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1. Introduction
In RAN#83, NR V2X WI has been approved to specify NR sidelink solutions necessary to support sidelink unicast, groupcast and broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage in Rel-16 [1]. In the last RAN1#96bis meeting, the following agreements and working assumptions were reached [2] on the sidelink physical layer structure.

Agreements:
· Polar code adopted for Rel-15 NR DCI is applied to PSCCH.
· LDPC codes used for Rel-15 NR DL-SCH is applied to a transport block delivered by PSSCH.

Agreement:
· The starting symbol and the number of symbols for a PSCCH are assumed to be known to the receiving UE before decoding the PSCCH.

Agreements:
· For the purpose of evaluation of PSCCH design, RAN1 assumes 60 bits, 90 bits, 120 bits as the total SCI sizes including 24 bits CRC.
· Other sizes are not precluded.

Agreement: QPSK is used for PSCCH.

Working assumption: Transmission of 1 TB with up to 2 layers in a PSSCH is supported.

Agreements:
· At least for transmission perspective of a UE in a carrier, at least TDM between PSCCH/PSSCH and PSFCH is allowed for a PSFCH format for sidelink in a slot.
· FFS the details of the corresponding PSFCH format
· FFS whether it is also applicable from system/resource pool perspective or not
· i.e., in this case, there is no simultaneous transmission of PSCCH and PSFCH and there is no simultaneous transmission of PSSCH and PSFCH.
· FFS FDM between PSCCH/PSSCH and a PSFCH format which uses last symbol(s) available for sidelink in a slot 
· FFS TDM/FDM between PSCCH/PSSCH and other PSFCH format(s), if supported, which is/are different from the PSFCH format which uses last symbol(s) available for sidelink in a slot.

In this contribution, we discuss NR V2X sidelink physical layer structures and make some observations and proposals. 
2. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Discussion of NR V2X sidelink physical layer structures 
2.1 Resource pools
In RAN1-AH Jan meeting, the following was agreed regarding the resource pool for PSSCH.Agreements:
· For time domain resources of a resource pool for PSSCH, 
· Support the case where the resource pool consists of non-contiguous time resources
· FFS details including granularity
· For frequency domain resources of a resource pool for PSSCH, 
· Down select following options:
· Option 1: The resource pool always consists of contiguous PRBs
· Option 2: The resource pool can consist of non-contiguous PRBs


For time domain resources of a resource pool for PSSCH, it was agreed to support the case where the resource pool consists of non-contiguous time resources. The support of non-contiguous time resources is needed to facilitate flexible configuration of the resource pools to achieve low sidelink transmission latency (e.g. resource pool with interleaved slots with other resource pools or with the Uu slots in shared carrier). The configuration of the time domain resources could be implemented based on the bitmap signaling with granularity of slot, like the means used in LTE V2X sidelink. 
In each of the configured slots, as agreed in the previous meeting, all the OFDM symbols could be available for the sidelink transmission and/or reception. Alternatively, only a subset of consecutive symbols in the slot could be available for sidelink. In the latter case, the remaining OFDM symbols within the slot could be used for Uu downlink and/or uplink transmissions in the shared carrier scenario, which may facilitate flexible co-channel coexistence of sidelink and Uu transmissions and the potential sidelink enhancement with Uu control. The sidelink slot format could be configured in the associated resource pool (pre)configuration. For example, a number of candidate sidelink slot formats are pre-defined in the specification with the slot format with all symbols as one format and the index of the used slot format could be defined in the resource pool (pre)configuration. To align the slot format used in partial coverage and out-of-coverage with that in network coverage, it may be beneficial to include the slot format indicator in the PSBCH. 
Proposal 1: Support slot as time domain granularity for resource pool of PSSCH. The slot format could be defined in resource pool (pre)configuration. 
For frequency domain resources of a resource pool for PSSCH, two options are available for selection
· Option 1: the resource pool always consists of contiguous PRBs
· Option 2: the resource pool can consist of non-contiguous PRBs
The option 1 is supported in LTE V2X where the lowest PRB index and the number of subchannels are used to configure the frequency resources of the resource pool. This option is simple and straightforward in signaling definition and it is beneficial to reduce the impact of inband emission interference among the sidelink transmissions. However, the drawback of the option 1 is that it imposes strict constraints on the frequency resource utilization. This is especially undesirable for the case with relatively large carrier bandwidth where the segmented frequency resources may be more frequent. Additionally, non-contiguous resource allocation might be beneficial in resource utilization e.g. when transmitting a large packet over the sidelink. On the other hand, the option 2 may lead to large signaling overhead if the granularity of the non-contiguous PRBs configuration is small e.g. in one or small number of PRBs. Additionally, too fragmented non-contiguous frequency resource may exacerbate the potential inband emission interference due to the potential near-far effect in sidelink transmissions (although MPR and power control may alleviate it to some extent). Based on these considerations, the resource pool could consist of limited number of non-contiguous frequency segments with contiguous PRBs in each frequency segment. 
Proposal 2: The resource pool could consist of a limited number of non-contiguous frequency segments with contiguous PRBs in each frequency segment. 
2.2 PSCCH design
SCI formats
Sidelink control information (SCI) represents the scheduling assignment (SA) information in LTE V2X which is the necessary information to decode the data packet. As only broadcast traffic type is supported in physical layer with main support for periodic packets, only single SCI format is defined in LTE V2X (i.e. SCI format 1) which implies relatively low blind decoding complexity. 
In NR V2X, due to more diverse traffic types to be supported (unicast/groupcast/broadcast with periodic and aperiodic packets with or without HARQ feedback), multiple SCI formats may be needed to enable flexible and efficient sidelink transmissions. For example, at least the following SCI formats could be considered. 
· SCI-R-1: SCI for resource reservation e.g. for aperiodic traffic
SCI-R-1 could be transmitted ahead of the associated PSSCH to announce the resource reservation for the data packet. In this case, the resource reservation could be taken into account by other UEs that are performing sidelink channel sensing for resource selection. It is particularly useful for aperiodic traffic which is generally one-shot transmission. Our system level simulations showed remarkable system performance gains by using this type of SCI [3]. In order to keep the potential interference to others as low as possible, the less the better for the information contained in SCI-R-1. For example, SCI-R-1 could at least include the following information: priority (or other QoS relevant parameter), position of the reserved resource in time and frequency. 
· SCI-R-2: SCI for resource unbooking/resource reservation e.g. for periodic traffic
For the periodic traffic, the periodic packet may be absent in some periodical instances e.g. when there is no new data to transmit or is stopped by congestion control. At the same time, the UE may still want to continue the resource reservation for the next period. In this case the UE may simply transmit PSCCH conveying SCI-R-2 to explicitly indicate the resource unbooking in current period and the resource reservation for the next period. Just like SCI-R-1, SCI-R-2 shall contain as little information as possible, e.g. priority and position of the reserved resource. Note that SCI-R-1 and SCI-R-2 could have the same size and one bit may be used to differentiate the two cases. 
· SCI-D-1: SCI for data packet decoding e.g. for broadcast traffic type
This type SCI could be used as the scheduling assignment information for broadcast sidelink transmissions that has no target receiver(s) and no HARQ feedback similar to the case in LTE V2X. Hence this type SCI could have relatively small size e.g. similar to or slightly larger than the size of SCI format 1 (i.e. 32 bits) used in LTE V2X.
· SCI-D-2: SCI for data packet decoding e.g. for unicast/groupcast traffic type
This type SCI could be used as the scheduling assignment information for unicast/groupcast sidelink transmissions that has target receiver(s) and/or HARQ feedback. For this purpose, some new information elements need to be defined, e.g. NDI, RV, HARQ process ID, source ID and destination ID (source/destination ID in physical layer could be part of ID for low overhead). This type of SCI has relatively large size and thus may need to occupy more physical resources by the associated PSCCH. 
Note that the above examples of the potential SCI formats are only primitive forms and they may change to different variants depending on the implementation structure for PSCCH, as described below.
PSCCH structures
In the previous meeting, the following was agreed for PSCCH.Agreement:
The starting symbol and the number of symbols for a PSCCH are assumed to be known to the receiving UE before decoding the PSCCH.

The starting symbol and the number of symbols for PSCCH can be (pre)configured e.g. in the resource pool relevant signaling for either whole-slot SL transmission (e.g. in dedicated carrier) or shared-slot SL transmission (e.g. in shared licensed carrier). The PSCCH could start immediately after the first sidelink symbol which is used for AGC settling in the receivers. For PSCCH with associated intra-slot PSSCH, the first sidelink symbol could be used to convey a PSSCH symbol for AGC settling and/or data detection. For the standalone PSCCH i.e. without associated intra-slot PSSCH (if it is supported), some redundancy symbol could be arranged at the first sidelink symbol e.g. the first PSCCH symbol is repeated to make the AGC operation take into account the received power of the standalone PSCCH. 
As discussed above, multiple SCI formats which have quite different message sizes may be defined to support various traffic types in NR V2X sidelink. In this case, there are two options to support/organize these multiple SCI formats:
· Option 1: single-stage SCI
· Option 2: two-stage SCI
The two options of the SCI/PSCCH structure are discussed respectively in the following
Option-1: Single-stage SCI structure
In option 1, there is a single-stage SCI/PSCCH necessary to decode the associated PSSCH. The receiver makes blind decoding for each possible PSCCH/SCI format for PSSCH detection (also for the standalone PSCCH for SCI-R-1/-2 if supported).  In this case, the PSCCH structure and format for each SCI format need to be fixed to facilitate the blind decoding operations. For example, fixed transmission formats (e.g. MCS, multi-antenna scheme) over fixed time/frequency resources (relative to the beginning of the subchannel) could be pre-defined for each possible SCI format. The receivers make blind decoding for each possible PSCCH format. Additionally, in this option, the PSCCH shall be potentially decodable for all other UEs which may be used in the sidelink channel sensing and resource selection procedure. This motivates the implications that CRC scrambling by e.g. target receiver ID and the link adaptation for PSCCH in unicast seem not allowed. 
The time/frequency resources for PSCCH could be defined in unit of resource element group (REG) which consists of one PRB of a single OFDM symbol. Assume the DMRS pattern like NR PDCCH is used, in each REG there are 3 REs for DMRS and 9 REs for PSCCH. Generally, two sub-options could be considered for the option-1 structure,
· Option-1a: Same resource size for different SCI formats
· Option-1b: Different resource size for different SCI formats
Option-1a means the MCS efficiency for different SCI formats are different. Thus, different transmit power could be used to achieve similar link budgets for different SCI formats. For example, total 36 REGs (e.g. 12 PRBs over 3 OFDM symbols) are used for the different PSCCH/SCI formats. With the SCI format sizes of 60, 90 and 120bits (24 CRC bits included) assumed in the previous meeting, the channel coding rates are 0.0926, 0.1389 and 0.1852, respectively. 
In option-1b, different PSCCH formats use similar MCS efficiency, thus different SCI format sizes indicate proportional resource sizes. With the SCI format sizes of 60, 90 and 120bits mentioned above and channel coding rate of about 0.1852, the required resources are 18, 27 and 36 REGs (or 6, 9 and 12 PRBs for 3 OFDM symbols), respectively. Figure 1 shows the link level performance for the option-1b. The detailed simulation conditions are introduced in appendix. 
The potential issue of the option 1 PSCCH structure is the blind decoding complexity. With the three possible PSCCH formats, at most 3*K number of blind decoding may be needed for each subchannel, where K is the number of selectable PSCCH DMRS sequences or cyclic shifts (K=4 in LTE V2X for interference mitigation). Additionally, another drawback of the single-stage SCI/PSCCH structure is the inflexible forward compatibility for the potential new SCI formats that may be needed to support new traffic in the future. 
 [image: ]
Figure 1: Link level results for single-stage SCI/PSCCH (option-1b)
Option-2: Two-stage SCI/PSCCH structure
For option 2 with the two-stage SCI structure, the SCI information (e.g. SCI-D-1/SCI-D-2) is divided into two stages of SCIs. The 1st stage could contain limited information e.g. PSSCH resource information, QoS requirement (e.g. priority), destination ID related information, together with the information relevant to the 2nd stage SCI (e.g. SCI format, resource information, DMRS information). The 2nd stage could contain the remaining SCI information to decode the associated PSSCH (e.g. HARQ relevant information, MCS, MIMO parameters, PSSCH DMRS/antenna port information and so on). In the two-stage SCI structure, the first stage SCI/PSCCH can employ the fixed SCI format and occupy fixed frequency resources relative to the subchannel in the similar way as the SCI in LTE V2X, while the second stage SCI/PSCCH can have flexible SCI format over variable resource size to adapt to the traffic type and/or channel conditions. With this structure, the receiving UEs generally only need to decode the 1st-stage PSCCH to get the information for sidelink channel sensing and resource selection and the 2nd-stage SCI/PSCCH shall be decoded only if they are identified as the target receivers from the 1st-stage SCI/PSCCH. Thus, this structure achieves good tradeoff between reducing blind decoding complexity and flexibility to support various traffic types with potential link adaptations for the sidelink control channels. An additional benefit of the 2-stage SCI structure is that it provides forward compatibility to some extent in the sidelink control design e.g. new SCI format may be introduced to support new service type and this new format can be conveyed by the flexible 2nd-stage SCI/PSCCH. 
The potential drawbacks of the two-stage SCI/PSCCH structure include the increased CRC overhead (additional 24 CRC bits needed for the two stages) and the somewhat deteriorated detection performance (the overall detection is successful if and only if both the stages are successfully decoded). Some link level simulations are made to evaluate the detection performance of the two-stage SCI/PSCCH as shown in Figure 3. In the simulations, the total SCI size of 120 bits (including 24 bits CRC) is assumed. With the two-stage SCI structure, it is assumed that first stage contains 60 bits (including CRC bits) and the second stage contains the remaining 60 bits plus the additional 24 CRC bits. The two-stage SCI detection fails if either stage is not successful. Note that the 2nd stage SCI employs the same transmission format as the first stage in the simulations although in principle it could use different MCS scheme as per the channel conditions. From the results, it is observed that the overall 2-stage SCI performance is worse by about 1.5dB than its first stage SCI performance. The reason for this loss includes the increased CRC overhead and more importantly the error propagation between the two stages (i.e. the failure of 1st-stage leads to overall failure even if the 2nd stage is ideally decoded successfully). However, in our view the performance loss may not be a serious issue in practical usage considering the following two aspects: 
· The two-stage SCI structure is generally more suitable for unicast/groupcast. In this case, most receivers only need to detect the first stage SCI/PSCCH for sensing purpose. Thus the overall SCI performance loss discussed above has no impact on these receivers. 
· For the target receivers, the link adaptation could be performed for the second stage SCI/PSCCH to adapt to the channel conditions to guarantee the transmission reliability e.g. through adjusting MCS, aggregation level and/or transmit power. 
Thus, motivated by the appealing benefits of the 2-stage SCI structure and the above considerations, the two-stage SCI structure is preferred. 
Proposal 3: Two-stage SCI structure is supported for NR sidelink. The SCI formats for each stage are FFS.



Figure 2:  Illustration of 2-stage PSCCH
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Figure 3: Link level results for two-stage SCI/PSCCH structure

Multiplexing of PSCCH and PSSCH
RAN4 provided reply LS on NR UE transient period in sidelink channels at this meeting [4]. As per this reply LS, transient period is needed in case of RB configuration or total transmit power change. Thus PSCCH/PSSCH multiplexing option 1B will need a transient period, while the multiplexing option 3 will not need any transient period. Hence working assumption of the multiplexing option 3 could be confirmed. 
Proposal 4: Confirm the working assumption of PSCCH/PSSCH multiplexing option 3. 

2.3 DMRS for PSCCH and PSSCH
DMRS for PSCCH
PSCCH could use DMRS pattern similar to the NR PDCCH. Figure 4 shows an example of PSCCH DMRS pattern, where three DMRS REs are evenly distributed in each PRB over all the OFDM symbols for PSCCH. The presence of DMRS on each of the OFDM symbols is beneficial for improving the channel estimation performance especially at high speed and for the potential synchronization operations. As there is generally no prior information on the PSCCH DMRS, fixed base DMRS sequence could be used for the PSCCH, meanwhile in order to combat the potential collisions of multiple transmitters on the PSCCH, multiple cyclic shifts could be selectable by the transmitters and the receivers make blind detection based on the available cyclic shifts, as done in LTE V2X sidelink. For example, three cyclic shifts could be used for the DMRS pattern shown in Figure 4. At the receiver side, blind detection with interference cancellation detector e.g. MMSE-IRC per PRB could be applied for high reliability of the PSCCH decoding.


Figure 4: Example of DMRS for PSCCH
DMRS for PSSCH
DMRS patterns in time domain
It was agreed in the previous RAN1 meetings that multiple DMRS patterns in time domain are supported for PSSCH to cope with various mobility scenarios. For example, in the platooning scenario, the radio channel may vary very slowly due to the low relative velocity; meanwhile in some freeway scenario, very high relative velocity e.g. up to 500kmph need to be supported which implies severe channel selectivity in time domain. Thus, support of multiple DMRS patterns in time could balance well the mobility support and resource efficiency. Generally, there are two options to support the multiple DMRS patterns in time domain
Option 1: Dynamic indication of DMRS time pattern by SCI.
Option 2: Implicit indication of DMRS time pattern
For option 2, the used DMRS time pattern for PSSCH is implicitly determined by e.g. subcarrier spacing. For example, for PSSCH in FR1, DMRS pattern with four DMRS symbols could be used for SCS of 15kHz and 30kHz (to support potential high mobility), while for SCS of 60kHz, DMRS pattern with two DMRS symbols could be used. In this way, high mobility could be supported well to a large extent meanwhile the resource efficiency is improved (for SCS 60kHz). This option avoids explicit dynamic control signaling. However, the disadvantage of this option is obvious: determination of DMRS time pattern only by SCS restricts resource efficiency improvement for the low SCS values. For example, DMRS time pattern with fewer DMRS symbols (e.g. one or two symbols) could be used for platooning sidelink communications. 
For option 1, the used DMRS time pattern of PSSCH is indicated explicitly by the associated PSCCH. This option is flexible enough to adapt to various usage scenarios with different SCS values. The cost of this option, i.e. the dynamic control signaling overhead, seems acceptable considering that only one bit may be sufficient to indicate the DMRS time pattern with high or low density in time (e.g. one with four DMRS symbols, and the other with two DMRS symbols for the PSSCH spanning the whole slot). 
Additionally, the support of single or multiple DMRS time patterns could be (pre)configured per resource pool. If the multiple DMRS time patterns are supported per resource pool, the dynamic indication of DMRS time pattern by SCI as discussed above could be used. Otherwise, the DMRS time pattern is fixed as per (pre)configurations of the resource pool and in this case the dynamic control signaling for DMRS time pattern is not needed. 
Proposal 5: Support multiple DMRS time patterns per PSSCH resource pool with dynamic indication in SCI. 
Proposal 6: TX UE indicates the used DMRS time pattern for PSSCH to the RX UE through PSCCH/SCI.
Regarding the mapping of PSSCH DMRS in time domain, it may be beneficial to define common PSSCH DMRS time patterns whose position does not depend on the presence and size of PSCCH. Figure 5(a) shows an example of the PSSCH DMRS time patterns with high and low density. Here the DMRS time pattern with high density is similar to that used in LTE V2X sidelink and Rel-15 NR Uu PDSCH/PUSCH DMRS pattern (with mapping type A with l0=2). For the common PSSCH DMRS time pattern, there is an issue that the first DMRS symbol may be overlapped with the PSCCH. If the PSSCH DMRS overlapped with PSCCH is punctured (i.e. not transmitted), there are some potential problems including: 1) channel estimation performance may be impacted for the PSSCH part TDMed with PSCCH if PSCCH DMRS could not be used for PSSCH detection; 2) sidelink measurement may be impacted e.g. PSSCH-RSRP and S-RSSI (if based on DMRS); 3) synchronization based on DMRS may be impacted (e.g. to update time/frequency synchronization based on DMRS from other SyncRef UEs). Motivated by these considerations, it could be considered that the PSCCH are mapped around the PSSCH DMRS as shown in Figure 5(b). 
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(a) PSSCH DMRS pattern with high and low density
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(b) PSSCH DMRS pattern with presence of PSCCH
Figure 5: Illustration of PSSCH DMRS time patterns

DMRS patterns in frequency domain
In RAN1-94 meeting, it was agreed that DMRS defined in Rel-15 NR Uu is the starting point for NR sidelink DMRS design. In Rel-15 NR Uu, there are two types of DMRS configurations defined for NR PUSCH and PDSCH, i.e. type-1 and type-2 DMRS configurations. These two types of DMRS begin with front-loaded one (or two) DM-RS symbols optionally followed by at most three additional DMRS symbols (pairs) as per configurations. Figure 6 shows an example of the two DMRS configuration types in type A PDSCH/PUSCH mapping. 


                    
Figure 6: Example of type-1(left) and type-2(right) DM-RS configurations (assumed single-symbol front-loaded with three additional DM-RS symbols configured)
In comparison with type-1 DMRS, type-2 DMRS configurations can support more antenna ports at the cost of fewer DMRS REs per port per PRB. For type-2 DRMS configuration, the DMRS frequency spacing of 6 subcarriers (or 5 subcarriers depending on the layer number) implies relatively large DMRS frequency spacing especially for large SCS (e.g. with SCS of 60kHz and 120kHz, the DMRS frequency spacing could be up to 360kHz and 720kHz, respectively), which may impose severe challenges on the accurate channel estimation especially for the channels/scenarios with relatively large channel delay potentially together with some propagation delays and/or residual timing offsets. Additionally, enough DMRS elements are needed to enable sufficient performance in the low SNR regime. This can only be ensured with sufficient number of DMRS REs per PRB. Motivated by these considerations, type-1 DMRS structure is slightly preferred as PSSCH DMRS structure in frequency domain. 
Proposal 7: For PSSCH DMRS pattern in frequency domain, Rel-15 NR Uu type-1 DMRS configuration is supported. 
If the NR Uu type-1 DMRS configuration is used for the PSSCH, there are totally four antenna ports that can be used (single DMRS symbol configuration assumed), including two antenna ports for each of the two CDM groups. As per the NR V2X WID approved in the recent RAN-83 meeting, up to two antenna ports are supported for the multi-rank PSSCH transmission. In this case, how to utilize the two CDM groups of DMRS for PSSCH transmission shall be considered carefully. In the transmitter UE point of view, there are two options to utilize the two CDM groups of DMRS, as follows
Option 1: one CDM group used for DMRS, the other CDM group mapped with data
Option 2: one CDM group used for DMRS, the other CDM group unused
Option 1 can achieve higher spectral efficiency. But on the other hand, option 2 has potential benefits in interference mitigation which may be of more significance particularly in the NR V2X scenarios. In NR V2X, the collision interference may become more serious than in LTE V2X due to the potential coexistence of various types of V2X traffic e.g. periodic or aperiodic unicast/groupcast/broadcast traffic types with largely different packet sizes). In some cases, the resources may be segmented into relatively small resources e.g. by the packets that select the resources near the middle in frequency (or time) domain, which prevents the resource selection by other users especially those with large packets. Figure 7 shows an example of such scenario. In this scenario, it is assumed that UE-1 to UE-5 have already selected the resources as shown in the figure and UE-6 wants to select a resource of 5 subchannels based on the sidelink channel sensing. In this example, although UE-1 to UE-5 occupy less than 50% total resources it seems difficult for UE-6 to select a resource without any collisions. In this case, a potential solution is that UE-6 selects the resource that collides with UE-5 as shown in the figure but intentionally selects the antenna ports that are orthogonal to those used by UE-5. In this case, the collision interference could be largely mitigated e.g. through advanced interference cancellation detectors. 


Figure 7: Illustration of the resource selection collision
Some link level simulations were made to evaluate the sidelink performance in interference-limited scenario with the simulation results shown in Figure 8. In the simulations, it is assumed that the target transmitter selects the resource totally collided with an interfering transmitter and both the transmitters transmit their packets with same transmission format (QPSK, 0.5CR with 2 data layers). In the simulations, the noise power level is fixed to 25dB less than signal power. The BLER for the target transmitter with packets (190 bytes) is evaluated against the SIR (power ratio of signal from target transmitter and that from the interference transmitter). In the simulations, two antenna port allocations are compared: one with orthogonal antenna ports allocated to the two UEs (refer to Fig.6 for antenna port 0~3) and the other with different DMRS sequences (based on PRBS with different initialization seeds) over the same antenna ports. From the results, we can observe that the orthogonal antenna port allocation achieves performance gains of 4~5dB. 
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Figure 8: Link level results for interference-limited scenario
The provision of orthogonal DMRS patterns for collision interference mitigation could also be implemented in code domain e.g. through using different cyclic shifts based on the same DMRS sequence. This makes sense especially in mode-1 resource allocation where the DMRS allocation could be under control of base station. In mode-2 resource allocation, there is a risk that the UEs select the same cyclic shift by chance which may destroy totally the transmissions from the colliding UEs. Based on these considerations, the provision of orthogonal DMRS patterns in FDM based on different base DMRS sequences for the colliding UEs seems more robust and reliable. 
Proposal 8: Support multiple orthogonal DMRS patterns in frequency to suppress the potential colliding interference. 
Potential usage of DMRS in sidelink measurement
In resource allocation mode 2, the UE may make the autonomous resource selection based on the channel sensing results. Channel sensing procedure may consist of two operations: 1) decode PSCCH and then measure RSRP based on which some resources may be excluded; 2) measure the received sidelink signal energy i.e. S-RSSI and select the resource from the candidate resource set with weakest S-RSSI values. The operation of S-RSSI is needed considering the potential scenario e.g. some PSCCH/PSSCH may not be decoded due to severe collisions of multiple UEs. 
The S-RSSI measurement procedure defined in LTE-V2X Rel-14/15 could work well with the periodic V2X traffic. However, in NR V2X more diverse traffic types will be supported including the periodic and aperiodic packets and the periodic and aperiodic packets may coexist in the same resource pool for high resource efficiency. It is envisioned that the presence of aperiodic packets in the sensing window may cause serious disturbance to the S-RSSI measurement and make the S-RSSI less reliable as reference for resource selection. Motivated by this observation, it is considered that the S-RSSI measurement implicitly removes the contributions from the aperiodic packets. One potential way to achieve this is that the S-RSSI measurement is based only on periodic packet specific DMRS and the aperiodic packets use DMRS pattern orthogonal to the periodic packets (e.g. in FDM). 
Some preliminary system level simulations were made to evaluate the impact of the aperiodic packets on the S-RSSI measurements and resource selection as shown in Figure 9. In the simulations, 50% UEs with periodic traffic and the rest UEs with aperiodic traffic share the same resource pool. Sensing-based UE-autonomous resource selection is used for both the traffic types (It is assumed that PSCCH with resource reservation is transmitted ahead of data for aperiodic packets). Other simulation conditions are listed in table 3 in appendix. From the simulation results, we can get the following observations:
Observation 1: Aperiodic packets have large negative impact on the S-RSSI measurement and associated resource selection by the UE.
Proposal 9: Discuss the solution to mitigate the impact of aperiodic packets on the sidelink channel measurement and UE resource selection. S-RSSI measurement based on DMRS could be considered. 
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Figure 9: Evaluation of the impact of aperiodic packets on the sensing-based resource selection
Note that if NR Uu type-1 DMRS configuration (with single symbol) is used, there are totally two CDM groups. In this case, for the resource pool shared by periodic and aperiodic traffic types, the two CDM groups of DMRS could be allocated to periodic traffic and aperiodic traffic, respectively. In this way, not only the potential collision interference between periodic and aperiodic packets could be mitigated efficiently, but also the impact of aperiodic packets in the sidelink measurement (S-RSSI) could be implicitly avoided. For the resource pool dedicated to periodic traffic or aperiodic traffic, the two CDM groups of DMRS could be adaptively selected based on the sidelink channel sensing to suppress the colliding interference in the interference-limited scenario (as discussed in previous subsection).

2.4 PSFCH
In the previous meeting, it was agreed that at least TDM between PSCCH/PSSCH and PSFCH is allowed for a PSFCH format from transmission perspective of a UE in a carrier. It was also agreed that in the resource pool for sidelink, PSFCH resources can be (pre)configured periodically with a period of N slots where N could be one or other more value(s) depending on configurations. 
For the PSFCH format that uses the last symbol(s) available for sidelink in a slot, at least two symbols are needed for the PSFCH one for AGC settling and the other for the PSFCH signal e.g. in sequence-based form like NR PUCCH format 0. Additionally, one guard time may be needed before the PSFCH symbol to enable potential TX/RX switching. 


Figure 10: Illustration of the short PSFCH format
Regarding the multiplexing of PSCCH/PSSCH and the PSFCH that uses the last symbol(s) in the slot, if the TDM multiplexing is only from transmitter perspective which means that the PSCCH/PSSCH and the PSFCH from different transmitters can be multiplexed in FDM (i.e. during the last symbol(s) there are simultaneous transmission of PSCCH/PSSCH and PSFCH), this implies that the receiver may make AGC re-adjustment during the first symbol of PSFCH to adapt to the received power including the PSFCH, otherwise distortion may occur e.g. due to clipping for the received signals. This will have impact on the channel estimation for PSCCH/PSSCH and degrade the channel estimation performance to some extent. On the other hand, if the TDM multiplexing of PSCCH/PSSCH and the PSFCH is from system/resource pool perspective which means that no PSCCH/PSSCH signals will be transmitted during the PSFCH symbols from any UE. This can avoid the impact on the channel estimation, but the cost is the reduced spectral efficiency especially when the PSFCH resource period N is relatively small. If the PSFCH resource period N is relatively large, it will bring new problems e.g. impact on latency, PSFCH transmitter cannot monitor a large number of HARQ feedbacks from other UEs (where the PSFCH transmitter may even be the target PSFCH receiver) due to the half-duplex constraint. 
Considered the above troublesome issues, we think that the long PSFCH format (which spans the whole slot) may still be needed. The long PSFCH could occupy 1 slot (i.e.14 OFDM symbols) in time domain and 1 PRB (or 2 PRBs) in frequency domain and the long PSFCHs could be arranged in one (or more) subchannels within the resource pool with specific mapping between the PSCCH/PSSCHs and the long PSFCH resources. 
Proposal 10: Support the long PSFCH format that occupies all the symbols available for sidelink in the slot.

3. Conclusions
In this contribution we made further discussions on NR V2X sidelink physical layer structure. Based on the discussions, the following proposals and observations are provided. 

Observation 1: Aperiodic packets have large negative impact on the S-RSSI measurement and associated resource selection by the UE.

Proposal 1: Support slot as time domain granularity for resource pool of PSSCH. The slot format could be defined in resource pool (pre)configuration. 
Proposal 2: The resource pool could consist of a limited number of non-contiguous frequency segments with continuous PRBs in each frequency segment.
Proposal 3: Two-stage SCI structure is supported for NR sidelink. The SCI formats for each stage are FFS.
Proposal 4: Confirm the working assumption of PSCCH/PSSCH multiplexing option 3. 

Proposal 5: Support multiple DMRS time patterns per PSSCH resource pool with dynamic indication in SCI. 
Proposal 6: TX UE indicates the used DMRS time pattern for PSSCH to the RX UE through PSCCH/SCI.
Proposal 7: For PSSCH DMRS pattern in frequency domain, Rel-15 NR Uu type-1 DMRS configuration could be used.
Proposal 8: Support multiple orthogonal DMRS patterns in frequency to suppress the potential colliding interference.
Proposal 9: Discuss the solution to mitigate the impact of aperiodic packets on the sidelink channel measurement and UE resource selection. S-RSSI measurement based on DMRS could be considered.
Proposal 10: Support the PSFCH format that occupies all the symbols available for sidelink in the slot.
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Appendix 
Table 1: Link level simulation conditions for Fig. 1/3
	Parameters
	Values

	Carrier frequency
	6.0GHz

	Packet size
	60/90/120 bits (including CRC) (for Fig.1)
60/84 bits for 2-stage SCI (including CRC) (for Fig.3)

	Modulation and coding
	QPSK, Polar coding (NR DL)

	Resources
	6/9/12 PRBs over 3 OFDM symbols (for Fig.1)
6/6 PRBs over 3 OFDM symbols (for Fig.3)

	Antenna setting
	1TX/4RX, Cross-polarized antennas with model-1 [5]

	Sidelink waveform and SCS
	OFDM, 15kHz

	Fast fading channel
	CDL Urban NLOS channel
Relative velocity: 120kmph

	Sidelink TTI structure
	Slot (i.e. 14 OFDM symbols)

	DMRS pattern
	3 DMRS REs evenly distributed per PRB in each OFDM symbol

	Timing/frequency offset
	Ideal

	Channel estimation
	Real



Table 2: Link level simulation conditions for Fig. 8
	Parameters
	Values

	Carrier frequency
	6.0GHz

	Packet size
	190 bytes

	Modulation and coding
	QPSK, LDPC coding

	MIMO
	Spatial multiplexing with 2 data layers

	Resources
	One subchannel of 8 PRBs over one slot

	Antenna setting
	2TX/4RX, Cross-polarized antennas with model-1 [5]

	Sidelink waveform and SCS
	OFDM, 15kHz

	Fast fading channel
	CDL Urban NLOS channel
Relative velocity: 30kmph

	Sidelink TTI structure
	Slot (i.e. 14 OFDM symbols)

	Configuration of DMRS and antenna ports
	Two configurations simulated based on the pattern shown in Figure 6
· Antenna port 0/1 over different DMRS sequences for the two colliding UEs
· Antenna port 0/1 for one UE and antenna port 2/3 for the other UE

	Timing/frequency offset
	Ideal

	Channel estimation
	Real

	Detection algorithm
	MMSE-IRC per PRB




Table 3: System level simulation conditions for Fig. 9
	Parameters
	Values

	Carrier frequency
	6 GHz

	SCS (sub-carrier spacing)	
	15 KHz

	Bandwidth
	20 MHz for PSSCH

	Packet modulation/coding
	16 QAM, ½ LDPC, 8 PRBs per subchannel

	Number of TX/RX antenna number
	2Tx/4Rx

	Antenna model for vehicle UE
	Option 1

	Velocity for vehicle TX UE and RX UE
	Highway scenario: 
Option A: 140 km/h 

	PSSCH transmission number per TB 	
	Single transmission per TB

	Service type
	Broadcast traffic with mixed 50% periodic UEs and 50% aperiodic UEs. Medium intensity for both periodic traffic (with period of 50m) and aperiodic traffic, as defined in TR37.885.

	Resource selection method
	Sensing-based resource selection for both period and aperiodic packets.
SPT for periodic packets; resource reservation for aperiodic packet ahead of PSSCH. 
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