2 but with no significant advantages, we prefer to use contiguous PRB for resource pool.
[bookmark: _Toc7752387][bookmark: _Ref2322][bookmark: _Toc12944][bookmark: _Toc744][bookmark: _Toc18570][bookmark: _Toc12899][bookmark: _Toc28329][bookmark: _Toc16858604]The frequency domain resources of a resource pool always consist of contiguous PRBs.
PSCCH 
Channel unit
It is agreed in RAN 1 #96bis meeting that the starting symbol and the number of symbols for a PSCCH are assumed to be known to the receiving UE before decoding the PSCCH. In other words, a PSCCH resource should be located on some certain resource in time and frequency domain with a known channel unit. 
Considering the channel unit of a PSCCH resource, there are two options on defining resource unit for PSCCH: 
· Option 1:  Fixed resource unit of a PSCCH channel, i.e., one PSCCH channel contains l0 symbols and k0 RBs, where l0 and k0 are fixed numbers. 
· Option 2:  A few prospective values of the resource unit of a PSCCH channel, such as multiple combinations of [l, k], each of which is specific to sidelink parameters, e.g., SCS. 
Obviously, option 1 is a simple way to provide a common processing for SCI detection for all cases. It is independent from the assigned SCS and resource pool configuration. Despite the actual time length and frequency range of a PSCCH resource unit are various according to different SCS, the number of symbols and the number of RBs of a PSCCH resource are fixed values. Furthermore, based on [l0, k0] unit of each PSCCH channel, all the PSCCH resources can be easily divided and allocated within a resource pool. 
Option 2 offers more flexibility given the PSCCH channel resource unit can be variable according to several factors.  For instance, the channel unit size of a PSCCH can be adapted to SCS, resource pool and number of symbols assigned to sidelink within a slot, and etc. Option 2 introduces more complexity to PSCCH relevant scheme design and SCI detection process because more than one format of a PSCCH resource unit may be used on sidelink.  
Comparing the two options, option 1 can satisfy the requirement of SCI receiving performance with elaborated PSCCH channel unit size and avoid unnecessary complexity of SCI detection. Further, given the relevant SCI content and AGC issue, one reasonable definition of PSCCH resource unit across 5 symbols and 10 RBs is proposed.
Based on the analyses above, we prefer:
[bookmark: _Toc7752390][bookmark: _Ref2446][bookmark: _Toc7511][bookmark: _Toc28158][bookmark: _Toc26648][bookmark: _Toc17355][bookmark: _Toc18790][bookmark: _Toc16858605]The PSCCH resource unit has fixed size, across 5 symbols and 10 RBs.
AGC issue
In time domain, AGC issue should be considered when determining PSCCH resource starting symbol in a slot. According to the latest reply from RAN 4 in [2], for single CC using CP-OFDM waveform, the AGC timing is determined as:
 35 usec for 15 kHz SCS
 35 usec for 30 kHz SCS
 18 usec for 60 kHz SCS
It means that for each SCS, the AGC requires up to one symbol length, i.e. only one symbol may be affected by AGC processing. With the precondition, defining dedicated AGC symbol may introduce unnecessary symbol overhead and extra standard discussion as well.  
[bookmark: _Toc31576][bookmark: _Toc15687][bookmark: _Toc25031][bookmark: _Toc5843][bookmark: _Toc22924][bookmark: _Toc16858583]For each SCS, the AGC procedure consumes up to one symbol.
There are two cases to handle the AGC process for PSCCH:
· Case 1: implicit AGC;
· Case 2: explicit AGC symbol;
Case 1 means SCI information is mapping on the first symbol within the PSCCH resource unit while case 2 has the same channel unit as case 1 but the first symbol cannot be used and rate matching is applied in case 2, as illustrated in Figure 5. The receiver in the case 1 assumes puncturing on the AGC symbol for the PSCCH reception. 
[image: PSCCH Vs AGC]
[bookmark: _Ref26794]Figure 5 Implicit Vs explicit AGC in PSCCH
Although the first symbol in case 1 is impacted by AGC, the actual available number of symbols to carry SCI in case 2 is less than case 1 which means higher code rate in SCI process. Additionally, sufficient redundancy is provided for SCI carrying in a PSCCH resource for both case 1 and case 2 and it alleviates the impact of AGC issue. Based on that, case 1 should be used for PSCCH and no additional standard discussion is needed. 
Therefore, no explicit AGC symbol should be reserved on sidelink and it could be implicitly involved in sidelink channel resources. The fixed PSCCH resource unit in earlier proposal has considered the AGC issue.
[bookmark: _Toc7508][bookmark: _Toc31740][bookmark: _Toc24443][bookmark: _Toc10186][bookmark: _Toc3806][bookmark: _Toc16858606]No explicit AGC symbol is needed. 
With a known PSCCH channel unit format and the AGC implicitly contained in PSCCH resource, the starting symbol of PSCCH resource should be located from the first available symbol in resource pool, as shown in Figure 6.
[bookmark: _Toc2405][bookmark: _Toc29101][bookmark: _Toc28942][bookmark: _Toc21177][bookmark: _Toc16625][bookmark: _Toc16858607]In time domain, a PSCCH resource starts from the first sidelink symbol within a slot. 
[bookmark: _Toc29128][image: option 3 ]
[bookmark: _Ref30164]Figure 6 PSCCH resources location within a slot
In frequency domain, as sub-channel based PSSCH resource scheme is used and each sub-channel may be used as a PSSCH resource, it is nature to locate a PSCCH resource for every sub-channel.
Similar to LTE sidelink, we propose to locate a PSCCH resource starting RB on the lowest RB within a sub-channel. It means a PSCCH resource and relevant PSSCH resource have the same starting RB which benefits the frequency resource indication of PSSCH in SCI, i.e. only the number of sub-channels used for PSSCH needs to be indicated.  
[bookmark: _Toc4450][bookmark: _Toc26671][bookmark: _Toc7752392][bookmark: _Toc29399][bookmark: _Toc23328][bookmark: _Toc10281][bookmark: _Toc16858608]In frequency domain, a PSCCH resource starts from the lowest RB within a sub-channel. 
PSFCH 
Channel unit
It is agreed that a sequence-based PSFCH format with one symbol (not including AGC training period) is supported. In general, it can reuse the PUCCH format 0 which contains 1 or 2 symbols and one RB to carry A/N/SR information. Considering the requirement of sidelink feedback, it is sufficient to reuse the PUCCH format 0 as PSFCH resource format and it needs no extra standard effort. Accordingly, one RB for a PSFCH frequency resource should be determined, the same as PUCCH format 0. To carry sidelink A/N information, this PSFCH format is sufficient and no other formats are needed.
[bookmark: _Toc16858609]In frequency domain, one PSFCH resource consists one RB. 
In addition, as several RBs are assigned for one sub-channel and the frequency resource of a PSFCH should locate within the range of relevant PSSCH, it means that several RBs on the symbol reserved for PSFCH may be vacant, marked as blank in Figure 7. In order to improve the PSFCH performance and avoid resource waste, frequency repetition of PSFCH should be considered, further details need FFS.
[bookmark: _Toc16858610]To improve the receiving performance, frequency domain repetition of PSFCH should be considered.
In addition, the transmitter UEs of PSCCH/PSSCH and PSFCH within a slot may be different, therefore an additional AGC process should be conducted before PSFCH receiving. To ensure the performance of PSFCH, a repetition symbol used for AGC training can be located before the actual PSFCH symbol. Because PUCCH format 0 is already supported to mapping to two symbols with CS hopping, it can be reused here to generate the signal on the prior symbol of PSFCH. In short, as shown in Figure 7, the structure with one symbol of sequence-based A/N and one repetition symbol which also covers AGC should be used for PSFCH.
[bookmark: _Toc29951][bookmark: _Toc23295][bookmark: _Toc4343][bookmark: _Toc9439][bookmark: _Toc10642][bookmark: _Toc16858611]Reuse the structure of PUCCH format 0 on 2 symbols for PSFCH.
[image: PSFCH]
[bookmark: _Ref12430]Figure 7 PSFCH format
Channel location
As the HARQ feedback on PSFCH is for the PSSCH transmitted several slots before, it means within a slot, the transmitting UE of PSCCH/PSSCH and the transmitting UE of PSFCH may be different. On one hand, for the UE which needs to feedback on a slot, it cannot receive PSCCH/PSSCH on the same slot if FDM structure is used for PSCCH/PSSCH and PSFCH within a slot, i.e., FDM of PSCCH/PSSCH and PSFCH may deteriorate the half-duplexing issue. Therefore the resources of PSCCH/PSSCH and PSFCH should be TDM. Considering the Tx/Rx switching, a GP symbol should be reserved after PSSCH. 
[bookmark: _Toc88][bookmark: _Toc26099][bookmark: _Toc8002][bookmark: _Toc19699][bookmark: _Toc20541][bookmark: _Toc7752393][bookmark: _Toc16858612]PSFCH resources should TDM with PSCCH/PSSCH resources in one slot, located at the end of available symbols in a slot.
[bookmark: _Ref26051]In frequency domain, as sub-channel is used as PSSCH resource unit and each sub-channel may carry a data packet transmission, a natural scheme is to assign PSFCH resources depending on the sub-channels of PSSCH. Similar as PSCCH related to a PSSCH, PSFCH resource(s) can be defined on RB(s) within the sub-channels of associated PSSCH.  
[bookmark: _Toc29923][bookmark: _Toc2267][bookmark: _Toc5643][bookmark: _Toc29408][bookmark: _Toc5649][bookmark: _Toc7752396][bookmark: _Toc16858613]In frequency domain, PSFCH resource(s) is located within the sub-channel(s) of relevant PSSCH. 
Period configuration of PSFCH 
It is agreed in RAN1 #97 meeting that N = 2 and N = 4 are supported for PSFCH configuration, where N slots are the period of PSFCH. 
It should be clarified that the “N slots” here should not base on the physical slots array but a logical slot array which orders the slots included in the resource pool. In other words, as the period of PSFCH is configured as N slots, for every N logical slots which are contiguous contained in a resource pool, there are PSFCH resources in one slot, as shown in Figure 8.
[image: N 大于 1 PSFCH]
[bookmark: _Ref32713]Figure 8 PSFCH period configuration
[bookmark: _Toc7752397][bookmark: _Toc849][bookmark: _Toc12687][bookmark: _Toc15109][bookmark: _Toc24219][bookmark: _Toc17649][bookmark: _Toc16858614]The period of PSFCH in unit of slot should be configurable based on logical slots belonging to a resource pool.
Timeline of PSFCH 
The timeline between PSSCH and relevant PSFCH is agreed as:
· (Pre-)configuration indicates the time gap between PSFCH and the associated PSSCH for Mode 1 and Mode 2.
· For a PSSCH transmission with its last symbol in slot n, when the corresponding HARQ feedback is due for transmission, it is expected to be in slot n+a where a is the smallest integer larger than or equal to K with the condition that slot n+a contains PSFCH resources.
· FFS details of K
Based on the agreement, the “K” should be understood as the (pre-)configured time gap between PSFCH and associated PSSCH which means the possible smallest physical slots interval between sidelink data and its feedback. While the actual PSFCH resource needs to be determined according to resource pool configuration, that is to say, slots in sidelink resource pool may be not consecutive and PSFCH resources may not allocated in each slot in the resource pool. It makes the actual physical slot interval between PSSCH in slot #n and available PSFCH in slot #n+a is “a”, accordingly, “a” equals or is large than “K”, as shown in Figure 9.
It should be clarified that the “K” presents the smallest time gap in physical slots between data and feedback and should be (pre-)configured by high layer.
[image: K for PSFCH]
[bookmark: _Ref4716]Figure 9 Time gap between PSSCH and PSFCH
[bookmark: _Toc16858615][bookmark: _Toc2329][bookmark: _Toc20511][bookmark: _Toc8577][bookmark: _Toc7752398][bookmark: _Toc18640][bookmark: _Toc23464]The (pre-)configured smallest slot interval between PSSCH and related PSFCH resource, i.e. K, is interpreted in terms of physical slots.
PSSCH 
PSSCH resource 
Similar to analyses on PSCCH resource location, AGC training time should be included in the symbols for data transmitting and no AGC symbol is defined in legacy PSSCH processing. Therefore no dedicated AGC symbol is needed, i.e., PSSCH resources starts from the first sidelink symbol in a slot.
[bookmark: _Toc16858616][bookmark: _Toc3223][bookmark: _Toc7752399][bookmark: _Toc18221][bookmark: _Toc18823][bookmark: _Toc10933][bookmark: _Toc19057]No explicit AGC symbol is reserved for PSSCH. 
[bookmark: _Toc16858617]In time domain, a PSSCH resource starts from the first sidelink symbol within a slot. 
It is agreed that sub-channel size is (pre-)configured. In legacy sidelink, all the sub-channels in a resource pool have the same number of RBs in frequency domain. When UE requires more resources for a larger data packet, several consecutive sub-channels should be used to carry the data. This scheme provides sufficient flexibility for different sizes of data packets, and it is easy to understand the sub-channel division in a resource pool. The same configuration of sub-channel for a resource pool should be reused for NR sidelink.
[bookmark: _Toc31028][bookmark: _Toc23976][bookmark: _Toc9148][bookmark: _Toc18831][bookmark: _Toc13801][bookmark: _Ref2358][bookmark: _Toc7752388][bookmark: _Toc16858618]A sub-channel size (in terms of number of RBs) is (pre-)configured per resource pool.  
DMRS
On NR Uu, different DMRS patterns can be configured by gNB to be adaptive to several factors, including UE speed, latency requirement, MIMO scheme, etc. The full flexible DRMS patterns may not be necessary for sidelink communication, especially for sidelink broadcast. Therefore the NR Uu DMRS patterns should be down selected for the sidelink DMRS.  
For PSSCH DMRS, the following issues should be considered: 
· In time domain 
· Whether additional DMRS symbol is needed, and if yes the available number of additional symbols;
· Whether double-symbol DMRS should be supported.
· In frequency domain
· Whether both configuration type 1 and type 2 of DMRS should be supported.
At least for sidelink broadcast communication, the relative speed between Tx UE and multiple Rx UEs may be high.  Therefore, the additional DMRS should be used to provide extra channel estimate benefit. The available number of additional DMRS should be configured or determined according to the symbols configured for sidelink within a slot.
Because the requirement of transmission modes and number of layer of PSSCH transmission is limited, single-symbol and configuration type 1 DMRS defined in Uu can provide sufficient performance and available number of ports of DMRS for sidelink data transmission. We prefer to use single-symbol and configuration type 1 DMRS for PSSCH and other types of DMRS configuration are not needed to introduce on sidelink.
[bookmark: _Toc9082][bookmark: _Toc17773][bookmark: _Toc11729][bookmark: _Toc10042][bookmark: _Toc7752402][bookmark: _Toc1880][bookmark: _Ref2613][bookmark: _Toc16858619]For PSSCH, additional DMRS should be used at least for broadcast communication.
[bookmark: _Toc31117][bookmark: _Toc13453][bookmark: _Toc27443][bookmark: _Toc7333][bookmark: _Ref2642][bookmark: _Toc4087][bookmark: _Toc7752403][bookmark: _Toc16858620]For PSSCH, only single-symbol DMRS is supported.
[bookmark: _Toc7752404][bookmark: _Ref2648][bookmark: _Toc24968][bookmark: _Toc16964][bookmark: _Toc3502][bookmark: _Toc18817][bookmark: _Toc8399][bookmark: _Toc16858621]For PSSCH, only configuration type 1 DMRS is supported.
Another issue in the sidelink DMRS pattern discussion is the relative speed between transmitting UE and receiving UE.  The relative speed between UEs sharing the same resource pool can be various, from high to low. For example, the relative speed of the high-speed moving UEs in platooning scenario can be low. However, a dense DMRS pattern should be sufficient for both high and low relative speeds. In a word, a single DMRS pattern per resource pool can satisfy the sidelink requirements and meanwhile avoid extra sidelink design complexity. Therefore, we prefer that one DMRS pattern should be (pre-)configured for a resource pool.
[bookmark: _Toc14544][bookmark: _Toc30248][bookmark: _Toc16589][bookmark: _Toc7752405][bookmark: _Toc27706][bookmark: _Toc31451][bookmark: _Ref2678][bookmark: _Toc16858622]One DMRS pattern should be (pre-)configured per resource pool.
[bookmark: _Ref8567]SCI format 
PSSCH resource Indication
A major indication item in SCI is the resource allocation of PSSCH, including the initial transmission and potential retransmission resources. The different indication scheme may have various resource allocation effect and overhead, some further analyses for assign PSSCH resources are presented below.
Frequency domain resource indication
It is agreed that the transmission of PSSCH is mapped onto contiguous PRBs. Using the starting sub-channel and number of sub-channel(s), the PSSCH frequency resources can be determined.
For current slot PSSCH transmission, as there is a consensus that the frequency resources of PSCCH and relevant PSSCH in a slot should have a fixed mapping relation, such as using same start RB. Therefore, the PSSCH sub-channel(s) allocation can be indicated directly by the number of sub-channels used for PSSCH while the starting sub-channel can be implicitly determined according the PSCCH position. 
[bookmark: _Toc16516][bookmark: _Toc8429][bookmark: _Toc28590][bookmark: _Toc15253][bookmark: _Toc22296][bookmark: _Toc16858623]The number of sub-channels used for PSSCH should be indicated in SCI. 
Considering the case that TB retransmission(s) is assigned, the PSSCH resources for retransmission should be indicated in current SCI. It is not determined whether chain or look-ahead reservation for PSSCH retransmission resources should be used, where the chain reservation means only the next retransmission resource is indicated in current SCI while the look-ahead reservation scheme indicates all the following retransmission resources in current SCI. 
For this issue, we prefer the chain reservation scheme which can be used for any times of retransmission and provides more flexibility on retransmission resources allocation. Besides, the legacy retransmission resource indication scheme can be reused, the overhead as following: 

,
where [image: ] is the total number of sub-channels assigned in the resource pool.
The above indication scheme can indicate the index of a start sub-channel of retransmission and the number of the assigned sub-channels with a minimum indication overhead. 
[bookmark: _Toc20027][bookmark: _Toc28218][bookmark: _Toc943][bookmark: _Toc26224][bookmark: _Toc16232][bookmark: _Toc16858624]Reuse the Rel-15 frequency resource indication scheme of initial transmission and retransmission for PSSCH.
Time domain resource indication
On current slot, as the symbols used as PSSCH resource can be determined according to resource pool configuration and the multiplexing structure of sidelink channels, no time domain resource indication of PSSCH is needed in SCI. Similar as the frequency resource indication, the main concern is focus on the retransmission resource indication. 
By using chain resource reservation scheme, as only the next one retransmission should be indicated, a constant overhead can be defined in SCI. In detail, the indicator of retransmission can indicate the slot interval between current slot and the retransmission. Furthermore, in order to achieve higher flexibility and larger time range for retransmission, the indicator can be associated to a slot interval indication table which is configurable according to requirements.
On the other hand, for look-ahead reservation scheme, the retransmission indication overhead is varied and multiplies along with the more times retransmissions are performed, except the case that all retransmissions with equal slot interval. In fact, since the slots included in sidelink resource pool are discrete, it is hard to ensure an equal slots interval between every two transmissions.
Considering the issues analyzed above, we propose:
[bookmark: _Toc3654][bookmark: _Toc19820][bookmark: _Toc27060][bookmark: _Toc13486][bookmark: _Toc32750][bookmark: _Toc16858625]Support chain resource reservation scheme and the interval between current slot and next retransmission slot should be indicated in SCI. 
SCI format
According to the related agreements and potential consensus, the information items which may be indicated in SCI are list in Table 1.
[bookmark: _Ref16473]Table 1 Candidate content in SCI
	Indication item
	overhead
	Sensing needed
	Broadcast
needed

	Cast type indicator (broadcast/groupcast/unicast)      (TBD)
	1 or 2
	*
	√

	Frequency resource for PSSCH 
	Depends on the number of sub-channels in a resource pool
	*
	√

	SPS period or dynamic transmission 
	~ 5
	*
	√

	Retransmission indication
	~ 4
	*
	√

	Destination ID 
	8
	*
	√

	Source ID  
	8
	
	√

	HARQ process ID 
	4
	
	√

	NDI
	1
	
	√

	RV
	2
	
	√

	MCS 
	5
	
	√

	QoS/Priority
	~ 4
	*
	√

	Antenna ports                                  (TBD)
	~ 3 
	*
	√

	CSI request                                    (TBD)
	~ 2
	
	

	CSI transmission indication                       (TBD)
	~ 2
	
	

	PTRS                                     (optional)
	1
	
	

	Location information                        (optional)
	~ 8
	
	

	Stage-2 resource indication                      (TBD)
	~ 2 or more
	
	

	CRC 
	24
	*
	√

	Ratio 
	
	~ 65%
	~ 85%


As list above, these star marked items should be obtained for sensing and resource selection in mode 2. For example, the QoS/Priority level should be known by sensing UE to determine whether the resource should be excluded from candidate resource set, as well as the antenna ports should be used for sidelink RSRP measuring. 
Further, according to the rough calculate, it can be seen that the overhead of sensing needed items occupy major proportion of the total overhead in SCI. There is an agreement that if two-stage SCI is supported, information related to channel sensing is carried on the 1st-stage. Based on the principle, excluded the sensing related items, a few bits are left to the 2nd-stage and additional 24 CRC should be introduced for 2nd-stage SCI. It is shown as unnecessary to introduce two-stage SCI scheme for sidelink.
From the perspective of different cast types, the indication items needed for broadcast (marked in tick) should be considered as a basic set while the others for groupcast/unicast dedicated. According to the items listed in Table 1, high proportion of the overhead is shared between broadcast and unicast/groupcast, therefore it is not necessary to define different SCI formats respectively for various cast types. 
[bookmark: _Toc29094][bookmark: _Toc10859][bookmark: _Toc22177][bookmark: _Toc16371][bookmark: _Toc20066][bookmark: _Toc16858584]Both sensing-related payload and broadcast-related payload consume majority overhead bits in SCI.
On the other hand, if 2-stage SCI scheme is used on sidelink, more detail discussion and standard issues are needed, such as the resource and process to carry 2nd-stage SCI. 
For example, there are two potential schemes to bear 2nd-stage SCI:
· Scheme 1： define a dedicated channel for 2nd-stage SCI;
· Scheme 2：multiplex 2nd-stage SCI with data on PSSCH by using similar process of CQI multiplexing on PUSCH; 
For scheme 1, given a working assumption is agreed that 2nd-stage SCI (if supported) is decoded by using PSSCH DMRS, the dedicated channel for 2nd-stage SCI should not contain its own DMRS. It needs to be discussed how to allocate the dedicated resource for 2nd-stage SCI and to use the DMRS of PSSCH to decode 2nd-stage SCI. In addition, the processing logic order of “PSCCH->PSSCH DMRS->PSCCH->PSSCH data” put more complicated dependency between control channel and data channel. The scheme 1 seems to be an abnormal way for physical channel design.
For scheme 2, by reusing the process of CQI multiplexing on PUSCH, it means an integrated physical process should be performed on 2nd-stage SCI and data on PSSCH, including same modulation and layer mapping, etc. It is to say 2nd-stage SCI and data on PSSCH can be decoded simultaneously, and 2-stage SCI has no indicating effect for sidelink data. Obviously, it is opposite to the initial purpose of introducing 2-stage SCI. 
[bookmark: _Toc16858585]To implement 2-stage SCI scheme, more details are needed to study and specify.
Some simulations are shown below with the assumption as:
· Case 1:  Single-stage SCI scheme.
· For two-stage SCI scheme, extra 24 bits CRC is added for stage-2 SCI, and the effective indication bits used in case 1 are divided into stage-1 and stage-2 by a 2:1 ratio, further,
·  Case 2: another 2 bits are added in stage-1 SCI to indicate the somehow fixed stage-2 SCI format;
·  Case 3: another 20 bits are added in stage-1 SCI to indicate the flexible stage-2 SCI resource/format.
Table 2  Payload sizes (including CRC) for SCI evaluation
	Case 1 (single-stage)
	Case 2 (two-stage w/ 2bits to indicate 2nd stage)
	Case 3 (two-stage w/ 20bits to indicate 2nd stage)

	60 bits
	1st stage: 50 bits
2nd stage: 36 bits
	1st stage: 68 bits
2nd stage: 36 bits

	90 bits
	1st stage: 70 bits
2nd stage: 46 bits
	1st stage: 88 bits
2nd stage: 46 bits

	120 bits
	1st stage: 90 bits
2nd stage: 56 bits
	1st stage: 108 bits
2nd stage: 56 bits


In the evaluation, for a given SCI payload target (i.e., 60, 90, 120), the total SCI resources used in each of three cases are the same. Meanwhile, the different SCI payload targets correspond to different number of consumed RBs. The simulation results are shown in Figure 10, Figure 11 and Figure 12.
[image: ]
[bookmark: _Ref29740]Figure 10 SCI performances for payload size of 60 bits
[image: ]
[bookmark: _Ref29747]Figure 11 SCI performances for payload size of 90 bits
[image: ]
[bookmark: _Ref29750]Figure 12 SCI performances for payload size of 120 bits
[bookmark: _Toc16841][bookmark: _Toc11775][bookmark: _Toc10072][bookmark: _Toc32635][bookmark: _Toc7752383][bookmark: _Toc18925][bookmark: _Toc16858586]Single-stage SCI provides better performance than two-stage SCI scheme.
[bookmark: _Toc16858626]Support single-stage SCI only.
Conclusion
This paper discusses some details issues of sidelink physical structure, proposals and observations concluded as following:
Observation 1:	For each SCS, the AGC procedure consumes up to one symbol.
Observation 2:	Both sensing-related payload and broadcast-related payload consume majority overhead bits in SCI.
Observation 3:	To implement 2-stage SCI scheme, more details are needed to study and specify.
Observation 4:	Single-stage SCI provides better performance than two-stage SCI scheme.

Proposal 1:	SL BWP configuration can reuse the same scheme for Uu BWP configuration, including CRB location and bandwidth, SCS and CP type.
Proposal 2:	PRB defined within SL BWP should be used for sidelink resource pool/sidelink channel configuration.
Proposal 3:	RAN1 assumes no interruption time between Uu BWP and SL BWP.
Proposal 4:	To allocate time domain resources of a sidelink resource pool, the following should be indicated:
•	Period
•	Bitmap for slots within a period, which is one-to-one mapping to physical contiguous slots
•	Symbols within a slot
Proposal 5:	Whether F resource can be used for sidelink is configurable.
Proposal 6:	An integrate sidelink resource pool should be used, and PSCCH, relevant PSSCH and PSFCH should be configured within the same resource pool.
Proposal 7:	GP symbol should be allocated on the symbol after PSSCH / PSFCH resource.
Proposal 8:	For the case that a subset of symbols in a slot are configured as sidelink resource, one minimum number of sidelink symbols should be defined, with the following factors being considered:
•	GP symbol
•	The number of symbols used as PSCCH
•	The number of symbols used as PSFCH
•	Reasonable number of symbols for PSSCH
Proposal 9:	For the case of slot aggregation, PSCCH resources should be allocated in the first slot within each aggregated slot set.
Proposal 10:	Slot aggregation for PSCCH/PSSCH should be (pre-)configurable per resource pool.
Proposal 11:	The frequency domain resources of a resource pool always consist of contiguous PRBs.
Proposal 12:	The PSCCH resource unit has fixed size, across 5 symbols and 10 RBs.
Proposal 13:	No explicit AGC symbol is needed.
Proposal 14:	In time domain, a PSCCH resource starts from the first sidelink symbol within a slot.
Proposal 15:	In frequency domain, a PSCCH resource starts from the lowest RB within a sub-channel.
Proposal 16:	In frequency domain, one PSFCH resource consists one RB.
Proposal 17:	To improve the receiving performance, frequency domain repetition of PSFCH should be considered.
Proposal 18:	Reuse the structure of PUCCH format 0 on 2 symbols for PSFCH.
Proposal 19:	PSFCH resources should TDM with PSCCH/PSSCH resources in one slot, located at the end of available symbols in a slot.
Proposal 20:	In frequency domain, PSFCH resource(s) is located within the sub-channel(s) of relevant PSSCH.
Proposal 21:	The period of PSFCH in unit of slot should be configurable based on logical slots belonging to a resource pool.
Proposal 22:	The (pre-)configured smallest slot interval between PSSCH and related PSFCH resource, i.e. K, is interpreted in terms of physical slots.
Proposal 23:	No explicit AGC symbol is reserved for PSSCH.
Proposal 24:	In time domain, a PSSCH resource starts from the first sidelink symbol within a slot.
Proposal 25:	A sub-channel size (in terms of number of RBs) is (pre-)configured per resource pool.
Proposal 26:	For PSSCH, additional DMRS should be used at least for broadcast communication.
Proposal 27:	For PSSCH, only single-symbol DMRS is supported.
Proposal 28:	For PSSCH, only configuration type 1 DMRS is supported.
Proposal 29:	One DMRS pattern should be (pre-)configured per resource pool.
Proposal 30:	The number of sub-channels used for PSSCH should be indicated in SCI.
Proposal 31:	Reuse the Rel-15 frequency resource indication scheme of initial transmission and retransmission for PSSCH.
Proposal 32:	Support chain resource reservation scheme and the interval between current slot and next retransmission slot should be indicated in SCI.
Proposal 33:	Support single-stage SCI only.
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Appendix
Link level simulation assumption
	Parameter
	Value

	Carrier frequency
	6GHz

	Sub-carrier spacing
	6 GHz: 30 kHz 

	System bandwidth
	20 MHz

	Channel model
	TR 37.885 CDL model for Urban NLOS V2X channel

	Vehicle speed
	240 km/h

	Antenna configuration
	2 Tx 2 Rx, dual-polarized antenna

	Modulation order
	QPSK

	Code
	Polar encoder, 24 CRC bits 

	Payload bits for Case 1
( including CRC)
	60,90,120

	Resource for Case 1
	60 payload bits : 10 PRB, 4 OFDM symbols
90 payload bits : 15 PRB, 4 OFDM symbols
120 payload bits : 20 PRB, 4 OFDM symbols

	DMRS overhead 
	1/4 overhead, same DMRS positions in all PSCCH symbols 

	Channel estimation
	MMSE
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