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Introduction
[bookmark: _Hlk528874692]NR V2X sidelink physical layer structure has been extensively discussed in RAN1 [1]-[6]. In RAN1 #96bis [6], the following agreements have been made:
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.
Agreements:
· 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.
Agreements:
· 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 provide our views on multiple aspects of physical layer structures design, including resource pool, RS design, PSCCH and associated PSSCH multiplexing, PSFCH formats and resources, as well as PSCCH design. 
Discussion
[bookmark: _Ref525650182]NR sidelink resource pool 
It was agreed [2] that resource pool is supported for NR sidelink. Like in LTE V2X, resource pool is composed of a set of time and frequency resources for sidelink transmission and/or reception. It was further agreed [4] that a resource pool can consist of non-contiguous time resources. 
One open question is whether a resource pool consists of contiguous resources in frequency. We think a NR resource pool could consist of contiguous resources in frequency. This could simplify the configuration of resource pool. Sub-channels consisting of contiguous RBs can also be defined within a resource pool in frequency domain. The use of sub-channels can reduce signaling overhead and decoding complexity of PSCCH. 
Furthermore, in the case that only non-contiguous RBs in frequency domain are available, multiple resource pools can be configured, and each resource pool is composed of continuous RBs.
Proposal 1: Contiguous resources in frequency domain is only supported for resource pool configuration.
It was agreed [5] that NR sidelink supports two cases: Case 1 where all the symbols in a slot are available for sidelink, and Case 2 where only a subset of consecutive symbols in a slot is available for sidelink. The second case is only applicable on shared carrier, where the slot format configuration is not dynamically indicated to a UE.
One usage scenario of Case 2 is that only a subset of symbols of a slot is indicated as UL symbols and sidelink transmissions can only use the UL symbols. The slot format indication can be configured via cell-specific SIB or UE-specific RRC signaling. In order to align between sidelink transmit UE and sidelink receiver UE, it is preferred that only the UL symbols configured by cell-specific SIB configuration can be used for sidelink transmissions. Still, the cell-specific slot format configuration does not work for the partial coverage scenario, where one UE cannot receive the cell-specific slot format configuration if it is out of coverage.
Proposal 2: Use the UL symbols only in cell-specific slot format configuration for sidelink in a shared carrier. 
A UE may be involved in sidelink unicast, groupcast and broadcast simultaneously. For example, a platooning member UE is in a groupcast session; it may also be in a unicast session by communicating with a neighbour vehicle UE on the next lane; and it may also be in a broadcast session by receiving CAM from other UEs. To facilitate the UE’s operation, it is beneficial to have a common resource pool for unicast, groupcast and broadcast. If separate resource pools are used for sidelink unicast, groupcast and broadcast, then the UE may have to dynamically switch among these resource pools. The sensing and monitoring of multiple resource pools could complicate the UE operations.
Furthermore, the separate resource pool for each cast may result in inefficient resource utilization since gNB may not know how much traffic occurs in each cast type. Therefore, each resource pool may have a different congestion rate which seems to be inefficient in terms of the resource utilization. Therefore, a common resource pool regardless of the cast type should be considered.
[bookmark: _Hlk534989563]Proposal 3: Support a common resource pool design for sidelink unicast, groupcast and broadcast. 

NR sidelink reference signal
The support of multiple PSSCH DM-RS patterns in time domain has been agreed for better support of various Doppler frequencies as well as QoS levels. In NR Uu, the DM-RS configuration is per BWP, therefore a gNB can dynamically adapted the DM-RS time density based on the channel condition. For example, a gNB can switch to a BWP with a higher time density when the Doppler frequency gets higher for a UE and switch back to another BWP with a lower time density when the Doppler frequency becomes lower to increase the spectral efficiency.
For NR sidelink, considering that the UE mobility may be dynamically changed, and the Doppler impact could be more severe due to relative speed, dynamic adaptation of DM-RS time density should be considered. Since RAN1 has agreed that a single sidelink BWP is configured, the DM-RS time density configuration per BWP like NR Uu may not be appropriate to handle various V2X scenarios. Therefore, a mechanism to switch DM-RS time density dynamically without BWP switch should be supported for PSSCH.
Proposal 4: A mechanism to switch DM-RS time density dynamically without BWP switch should be supported for PSSCH.
When multiple DM-RS time densities are used for PSSCH, a source UE may determine an appropriate time density based on channel condition for the destination UE if available. For example, if SNR is low and/or Doppler frequency is high for the channel between source and destination UEs, the source UE may use a higher DM-RS density for better channel estimation performance. Otherwise, a lower DM-RS density could be used to increase spectral efficiency. If a source UE doesn’t have a channel status information, it can increase the DM-RS density based on HARQ related information as similar to the open-loop link adaptation based on HARQ-ACK information which has been used for MCS selection.
Since the DM-RS time density should be known between source and destination UEs, it can be simply indicated from the associated SCI in an implicit or explicit manner. For example, the DM-RS time density can be implicitly determined based on the scheduled MCS level for the associated PSSCH, or it can be indicated explicitly from a bit field dedicated for DM-RS time density in the associated SCI. 
Proposal 5: A PSSCH DM-RS time density is indicated implicitly or explicitly in the associated SCI.
In NR Uu, two types of DM-RS mapping are supported for PDSCH and PUSCH, where the Type-1 DM-RS mapping supports up to 8 DM-RS ports with a higher DM-RS density per port and the Type-2 DM-RS mapping supports up to 12 DM-RS port with a lower DM-RS density per port. Therefore, in general, Type-1 DM-RS mapping provides better channel estimation performance while Type-2 DM-RS mapping has higher multi-user multiplexing capacity for MU-MIMO operation with orthogonal DM-RS ports. In our contribution [7], it is shown that the Type-1 DM-RS mapping always provides the same or better performance over Type-2 DM-RS mapping when single-user MIMO is used. Note that MU-MIMO is rarely used in NR V2X scenarios since there is no scenario that supports a single source UE schedules multiple unicast traffics to different destination UEs at the same time. Based on these observations, it seems straightforward to support Type-1 DM-RS mapping only for PSSCH.
Proposal 6: Type-1 DM-RS mapping is reused and only supported for PSSCH.
The option 3 has been agreed as working assumption for multiplexing PSCCH and PSSCH. Considering that PSCCH and PSSCH are located in the same set of RBs, sharing DMRS between PSCCH and PSSCH has been proposed. Since multi-rank transmission has been agreed to be supported for PSSCH, the number of antenna port for PSSCH DM-RS will be dynamically changed over time. On the other hand, it is very difficult to support dynamic rank adaptation for PSCCH since a UE needs to blindly detect. Therefore, a fixed rank (i.e., Rank-1) should be used for PSCCH and it requires only a single antenna port.
Given that the number of DM-RS antenna ports for PSCCH and its associated PSSCH could be different and changes dynamically, it makes sense to use a separate DM-RS for PSCCH and PSSCH.
Proposal 7: DM-RS for PSCCH and DM-RS for PSSCH are independently designed.
In NR Uu, PDCCH DM-RS is located within PDCCH resources and use REG bundling to improve the channel estimation performance based on the channel condition. Considering that we agreed to support front-loaded control channel for PSCCH at least, the NR Uu PDCCH building blocks (e.g., REG, CCE, DM-RS) could be reused for PSCCH to avoid unnecessary standards effort.
Proposal 8: PDCCH DM-RS is reused for PSCCH.
It has been agreed to support CSI-RS and PTRS for NR V2X sidelink. Those reference signals have been designed with extensive study during Rel-15 for NR Uu with OFDM waveform and the design is flexible enough to apply for sidelink. Therefore, it is recommended to reuse NR Uu CSI-RS and PTRS for NR V2X sidelink as much as possible.
Proposal 9: NR Uu CSI-RS and PTRS are baseline for S-CSI-RS and S-PTRS design.

[bookmark: _Ref525650173][bookmark: _Ref525647335]Multiplexing of PSCCH and PSSCH
Two physical channels, PSCCH and PSSCH, have been agreed for NR V2X, where PSCCH at least carries information necessary to decode PSSCH. Four options for multiplexing of PSCCH and the associated PSSCH have been identified for further study, where it is working assumption [3] that at least Option 3 is supported.
Among the three TDM options of multiplexing PSCCH and PSSCH (i.e., Options 1A, 1B and 3), Option 3 provides the highest utilization efficiency. Furthermore, Option 1A results in an increased PSCCH blind decoding complexity, which makes it unpreferable. It was concluded by RAN4 [8] that a transient period is needed during the switch between PSCCH and PSSCH for Option 1B, due to the significant power transient between the last PSCCH symbol and the first PSSCH symbol in case of a large power imbalance between PSCCH and PSSCH. Hence, Option 1B is also not preferred. 
In our view, the PSCCH transmission in NR V2X at least should achieve at a similar reliability level as the PSCCH transmission in LTE V2X. In LTE V2X, the PSCCH occupies a whole subframe in time domain and 2 resource blocks in frequency domain. The number of effective resource elements for PSCCH is 192, excluding the DMRS, AGC and GAP symbols. 
In Option 3 of PSCCH and PSSCH multiplexing, if the number of PSCCH symbols is 3 and 1/4 PSCCH DMRS overhead is considered, the number of effective resource elements for PSCCH is 108 (or 216) if the minimum sub-channel size is 4 (or 8) PRBs. It is expected that the SCI payload size for NR V2X is no less than the SCI payload size for LTE V2X (i.e., 48 bits). For example, it was agreed [6] that for evaluation purpose, the total SCI payload sizes are 60, 90, 120 bits. Hence, the resulting coding rate of NR SCI in Option 3 is generally higher than the coding rate of LTE SCI. 
For more reliable PSCCH transmissions in Option 3, the number of PSCCH symbols should be large (e.g., more than 7 symbols). One possibility is that the number of PSCCH symbols is equal to the number of its associated PSSCH symbols, no matter whether PSFCH resource is configured for this slot or not. 
In summary, the number of PSCCH symbols can be either 3 symbols or equal to the number of associated PSSCH symbols. Since a receiving UE needs to know the number of PSCCH symbols before decoding the PSCCH [6], the number of PSSCH symbols should be a part of resource pool configuration. A resource pool configured with fewer PSCCH symbols is suitable for NR V2X services with relaxed latency or high reliability requirements, while a resource pool configured with more PSCCH symbols is suitable for NR V2X services with low latency or less reliability requirements. 
Based on the above analysis, we have the following proposals. 
Proposal 10: Confirm Option 3 of PSCCH and PSSCH multiplexing for NR V2X sidelink in condition that the PSCCH symbols could occupy all available symbols in a slot for sidelink.
Proposal 11: The number of PSCCH symbols is a part of resource pool configuration.

PSFCH formats and resources 
It was agreed [5] that NR sidelink supports at least a PSFCH format for sidelink HARQ feedback which uses last symbol(s) available for the sidelink in a slot. It was agreed [6] that 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. 
The NR PUCCH format 0 occupies 1 or 2 OFDM symbols in time and 1 PRB in frequency. It can fit the agreed PSFCH resource structure, as in the last symbol(s) in a slot. Hence, it is rational to support short PSFCH format with NR PUCCH format 0 as the baseline. In case that more than 2 bits HARQ feedback needs to be supported, PUCCH format 2 could be also considered on top of PUCCH format 0.
Proposal 12: Supports short PSFCH format based on NR PUCCH format 0 with TDM between PSCCH/PSSCH and PSFCH. 
[bookmark: _GoBack]Comparing with short PSFCH format (e.g., NR PUCCH format 0), long PSFCH format (e.g., NR PUCCH format 1) is beneficial for sidelink feedback coverage extension. It also has higher user multiplexing capability which is useful for sidelink groupcast using the HARQ ACK/NACK feedback scheme. 
[bookmark: _Hlk4531426][bookmark: _Hlk534989502]For long PSFCH format (i.e., more than 2 OFDM symbols), the PSFCH resources can be FDM with the PSCCH/PSSCH resources. The disadvantage of the FDM option is that some additional frequency resources are allocated to PSFCH. These additional frequency resources may not be fully utilized due to a limited number of HARQ feedback. One advantage of the FDM option is that it provides more flexibilities on the HARQ feedback timing, as the HARQ feedback does not have to be at the end of a slot. Also, the frequency resources allocated for PSFCH may be shared by standalone PSCCH (e.g., for pre-emption or resource booking) to achieve high resource usage efficiency, since each of PSFCH or standalone PSCCH may occupy small frequency resources (e.g., 1 PRB). More details of standalone PSCCH are provided in our companion contribution [9]. 
Proposal 13: Supports long PSFCH format based on NR PUCCH format 1 with FDM between PSCCH/PSSCH and PSFCH. 

PSCCH design 
Unlike LTE V2X which only supports sidelink broadcast, the NR V2X supports sidelink broadcast, groupcast and unicast. The sidelink control information for groupcast and unicast is different from the sidelink control information for broadcast. For example, to support HARQ combining in sidelink unicast or groupcast, the HARQ process ID, new data indicator, redundancy version and layer 1 source ID should be contained in SCI. This set of information does not have to be contained in the SCI associated with sidelink broadcast. More details are discussed in our companion contribution [10]. In general, it is expected that less sidelink control information is needed for sidelink broadcast than for sidelink unicast or groupcast. The following discussions are based on the assumption that a common resource pool supports sidelink unicast, groupcast and broadcast. 
If a single SCI format is used for sidelink broadcast, groupcast and unicast, then the sidelink broadcast does not take advantage of the potential coding gain, and hence resulting in reduced SCI transmission reliability. 
Alternatively, multiple SCI formats may be designed for different traffic types. However, this increases the SCI decoding complexity if these SCI formats have different payload sizes. The SCI decoding complexity is further increased, in case multiple aggregation levels for PSCCH are supported for reliable SCI transmission in various channel conditions.
The contents of SCI can be categorized to two parts or two stages. The SCI part 1 (or SCI stage 1) contains information which needs to be broadcast. The resource reservation related information needs to be learned by any UE in order to avoid sidelink resource collisions, and hence it belongs to SCI part 1. SCI part 1 also includes some assistant information to facilitate SCI part 2 decoding. With this principle, sidelink broadcast has SCI part 1 only, since all its control information needs to be broadcast. It is possible two SCI part 1 formats are used, one for sidelink broadcast and the other for sidelink unicast or groupcast. The sidelink unicast or groupcast with HARQ disabled can be treated as sidelink broadcast.
The SCI part 2 (or SCI stage 2) contains information which needs to be received only by targeted UEs. Note that the information related to unicast or groupcast sidelink PSSCH decoding (e.g., HARQ process ID, new data indicator, redundancy version, layer-1 source ID, etc.) is only needed for targeted UEs. This PSSCH decoding related information belongs to SCI part 2. 
The SCI part 1 can have a fixed payload size (for both SCI part 1 formats) and a fixed resource location so that the decoding complexity of SCI part 1 is minimized. When the SCI for sidelink unicast or groupcast is sent over sidelink, a UE not involved in this sidelink unicast or groupcast only decodes SCI part 1 for its sensing and resource selection purpose. It does not need to decode SCI part 2, hence reducing its SCI decoding complexity and latency. 
The SCI part 2 can be polar encoded and rate matched. The rate matched bits can be piggybacked on PSSCH resource. In this way, the whole PSCCH resource is used to deliver SCI part 1. Since the SCI part 1 payload size is smaller than the overall SCI payload size for sidelink unicast or groupcast, the SCI part 1 transmission is more reliable than the SCI transmission in a 1-stage SCI scheme due to its reduced coding rate. This design increases the sensing performance of Mode 2 UEs and hence reduces the collision probability and increases the system throughput. 

Exemplary comparison
In this section, we give an exemplary comparison between 2-stage SCI and 1-stage SCI. We compare three schemes, where the first two schemes are 1-stage SCI schemes and the last scheme is the 2-stage SCI scheme. For simplicity, we do not distinguish sidelink groupcast from sidelink unicast in the following discussions. 
It was agreed [6] that for the purpose of evaluation of PSCCH design, SCI payload sizes are 60, 90 or 120 bits including 24 CRC bits. As discussed above, we expect the SCI payload size for sidelink broadcast is less than the SCI payload size for sidelink unicast or groupcast. Hence, it is natural to assume that the total control information is 36 bits for sidelink broadcast and is 66 (or 96) bits for sidelink unicast. This is because layer-1 source ID, HARQ process number, new data indicator and redundancy version are only used for sidelink unicast, which leads to the control information size gap between sidelink unicast and sidelink broadcast.
· Scheme 1 (two SCI formats with different payload sizes): SCI format 1 is for broadcast with payload size 60 bits including 24 CRC bits, and SCI format 2 is for unicast with payload size 90 or 120 bits including 24 CRC bits. 
· Scheme 2 (two SCI formats with identical payload size): SCI format 1 is for broadcast and SCI format 2 is for unicast. Both SCI formats have payload size of 90 or 120 bits including 24 CRC bits. Note that 24 zero bits are padded to SCI format 1 to align its payload size with SCI format 2. 
· Scheme 3 (two-stage SCI): SCI part 1 has two formats with identical payload size. SCI part 1 format 1 is for broadcast and SCI part 1 format 2 is for unicast. Both SCI part 1 formats have payload size of 60 bits including 24 CRC bits. The remaining control information for sidelink unicast is in SCI part 2. The SCI part 2 has payload size of 54 or 84 bits including 24 CRC bits. 

SCI decoding complexity
Suppose a total of 20 mode-2 UEs (say, UEs 1-20) share a common resource pool. The first 5 UEs have respective unicast sidelink sessions with the next 5 UEs, i.e., UE 1 has a unicast session with UE 6, UE 2 has a unicast session with UE 7, etc. The last 10 UEs have sidelink broadcast. In a slot, the first 5 UEs respectively unicast sidelink data to the next 5 UEs, while UEs 11-15 broadcast sidelink data. This is illustrated in Figure 1. In this example, UEs 6-10 and UEs 16-20 are the receiver UEs. The size and location of PSCCH resources are fixed in the following analysis for easy comparison.


[bookmark: _Ref4099326]Figure 1: Example of mixed sidelink unicast and broadcast
In Scheme 1, each receiver UE has 2 SCI decoding attempts on each sub-channel, resulting in a total of 20 SCI decoding attempts over the whole 10 sub-channels. 
In Scheme 2, each receiver UE has 1 SCI decoding attempt on each sub-channel, resulting in a total of 10 SCI decoding attempts over the whole 10 sub-channels.
In Scheme 3, each receiver UE without unicast data reception (i.e., UEs 16-20) has 1 SCI part 1 decoding attempt on each sub-channel, resulting in a total of 10 SCI part 1 decoding attempts over the whole 10 sub-channels. 
Each receiver UE with unicast data reception (i.e., UEs 6-10) has 1 SCI part 1 decoding attempt and 1 SCI part 2 decoding attempt on the sub-channel with its unicast data. It also has 1 SCI part 1 decoding attempt on the other 9 sub-channels. Hence, each receiver UE with unicast data reception has a total of 11 SCI decoding attempts over the whole 10 sub-channels.
It is observed that Scheme 3 has almost the same SCI decoding complexity as Scheme 2, which is much less than Scheme 1.
Observation 1: Scheme 3 (two-stage SCI) has almost the same SCI decoding complexity as Scheme 2 (two SCI formats with identical payload size), which is much less than the SCI decoding complexity as Scheme 1 (two SCI formats with different payload sizes).

SCI decoding performance 
A mode-2 UE uses sensing and resource selection procedure to allocate its sidelink transmission resources. As a part of sensing procedure, SCI decoding is needed by a mode-2 UE for extracting the resource reservation information.
In Scheme 1, SCI format 1 is associated with a low coding rate (i.e., with payload size of 60 bits) and SCI format 2 is associated with a high coding rate (i.e., with payload size of 90 or 120 bits). This implies that SCI format 1 is more reliably transmitted than SCI format 2. A receiver UE’s sensing and resource selection performance depends on the SCI format 2 decoding performance. 
In Scheme 2, both SCI format 1 and SCI format 2 are associated with a high coding rate (i.e., with payload size of 90 or 120 bits). This implies low SCI decoding performance and hence inaccurate sensing results. The inaccurate sensing results increases the resource collision probability and reduces the overall system throughput.
In Scheme 3, SCI part 1 (either format 1 or format 2) is associated with a low coding rate (i.e., with payload size of 60 bits). This implies the high SCI part 1 decoding performance. The resource selection procedure is based on the information contained only in SCI part 1. The high SCI part 1 decoding performance implies the accurate sensing results, which reduces the resource collision probability and increases the overall system throughput.
A receiver UE with unicast data reception needs to decode both SCI part 1 and SCI part 2. Its PSSCH data reception depends on its SCI part 1 and SCI part 2 decoding performance. The SCI part 2 decoding performance depends on the number of allocated PSSCH resources for SCI part 2.
We run simulations to compare the SCI (or SCI part 1 in Scheme 3) decoding performance in the above example. Figure 2 shows the BLER performance of SCI decoding, where PSCCH and PSSCH multiplexing option 3 is assumed. A sub-channel has 10 RBs in frequency. The PSCCH occupies 3 symbols in time and 4 consecutive RBs in frequency, i.e., with aggregation level 2. The CDL urban LOS channel model or highway LOS channel model is used in the simulation. Other simulation parameters are provided in Table 1 in Appendix. Note that the blue curves in Figure 2 correspond to the low coding rate, which are for SCI part 1 (either format 1 or format 2) in Scheme 3 and SCI format 1 in Scheme 1. The red and green curves in Figure 2 correspond to the high coding rates, which are for SCI format 2 in Scheme 1 and both SCI formats in Scheme 2. It is observed from the figure that at BLER of , the blue curves outperform the corresponding red curves for about 2.3 dB and outperform the corresponding green curves for about 4 dB.
Observation 2: At aggregation level 2, the SCI part 1 decoding in Scheme 3 (two-stage SCI) has about 2.3 dB or 4 dB performance gain over the SCI decoding in Scheme 2 (two SCI formats with identical payload size), when the SCI payload size is 60 bits for broadcast and 90 or 120 bits for unicast.
Figure 3 shows the BLER performance of SCI decoding, using the same simulation assumptions as for Figure 2, except that the PSCCH occupies 8 consecutive RBs in frequency, i.e., with aggregation level 4. Again, the blue curves in Figure 3 correspond to the low coding rate, which are for SCI part 1 (either format 1 or format 2) in Scheme 3 and SCI format 1 in Scheme 1. The red and green curves correspond to the high coding rates, which are for SCI format 2 in Scheme 1 and both SCI formats in Scheme 2. It is observed from the figure that at BLER of , the blue curves outperform the corresponding red curves for about 1.8 dB and outperform the corresponding green curves for about 3.3 dB. 
Observation 3: At aggregation level 4, the SCI part 1 decoding in Scheme 3 (two-stage SCI) has about 1.8 dB or 3.3 dB performance gain over the SCI decoding in Scheme 2 (two SCI formats with identical payload size), when the SCI payload size is 60 bits for broadcast and 90 or 120 bits for unicast.
As discussed, the information related to sensing is included in SCI part 1 of Scheme 3. Since Scheme 3 has the best SCI part 1 decoding performance, it can be concluded that Scheme 3 provides the best sensing results for Mode 2 UEs, which decreases the collision probability and increases the system throughput.
Observation 4: Scheme 3 (two-stage SCI) provides the best sensing results for Mode 2 UEs.
We also run simulations for SCI part 2 decoding for Scheme 3. Based on the agreed evaluation assumptions, the SCI payload size for unicast is 30 or 60 bits more than the SCI payload size for broadcast. Correspondingly, the SCI part 2 payload size is assumed to be 54 or 84 bits including 24 CRC bits. The other simulation assumptions are included in Table 1 in Appendix.
Figure 4 shows the BLER performance of SCI part 2 decoding for Scheme 3, where SCI part 2 has payload size of 54 bits including 24 CRC bits. Two different PSSCH resource allocation sizes for SCI part 2 have been simulated. In the first case, the SCI part 2 occupies the first symbol after PSCCH over the whole sub-channel. In the second case, the SCI part 2 additionally occupies the second symbol after PSCCH over the first 5 consecutive RBs in frequency. By comparing the dash curves in Figure 4 with the red curves in Figure 3 and comparing the solid curves in in Figure 4 with the red curves in Figure 2, we observe that the decoding performance of SCI part 2 is about 0.3 dB better than the decoding performance of SCI in Scheme 2.  
Figure 5 shows the BLER performance of SCI part 2 decoding for Scheme 3, where SCI part 2 has payload size of 84 bits including 24 CRC bits. Two different PSSCH resource allocation sizes for SCI part 2 have been simulated. In the first case, the SCI part 2 occupies the first symbol after PSCCH over the whole sub-channel, as well as the second symbol after PSCCH over the first 5 consecutive RBs in frequency. In the second case, the SCI part 2 occupies two symbols after PSCCH over the whole sub-channel. By comparing the dash curves in Figure 5 with the green curves in Figure 3 and comparing the solid curves in Figure 5 with the green curves in Figure 2, we observe that the decoding performance of SCI part 2 is much better than the decoding performance of SCI in Scheme 2. 
In summary, the decoding performance of SCI part 2 depends on the number of resources allocated for SCI part 2. 
Observation 5: The decoding performance of SCI part 2 in Scheme 3 (two-stage SCI) depends on the number of resources allocated for SCI part 2.
[image: ]
[bookmark: _Ref4621922]Figure 2: BLER performance of SCI decoding with PSCCH aggregation level = 2.
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[bookmark: _Ref4624240]Figure 3: BLER performance of SCI decoding with PSCCH aggregation level = 4.
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[bookmark: _Ref4660102]Figure 4: BLER performance of SCI part 2 decoding with SCI part 2 payload size = 54 bits.
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[bookmark: _Ref4662237]Figure 5: BLER performance of SCI part 2 decoding with SCI part 2 payload size = 84 bits.

SCI decoding latency of Scheme 3
In PSCCH/PSSCH multiplexing option 3, the PSCCH is expected to be located at the beginning of a slot. Hence, the SCI decoding can be finished before the end of the slot. This does not delay the PSSCH decoding.
In Scheme 3, the SCI part 2 may be piggybacked on PSSCH. However, if the PSSCH time resources to carry SCI part 2 is in the front of a slot, the decoding of SCI part 2 can still be finished before the end of the slot. The fast SCI part 2 decoding is achievable if blind decoding of SCI part 2 is prevented. Hence, Scheme 3 does not result in PSSCH decoding delay, with the proper PSSCH time resources to carry SCI part 2. 
Observation 6: Scheme 3 (two-stage SCI) does not result in PSSCH decoding delay with the proper resource mapping for SCI part 2.
Based on the above analysis, we observe the 2-stage SCI (i.e., Scheme 3) has the SCI decoding performance and decoding complexity advantage, without PSSCH decoding delay. Hence, we have the following proposal:
Proposal 14: NR V2X sidelink should support 2-stage SCI.

Conclusion
In this contribution, we provide our views on multiple aspects of physical layer structures design. Our proposals and observations are as follows: 
Proposal 1: Contiguous resources in frequency domain is only supported for resource pool configuration.
Proposal 2: Use the UL symbols only in cell-specific slot format configuration for sidelink in a shared carrier. 
Proposal 3: Support a common resource pool design for sidelink unicast, groupcast and broadcast. 
Proposal 4: A mechanism to switch DM-RS time density dynamically without BWP switch should be supported for PSSCH.
Proposal 5: A PSSCH DM-RS time density is indicated implicitly or explicitly in the associated SCI.
Proposal 6: Type-1 DM-RS mapping is reused and only supported for PSSCH.
Proposal 7: DM-RS for PSCCH and DM-RS for PSSCH are independently designed.
Proposal 8: PDCCH DM-RS is reused for PSCCH.
Proposal 9: NR Uu CSI-RS and PTRS are baseline for S-CSI-RS and S-PTRS design.
Proposal 10: Confirm Option 3 of PSCCH and PSSCH multiplexing for NR V2X sidelink in condition that the PSCCH symbols could occupy all available symbols in a slot for sidelink.
Proposal 11: The number of PSCCH symbols is a part of resource pool configuration.
Proposal 12: Supports short PSFCH format based on NR PUCCH format 0 with TDM between PSCCH/PSSCH and PSFCH. 
Proposal 13: Supports long PSFCH format based on NR PUCCH format 1 with FDM between PSCCH/PSSCH and PSFCH. 
Proposal 14: NR V2X sidelink should support 2-stage SCI.
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[bookmark: _Ref4622535][bookmark: _Hlk7612516]Table 1: Simulation assumptions for SCI decoding 
	[bookmark: _Hlk4660871]Parameter
	Value

	Carrier frequency
	6 GHz

	Bandwidth
	10 RB

	Channel 
	CDL: Urban LOS (UL), Highway LOS (HL)

	Waveform
	CP-OFDM

	Subcarrier Spacing
	30 kHz for urban, 60 kHz for highway

	CP length
	Normal CP

	Frequency synchronization error
	Not modeled

	Time synchronization error
	Not modeled

	UE absolute speed
	3 km/h for urban, 120 km/h for highway

	UE receiver algorithm
	MMSE

	UE channel estimation
	Realistic

	Number of Tx/Rx antennas
	2 Tx, 2 Rx

	Transmission scheme
	Precoder cycling

	Antenna element pattern
	Omni-directional

	SCI payload (excluding 24 bits CRC)
	36, 66, 96 bits

	Number of symbols for PSCCH
	3

	PSCCH aggregation level
	2, 4

	REG bundling size
	6

	Modulation 
	QPSK

	Channel coding
	Polar code

	Below is for SCI part 2 only

	SCI part 2 payload (excluding 24 bits CRC) 
	30, 60 bits

	PSSCH resource for SCI part 2
	First symbol after PSCCH
Additional second symbol after PSCCH

	PSSCH DM-RS 
	Type 1 DM-RS configuration
2 DM-RS symbols (5th and 10th)

	PSSCH modulation
	QPSK




image1.emf
time

Frequency

UE2->UE7

UE3->UE8

UE1->UE6

UE4->UE9

UE5->UE10

UE11 Broadcast

UE12 Broadcast

UE13 Broadcast

UE14 Broadcast

UE15 Broadcast

Sub-

channel


Microsoft_Visio_Drawing.vsdx


time
Frequency
UE2->UE7
UE3->UE8
UE1->UE6
UE4->UE9
UE5->UE10
UE11 Broadcast
UE12 Broadcast
UE13 Broadcast
UE14 Broadcast
UE15 Broadcast
Slot
Sub-channel



image2.emf
0 5 10 15

SNR (dB)

10

-3

10

-2

10

-1

10

0

B

L

E

R

BLER performance of SCI decoding for PSCCH aggregation level = 2

CDL Urban, SCI payload = 60 bits

CDL Highway, SCI payload = 60 bits
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BLER performance of SCI decoding for PSCCH aggregation level = 4

CDL Urban, SCI payload = 60 bits

CDL Highway, SCI payload = 60 bits

CDL Urban, SCI payload = 90 bits

CDL Highway, SCI payload = 90 bits
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CDL Highway, SCI payload = 120 bits
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BLER performance of SCI part 2 decoding, with SCI part 2 payload size = 54

CDL Urban, 1 Symbol

CDL Highway, 1 Symbol

CDL Urban, 1.5 Symbols

CDL Highway, 1.5 Symbols
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BLER performance of SCI part 2 decoding, with SCI part 2 payload size = 84

CDL Urban, 1.5 Symbols

CDL Highway, 1.5 Symbols

CDL Urban, 2 Symbols

CDL Highway, 2 Symbols


