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Introduction
In RAN1#98 meeting [1] and email discussions [2][3][4], followings are agreed for physical layer structure for Rel-16 NR sidelink: 
	Agreements:
· A slot is the time-domain granularity for resource pool configuration.
· To down-select:
· Alt 1. Slots for a resource pool is (pre-)configured with bitmap, which is applied with periodicity
· Alt 2. Slots for a resource pool is (pre-)configured, where the slots are applied with periodicity.
· FFS: signaling details
· FFS: how to apply the above bitmap signaling, e.g., to all slots or only to a set of slots
· FFS: symbols for sidelink in the slot, how to indicate for the case when not all symbols are for SL

Agreements:
· Support (pre-)configuration of a resource pool consisting of contiguous PRBs only

Agreements:
· For the number of bits of L1 IDs,
· Layer-1 destination ID: 16 bits
· Layer-1 source ID: 8 bits

Agreements:
· 256QAM is supported for SL.
· Support of 256QAM by a UE is FFS between mandatory vs. based on UE capability from the Rx perspective 
· Support of 256QAM is based on UE capability from the Tx perspective
· 64QAM is mandatory

Agreements:
· Three MCS tables supported in Rel-15 NR Uu CP-OFDM are also used for SL. 
· Support of the the low-spectral efficiency 64QAM MCS table is an optional UE feature in SL as in the Uu link
· For each resource pool, at least one MCS table is (pre)-configured
· FFS whether or not to introduce a case where the MCS table can be overwritten by PC5 RRC or indicated in SCI
· Each resource pool is only configured with one 1st stage SCI PSCCH format

Agreements:
· Rel-15 NR PDCCH DMRS pattern is reused for PSCCH DMRS pattern.	
· For frequency-domain pattern for PSCCH DMRS, reuse Rel-15 NR PDCCH DMRS, i.e., comb-4 fixed RE mapping for PSCCH DMRS.
· (Working assumption) For time-domain pattern for PSCCH DMRS, every symbol of PSCCH has PSCCH DMRS REs.
· FFS: how to initialize DMRS sequence generator

Agreements:
· PSCCH for 1st stage SCI with 2 and 3 symbols is supported in Rel-16. 
· FFS: other length(s) of symbols (e.g., all symbols)
· The number of symbols above excludes AGC symbols if any
· The number of PSCCH symbols is explicitly (pre-)configured per Tx/Rx resource pool

Agreements:
· Resource mapping of SL CSI-RS is performed by using one SL CSI-RS pattern in an RB, where the possible patterns in an RB are a subset of NR Uu CSI-RS time-frequency/CDM resource mapping patterns in an RB
· The subset is to be pre-defined by spec 
· FFS how the one pattern is determined (but not part of SCI)
· FFS which subset

Agreements:
· SL CSI-RS is transmitted by a UE only if: 
· when the corresponding PSSCH is transmitted (as agreed before) by the UE, and,
· when SL CQI/RI reporting is enabled by higher layer signaling, and 
· when enabled, if the corresponding SCI by the UE triggers the SL CQI/RI reporting 

Agreements:
· The 2nd stage SCI is carried within the resource of the corresponding PSSCH.
· Scrambling operation for the 2nd stage SCI is applied separately with PSSCH

Agreements:
· Support 1st stage SCI in PSCCH in one subchannel only. 
· Within one subchannel, there is at most one 1st stage SCI, except for spatial re-use
· For RE mapping of the 2nd stage SCI, frequency-first mapping within the PSSCH is used. To down-select:
· Alt 1. The REs for the 2nd SCI are not interlaced with (localized in) PSSCH data RE.
· Alt 1-1. only RBs in the subchannel having the corresponding 1st stage SCI can be possibly used for mapping the 2nd stage SCI
· Alt 1-2. only RBs in the all sub-channels for the scheduled PSSCH can be possibly used for mapping the 2nd stage SCI.
· Alt 2. The REs for the 2nd stage SCI can be interlaced with (distributed in) PSSCH data RE.
· Whether to allow mapping with the same symbol of PSSCH DMRS
· For modulation order of the 2nd stage SCI, to down-select:
· Alt 1. Fixed as QPSK
· Alt 2. Same as PSSCH
· The same PSSCH DM-RS port(s) is used for transmitting the 2nd stage SCI.
· When PSSCH is 2-layer, FFS how to map the 2nd stage SCI modulation symbols to the two layers, to down-select:
· Alt 1: when PSSCH is 2-layer, the same modulation symbol of the 2nd stage SCI is mapped to the two layers
· Alt 2: when PSSCH is 2-layer, different modulation symbols of the 2nd stage SCI are mapped to the two layers
· A combination thereof

Agreements:
· Support {10, 15, 20, 25, 50, 75, 100} PRBs for possible sub-channel size.
· FFS other values (e.g., 4, 5, 6, etc.)
· One value of the above set is (pre)configured for the sub-channel size for the resource pool.
· Size of PSCCH: X
· X ≤ N, where N is the number of PRBs of the subchannel
· X is (pre)-configurable with values FFS, X

Agreements:
· For the agreed sequence-based PSFCH format with one symbol (not including AGC training period),
· 1 PRB is used. 
· Only 1 bit can be carried for the caseof N=1, where N denotes the period of slot having PSFCH resource in a resource pool,
· FFS: for the case of N=2, 4

Agreements:
· For FR2, 
· Sidelink PT-RS RE patterns are the same as Rel-15 NR Uu 
· Support multiple densities in time and frequency domains, as Uu
· The equivalent of PTRS-UplinkConfig giving the bandwidth and MCS thresholds for setting the densities is (pre-)configured per resource pool
· RE offset is determined based on a (pre-)configured resourceElementOffset value
· RB offset is down-selected in RAN1#99.
· Alt 1. Fixed as 0.
· Alt 2. Determined based on L1 destination ID.
· Alt 3. Determined based on L1 source ID.
· Alt 4. Determined based on CRC of PSCCH.
· Association with one or two of the DMRS port(s) is used, down select in RAN1#99 among:
· Alt 1. The number of PT-RS antenna ports is the same as the number of DMRS antenna ports. 
· Alt 2. The number of PT-RS antenna ports and the association between DM-RS port and PT-RS port are (pre)configured.
· Alt 3. One PT-RS port is supported and the PT-RS port is associated with the lowest DMRS port index.
· Sidelink PT-RS are not mapped to 1st stage SCI REs and SL CSI-RS REs.
· Sidelink PTRS symbols are not mapped to PSSCH symbols carrying PSSCH DMRS.
· The Rx UE does not perform blind de-rate matching of 2nd stage SCI REs
· FFS Details

Agreements:
· Support that the lowest PRB of a PSCCH is the same as lowest PRB of the corresponding PSSCH.
· FFS: Also support that the highest PRB of a PSCCH is the same as highest PRB of the corresponding PSSCH




In this contribution, we discuss issues on physical layer structure and physical channel format for NR sidelink including SCI, PSCCH, PSSCH, PSFCH, and measurement RS. In addition, we discuss SL BWP design and resource pool design. 

Discussion
1.1. Physical layer structure
1.1.1. SCI design
Regarding HARQ process related SCI fields and MCS field, bit field size of NR Uu link can be a starting point. The bit field size of HARQ process ID can be determined based on the maximum HARQ RTT considering HARQ feedback timing and preparation time for retransmission scheduling. Considering asynchronous HARQ operation, in our view, Layer-1 source ID, Layer-1 destination ID, HARQ process number, NDI, and RV are needed for suitable HARQ combining regardless of the existence of HARQ feedback and cast type. On the other hand, if a resource pool does not have HARQ feedback, and if SCI schedules resources for both initial transmission and retransmission(s) for blind retransmission, it can be considered that Layer-1 source ID, HARQ process number, NDI, and RV are not present in SCI. Instead, retransmission index could be included in SCI. In those points of views, it can be considered that the existence of Layer-1 source ID, HARQ process number, NDI, and RV in SCI is (pre)configured per resource pool. 
Observation 1: If the number of PSSCH resources indicated by SCI is less than the total number of (re)transmission of a TB, regardless of whether HARQ feedback is enabled or which cast type is associated, SCI needs to include Layer-1 source ID, Layer-1 destination ID, HARQ process number, NDI, and RV fields. 
Observation 2: If the number of PSSCH resources indicated by SCI is the same as the total number of (re)transmission of a TB, SCI does not need to include Layer-1 source ID, Layer-1 destination ID, HARQ process number, NDI, and RV fields.
According to the agreement made in Mode 2 resource allocation, resource allocation field in SCI can indicate at most three PSSCH transmissions for a TB For periodic traffic, SCI can further indicate periodicity of the periodic traffic and the (re-)transmission order. For instance, when SCI indicates three PSSCH resources, the (re)transmission order can indicate which SL resource is used for the current PSSCH transmission. Considering sensing operation, priority field in LTE SCI format 1 can be reused. 
Regarding CSI reporting triggering field, SCI can indicate the existence of  sidelink CSI-RS in the corresponding PSSCH and the position of sidelink CSI-RS to avoid overlapping with PSSCH DMRS. In this case, bit field size for CQI/RI reporting is at least 2 bits for unicast. For broadcast and groupcast, bit field for CQI/RI reporting triggering will not be present in SCI. Regarding antenna ports field, it can be used to indicate rank of PSSCH transmission for unicast, and DMRS port(s) to be used for spatial multiplexing. Considering that up to two antenna ports will be used and MU-MIMO operation is not main target for NR sidelink, the bit field size of antenna ports can be 1 bit to indicate rank of PSSCH transmission. For broadcast and groupcast, since CQI/RI reporting is not supported, it is unclear how TX UE decide the rank of PSSCH dynamically. However, considering sensing operation using PSSCH DMRS-based RSRP, 1st SCI may need to include field to indicate antenna ports for PSSCH regardless of cast types. Next, we do not see the necessity of having DMRS sequence initialization field in SCI. 
Regarding TX-RX distance based HARQ feedback for groupcast option 1, TX UE will provide Zone ID and communication range requirement via SCI to RX UEs.  
Observation 3: Considering MU-MIMO operation is not a main target for NR sidelink, DMRS sequence initialization field may not be needed in SCI, and 1-bit field is used to indicate rank of PSSCH. 
According to the agreement on SCI design, it can be considered that total SCI payload is divided into two parts, and one part is conveyed by PSCCH, and other part is piggybacked on PSSCH. In this case, it is necessary to further investigate which SCI field will be conveyed by PSCCH or other channel(s). According to the conclusion on 2-stage SCI, at least information related to channel sensing is carried on 1st-stage. To be specific, considering sensing operation, UE needs to know time-and-frequency resource location first. Then UE will perform RSRP measurement and compare it with a certain threshold to decide whether this indicated resource is usable or not. In this case, 1st-stage needs to include priority field, antenna ports for PSSCH, and PSSCH DMRS pattern indication field. 
Next, considering motivation of 2-stage SCI, the size and/or contents of 2nd-stage could be dynamically changed. To prevent additional BD complexity, it can be considered that 1st-stage SCI indicate how to decode and interpret 2nd-stage SCI by using 2nd-stage SCI format indicator. In other words, 2nd-stage format indicator can be used to indicate the size of the 2nd-stage SCI, the number of REs for 2nd-stage SCI mapping, and/or coding rate of the 2nd-stage SCI while information about 1st-stage will be (pre)configured. 
Next, depending on the design of physical layer mapping of 2nd-stage, MCS can be used to decide which modulation order will be used and how many REs will be used for 2nd-stage. In Uu link, for UCI on PUSCH, the modulation order and the number of REs for UCI on PUSCH can be determined based on MCS of the PUSCH. In addition, if sidelink PT-RS pattern is dependent on MCS as in NR Uu link, and if the 2nd-stage SCI is rate-matched around REs used for sidelink PT-RS, MCS may need to be present in the 1st-stage SCI. On the other hand, modulation order and physical layer mapping of the 2nd-stage SCI are independent on MCS, it can be considered that MCS is present in the 2nd-stage SCI to reduce the size of the 1st-stage SCI further. Meanwhile, considering forward compatibility, the 1st-stage SCI may need to have reserved bits whose size is (pre)configured per resource pool. 
Proposal 1: 1st-stage includes at least following fields:
· Time-and-frequency resource location
· L1-Priority
· Antenna ports for PSSCH
· 2nd-stage format/size indicator
· DMRS pattern indicator
· Reserved bits
· FFS: MCS and MCS table indicator
In case of broadcast, HARQ feedback will be always disabled, and SCI would include PSSCH resources for initial transmission and retransmission(s). If the number of PSSCH resources indicated by SCI is the same as the total number of (re)transmission of a TB, no SCI field needs to be present in the 2nd-stage. On the other hand, when the number of PSSCH resources indicated by SCI is the smaller than the total number of (re)transmission of a TB, it can be considered that the 2nd-stage includes L1-source ID, HARQ process number, NDI, and RV. 
In a similar manner, for the groupcast or unicast, if the number of PSSCH resources indicated by SCI could be the same or less than the total number of (re)transmission of a TB. In addition, in case of groupcast, TX-RX distance-based HARQ feedback could be enabled by (pre)configuration. In other words, SCI field to indicate Zone ID and/or communication range requirement may or may not be present in the 2nd-stage depending on the (pre)configuration. In case of unicast, CQI/RI reporting triggering field may or may not be present in the 2nd-stage depending on the (pre)configuration. 
Proposal 2: Rel-16 NR sidelink, existence of following SCI fields can be (pre)configured per 2nd-stage SCI format 
· L1-destination ID
· L1-source ID 
· HARQ process-related fields
· HARQ process number
· NDI
· RV
· TX-RX distance-based HARQ feedback-related fields
· Zone ID
· Communication range requirement
· CQI/RI reporting triggering field
· SL HARQ feedback request field
· Groupcast HARQ feedback Option indicator field
· FFS: MCS and MCS table indicator
· Note: In the future release, additional SCI fields can be further introduced for the 2nd-stage SCI. 
Meanwhile, the size variation of 2nd-stage can have impact on UE complexity. To be specific, when the size of 2nd-stage is varying in slot-by-slot, UE needs to be ready to have multiple Polar decoder with different sizes. In NR Uu link, considering UE complexity, the number of DCI format size for a UE is limited in semi-static manner. The total number of different DCI format size is currently 4, and the total number of different DCI format scrambled with C-RNTI is 3. This kind of restriction is called DCI format size budget. In a similar manner, when the possible sizes of 2nd-stage is too large, it may not be feasible for UE implementation. Instead, it would be needed to perform size fitting for 2nd-stage considering UE complexity. In other words, a number of different 2nd-stage candidates could have the same payload size with different contents. 
Observation 4: It can be considered to restrict the number of the size of 2nd-stage considering UE complexity. 
Proposal 3: The number of the sizes of 2nd-stage candidates for a resource pool is up to [4]. 

1.1.2. PSCCH design
1.1.2.1. Physical layer structure for SCI
According to the agreement, the number of RB and symbols of PSCCH resource are (pre)configured per resource pool, and the number of RB of PSCCH would not exceed sub-channel size. 
In this contribution, we provide our link level simulation results for SCI payload size of 60/90/120 bits including 24-bit CRC. In our link-level simulation, it is assumed that carrier frequency of 6GHz, CDL Urban NLOS, UE speed of 140kmph, subcarrier spacing of 30 kHz. Regarding transmission scheme, precoder cycling is used. 
First of all, we compare detection performance of PSCCH mapped on 3 OFDM symbols which is the maximum symbol duration of NR PDCCH across different SCI payload size and different RB allocation. As shown in Figure 1, to achieve BLER of 10-2, when the number of RB for PSCCH is 4 RB, the required SINR needs to be much higher than 10 dB due to the lack of coding gain regardless of the SCI payload size. On the other hand, when the number of RB for PSCCH is 10 RB, the required SINR to achieve BLER of 10-2 is reduced into 2.5dB, 4dB, or 5dB for SCI payload size of 60bits, 90bit, or 120bits, respectively. 
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Figure 1: Detection performance of PSCCH with symbol duration of 3.
According to the evaluation results, when the symbol duration of PSCCH is 3, the number of RB needs to be 10 PRBs, in this case, the sub-channel size needs to be equal to or larger than 10 PRB. To keep the number of REs for PSCCH transmission, when the symbol duration of PSCCH is 2, the number of RB would need to be 15 PRBs. On the other hand, if the sub-channel size is extremely large (e.g. 50, 75, or 100 PRB), if the number of PRBs for PSCCH is too small, the PSD for the PSCCH could be small as well, and it can limit the PSCCH coverage. In another aspect, depending on the channel bandwidth, the number of sub-channels in a resource pool could be extremely small. Considering scheduling flexibility, it would be beneficial to introduce smaller number of sub-channel size. In this point of views, when the sub-channel size is large, the number of PSCCH would need to be large as well. In those points of views, for the size of PSCCH, {5, 10, 15, 25, 50} can be supported. 
Proposal 4: For the number of PRBs for PSCCH, support at least {5, 10, 15, 20, 25, 50}. 
According to the conclusion on 2-stage SCI, since Polar coding used for PDCCH is applied to 2nd-stage, 24-bit CRC will be used for both 1st-stage and 2nd-stage. The 2nd-stage can be mapped across multiple sub-channels depending on PSSCH allocation with smaller symbol duration to minimize impact on latency. To be specific, since UE will start decoding 2nd-stage after the UE finishes decoding 1st-stage to avoid additional BD for 2nd-stage, it is necessary that the 2nd-stage transmission ends before the UE finishes decoding 1st-stage to minimize additional latency. Meanwhile, UE can start decoding 1st CB (code block) of a TB on PSSCH after both 1st-stage and 2nd-stage are successfully decoded. To be specific, the starting time of the 1st CB decoding is shifted from the later timing between the completion time of PSCCH and the end of the last DMRS position to the completion time of 2nd-stage decoding. According to UE PDSCH processing procedure time in NR Uu link, it is assumed that the PDCCH with 2 symbol duration is located at the beginning of a slot, and 5 symbol duration is considered for PDCCH processing time. In case of front-loaded DMRS with single DMRS position, the 1st CB decoding can start at symbol index #7 while the 1st CB decoding can start at symbol index #12 when additional DMRS with the last DMRS in symbol#11. In this case, the starting time of the 1st CB decoding is delayed by 5 symbol duration. That’s why the value of N_1 is increased from 8 to 13 for the SCS of 15 kHz. Therefore, depending on PSCCH structure and SCI transmission, the current PDSCH processing time would not be directly reused for the PSSCH processing time. In other words, additional latency needs to be further considered for the NR sidelink. 
For instance, if the processing time for decoding 1st stage is 5 symbol duration, and if the processing time for decoding 2nd stage is 4 symbol duration, and if PSCCH symbol duration is 3, K=2 is feasible for all the SCS if the end of 2nd-stage transmission is before completion time of the 1st-stage decoding as shown in Figure 2-(a). On the other hand, if the end of the 2nd-stage transmission is after completion time of 1st-stage decoding, the starting time of 1st CB decoding could be delayed further, and K=2 would not be feasible for a certain SCS (e.g. 120kHz) as shown in Figure 2-(b). In other words, larger value of K would be additionally needed, and it will cause throughput degradation due to the increased latency. 
In addition, depending on the symbol duration of PSCCH for 1st-stage, 2-stage SCI can cause additional latency. As shown in Figure 2-(c), if the symbol duration of PSCCH is increased into 6, K=2 would not be feasible for a certain SCS (e.g. 120kHz). To minimize latency impact, it is necessary that the symbol duration of PSCCH for 2-stage SCI is sufficiently small. In our view, at least 3 symbol duration of PSCCH can be supported. 
Observation 5: UE can start decoding of 2nd stage after the later timing between completion time of 1st stage decoding and reception time of 2nd stage. 
Observation 6: To minimize impact on latency, transmission of 2nd-stage ends before completion of decoding the corresponding 1st-stage.
Observation 7: Depending on symbol duration of PSCCH, 2-stage SCI can cause additional latency. 
Proposal 5: 2nd-stage transmission ends within 5 symbols after the end of PSCCH transmission. 
Proposal 6: No additional symbol duration of PSCCH is supported in Rel-16 NR sidelink. 
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Figure 2: Example of processing time for SCI and PSSCH.
According to UCI on PUSCH, the modulation order of HARQ-ACK feedback or CSI feedback follows the modulation order of UL-SCH. Meanwhile, error requirement of HARQ feedback would be more tightened than that of PSCCH, and error requirement of CSI feedback would be compatible with that of PSCCH. In this point of view, for simplicity, it can be considered that the modulation order of 2nd-stage is the same as that of PSSCH. On the other hand, when the modulation order of the 2nd-stage is always fixed into QPSK, the required number of REs needs to be scaled up especially when the modulation order of SL-SCH is high, and it can increase control overhead which can degrade throughput performance. Furthermore, when the 2nd-stage transmission ends after completion time of the 1st-stage decoding due to the increased number of REs for the 2nd-stage transmission, large value of K would be needed. In other words, for a given number of REs, the coding gain would increase as the modulation order increase since the total number of coded bits will increase. 
Observation 8: In NR Uu link, HARQ feedback and CSI feedback use the same modulation order of UL-SCH. Error requirement of HARQ feedback is more tightened and error requirement of CSI feedback is the same compared to the control message. 
Proposal 7: Modulation order of 2nd stage is the same as that of PSSCH.
     In those of points of view, it can be considered that UCI mapping on PUSCH can be a starting point for physical layer mapping for the 2nd-stage transmission. In this case, when the scheduled data rate is high, the number of REs for the 2nd-stage could be decreased. On the other hand, when the scheduled data rate is small, the number of REs for the 2nd-stage could be increased. In other words, the coding rate of the 2nd-stage could be proportional to the data rate of PSSCH. In this case, the coverage of the 2nd-stage transmission will be varying depending on the coverage of PSSCH transmission. Furthermore, the number of REs for the 2nd stage is proportional to the payload size of the 2nd-stage. Meanwhile, the beta offset could be used to adjust the coding rate of the 2nd-stage as in UCI on PUSCH. For instance, depending on the target number of retransmissions of PSSCH, the target BLER of one-shot PSSCH transmission could be different. On the other hand, for a HARQ combining, the target BLER of the 2nd-stage needs to be sufficiently small. The target coverage of SCI/PSSCH and the maximum number of retransmission could be different depending on the service type, QoS. In this case, it can be considered that the beta offset to adjust the number of REs for the 2nd-stage is indicated by SCI. Furthermore, the range of the beta offset indicated by SCI could be different across different service type, QoS, modulation order of PSSCH, and/or the payload size of the 2nd-stage. 
Unlike PUSCH transmission, PSSCH transmission can be overlapped with PSCCH resource, sidelink CSI-RS, and/or PT-RS. Meanwhile, it is necessary to consider the possibility that the existence and the pattern of CSI-RS and/or PT-RS could be known to the RX UE after decoding 2nd-stage. Next, the first symbol for the 2nd stage mapping needs to be carefully defined considering diversity gain and additional latency and AGC symbol. In our view, considering that the first symbol of PSSCH can be potentially used for AGC training, it can be considered that the 2nd-stage SCI is not mapped on the 1st symbol of the corresponding PSSCH transmission. 
Proposal 8: 2nd-stage SCI is not mapped on AGC symbol. 
Proposal 9: At least the number of REs per layer for 2nd stage SCI reuse the number of REs per layer for HARQ feedback on PUSCH with following changes:
· CRC length = 24 bits
· Beta offset is indicated by SCI explicitly or implicitly.
·  is the number of scheduled subcarriers excluding PSCCH, PSSCH DMRS, sidelink PT-RS, and/or AGC symbol. 
· FFS: Reference signaling overhead or actual signaling overhead is considered. 
· Upper limit of the number of REs per layer is (pre)configured per resource pool.
Since 2nd-stage SCI will use PSSCH DMRS for channel estimation, the physical layer mapping of the 2nd-stage SCI needs to consider the PSSCH DMRS position as well. To be specific, if the 2nd-stage SCI can use multiple PSSCH DMRS for channel estimation, it would be beneficial to put the 2nd-stage SCI between two PSSCH DMRS to enhance the channel estimation performance by using the interpolation of two PSSCH DMRS. However, depending on the DMRS pattern in time domain, it can cause additional latency. Moreover, the number of PSSCH DMRS symbol could be dynamically changed based on the SCI indication. Alternatively, when the 2nd-stage SCI can use only one PSSCH DMRS, it can be considered that the 2nd-stage SCI is mapped around the first PSSCH DMRS position. 
Proposal 10: 2nd-stage SCI is mapped around the first PSSCH DMRS position.
For rank 2 PSSCH transmission, it is necessary to define how to map the 2nd-stage SCI transmission across different layers. When the same coded modulation of the 2nd stage SCI is mapped to the two layers, it is expected to achieve repetition gain at the expense of the number of coded bits for the 2nd-stage SCI is halved. On the other hand, when different modulation symbols of the 2nd stage SCI are mapped to the two layers as in SL-SCH, the coding gain would be maximized. For instance, assume that 2nd-stage SCI payload size including 24-bit CRC is 60 bits, and the number of REs for the 2nd-stage SCI transmission is 240 REs. In this case, if different modulation symbols of the 2nd stage SCI are mapped to the two layers as in SL-SCH, the number of coded bits after Polar encoding and rate-matching is 480 bits, and the coding rate will be 0.125. On the other hand, if same coded modulation of the 2nd stage SCI is mapped to the two layers, the number of coded bits after Polar encoding and rate-matching is 240 bits, and the coded bits will be repeated. For this case, the coding rate will be 0.25. In short, the coding rate will be doubled when the same coded modulation of the 2nd stage SCI is mapped to the two layers, and it will result detection performance loss due to the reduced coding gain. In this point of view, when PSSCH is 2-layer, different modulation symbols of the 2nd stage SCI are mapped to the two layers as in SL-SCH mapping.
Proposal 11: For rank 2 PSSCH transmission, coded modulation symbols of the 2nd-stage SCI are mapped in increasing order of first the layer index, and then the sub-carrier index, and then the symbol index. 
It is discussed that the possibility of applying CRC masking of 2nd SCI with Layer-1 source ID to reduce payload size of the 2nd SCI. In this case, a RX UE will perform CRC de-masking with some candidates of Layer-1 source ID before CRC check. However, in case of broadcast or connection-less groupcast, a RX UE may not know all the Layer-1 source IDs to be considered, and it would not be feasible to use Layer-1 source ID for CRC masking of the 2nd SCI. Furthermore, if the number of Layer-1 source ID to be considered for CRC (de-)masking, the false alarm probability of PSCCH could be problematic. 
Observation 9: If Layer-1 source ID is used for CRC masking for 2nd SCI, RX UE needs to know the candidates of CRC masking sequences before CRC check, while it may not know the Layer-1 source ID especially for connection-less groupcast.
Observation 10: Depending on the number of CRC masking sequences, false alarm probability could be significantly high. 
Proposal 12: It is not supported that Layer-1 source ID is scrambled with CRC of 2nd stage.
In this case, the total CRC overhead of 2-stage is larger than that of single-stage SCI. Moreover, since UE needs to successfully decode both 1st-stage and 2nd-stage, the target BLER for 1st-stage and 2nd-stage should be much lower than that of single-stage SCI. For instance, to achieve BLER of 10-2 for SCI, the target BLER for 1st-stage and 2nd-stage could be 5*10-3. 
Regarding PSCCH DMRS design, for simplicity, it can be considered that that of NR PDCCH is reused if the symbol duration of PSCCH is 3. In this case, three REs per RB are used for PSCCH DMRS in every symbol used for PSCCH transmission. 
Proposal 13: Confirm the following working assumption: 
· (Working assumption) For time-domain pattern for PSCCH DMRS, every symbol of PSCCH has PSCCH DMRS REs.
According to the design criteria for PSCCH DMRS sequence generation in LTE, it is taken into account that the sequence randomization between NR Uu link and NR sidelink, multiple PSCCH DMRS can be CDMed for potential collision handling, and all the UEs can decode SCI conveyed on PSCCH at least for sensing operation. Unlike LTE, since NR sidelink uses CP-OFDM only, the DMRS sequence will be pseudo random sequence instead of CAZAK sequence. In this contribution, we compares BLER performance of PSCCH when another PSCCH transmission with the same power or with 6dB-deboosted power is transmitted in the same time-and-frequency resources (i.e. PSCCH resource collision) across different assumption on DMRS sequence selection. First case is that two PSSCH transmissions use the same DMRS sequence while the second case is that two PSSCH transmissions use randomly selected DMRS sequence. In other words, for the second case, two PSSCH transmissions can use different DMRS sequence. For the link-level evaluation, it is assumed that PSCCH transmission is mapped on 15 PRB in 3 symbols with SCS of 60kHz with normal CP, and UE speed is 140kmph. As shown in Figure 3, when the PSCCH DMRS can be randomly selected by the TX UE, the detection performance of PSCCH would not be significantly degraded even though resource collision occurs. On the other hand, when the PSCCH DMRS is always the same for all the UEs, then the error floor is observed, therefore, the BLER of 10-2 is not achievable. 
Observation 11: If PSCCH DMRS sequence is fixed for all the UEs, and if more than one PSCCH transmissions are collided in the same time-and-frequency resources, the detection performance of PSCCH can be significantly degraded.
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[bookmark: _GoBack]Figure 3: Detection performance of PSCCH with resource collision.
In this case, it can be considered to carefully redesign the random seed of the NR PDCCH DMRS sequence. 
Proposal 14: PSCCH DMRS sequence generation is initialized with
· 
·  is (pre)configured per resource pool
·  is randomly selected by TX UE.
In the above formula,  can be used to handle the resource collision between multiple PSCCH transmissions. 
In a similar manner, PSCCH scrambling sequence can be designed considering the sequence randomization between NR Uu link and NR sidelink, and all the UEs can decode SCI conveyed on PSCCH at least for sensing operation.
Proposal 15: PSCCH scrambling sequence generation is initialized with
· 
·  is (pre)configured per resource pool.
· 
Regarding PSCCH transmission scheme, PDCCH transmission scheme can be considered as a starting point. In this case, 1 TX antenna port with transparent diversity scheme can be considered as a baseline. 

1.1.3. PSSCH and PSSCH DMRS design
According to 5G V2X WID, PSSCH transmission with up to two antenna ports is supported. Meanwhile, in the last meeting, it was discussed that the number of TB for a PSSCH. In our view, to support 2 TB for a PSSCH, it is necessary to carefully investigate the impact on SCI design and SFCI design. To be specific, SCI may need to have two set of MCS, NDI, and RV. In this case, SCI payload size could be further increased and it can affect the SCI detection performance. In a similar manner, HARQ feedback payload size would be twice compared to 1 TB case. Especially for the case where a single PSFCH include multiple HARQ feedback for multiple PSCCH/PSSCH, it can make the PSFCH coverage worsened. Meanwhile, this issue was already well discussed in NR Uu link design, and the result is that 1 TB is supported up to 4 layers. Considering NR sidelink supports up to two antenna ports, the benefit of having 2 TB for a PSSCH is unclear. 
Proposal 16: Confirm the following working assumption:
· Working assumption:
· Transmission of 1 TB with up to 2 layers in a PSSCH is supported.
In NR structure, two DMRS types are supported for PDSCH/PUSCH DMRS. DMRS type 1 targets to cover up to roughly 1000ns delay spread (which cause frequency selectivity). Meanwhile, DMRS type 2 targets to support MU-MIMO and more antenna ports (12 APs). However, in NR V2X structure, the number of antenna ports will be limited (e.g. up to 2), and MU-MIMO is not a main target. Thus, for a carrier with a given numerology, there is no clear motivation/benefit to support multiple DM-RS patterns in frequency domain for PSSCH. Meanwhile, considering that PSCCH resource will be confined within PSSCH resource, for PSSCH DMRS pattern in time-domain design, it is necessary to make a decision on the form of PSCCH especially on symbol duration in advance. 
Proposal 17: For NR PSSCH DMRS pattern in frequency domain, NR PDSCH DMRS configuration is (pre)configured per resource pool.
For fast decoding and low latency, DMRS is located in the front symbol (i.e. front-loaded DMRS) in NR structure. In addition, for high speed UE to cope with the high Doppler Effect, additional DMRS can be configured and the position and number of front-loaded and additional DMRS symbols are listed in TS 38.211. In LTE V2X structure, there are 4 DMRS symbols located in one subframe. This DMRS structure of LTE V2X (i.e. 4-V (4 vertical) DMRS structure) already can be configured by using the listed table in NR. As described above, the flexible subcarrier spacing and frequency range (i.e., carrier frequency) should be considered in NR V2X structure. One thing to consider in the sidelink is that the symbol position of the DMRS can be shifted because the first symbol DMRS can be affected by AGC and overlapping with PSCCH resources. 
Proposal 18: PSSCH DMRS is not mapped on the AGC symbol.
Meanwhile, in NR Uu link, PDSCH or PUSCH DMRS pattern in time-domain is determined based on the DMRS pattern table, reference point for first DMRS position, , and . To be specific, for PDSCH or PUSCH mapping type A, the reference point is the beginning of a slot.  is symbol offset from the reference point and it indicates the first DMRS position. 
For PDSCH or PUSCH mapping type A,  is given by higher-layer signaling.  is defined by the symbol duration between starting symbol of a slot and ending symbol of the allocated PDSCH or PUSCH, and it is used to decide the number of DMRS symbols and their positions. 
On the other hand, for PDSCH or PUSCH mapping type B, the reference point is the first symbol of the allocated PDSCH or PUSCH.  is symbol offset from the reference point which is the first symbol of the allocated PDSCH or PUSCH. For mapping type B,  is 0, and  is defined by the symbol duration of the allocated PDSCH or PUSCH. When mapping type and  are derived from time-domain resource assignment in DCI, UE can select one of DMRS pattern in the table. Meanwhile, when the allocated PDSCH with mapping type B is overlapped with the associated PDCCH transmission, the first DMRS position is shifted into the symbol index right after the end of the PDCCH transmission. In addition, in case of PDSCH mapping type B, the supported symbol duration is {2, 4, 7} for normal CP or {2, 4, 6} for extended CP, respectively. On the other hand, for PUSCH mapping type B, there is no restriction on the symbol duration. 
Considering SL resource and Uu link resource in a slot in licensed carrier, the number of symbols available for NR sidelink in a slot can be various. Depending on the slot format, it is possible that SL resources starts from the middle of a slot. In addition, considering PSFCH resource period N, depending on whether a slot contains PSFCH resource or not, the symbol duration of PSSCH can be various as well. In those points of views, PUSCH mapping type B could be a starting point for PSSCH DMRS pattern in time domain. Instead, definition of the reference point, , and  could be modified considering overlapping between PSCCH and PSSCH, and AGC operation. Furthermore, when symbol duration of PSCCH is large, it would be beneficial to support FDM between PSSCH DMRS and PSCCH. 
For instance, the reference point is defined by the second symbol of the allocated PSSCH, and  is defined by the next symbol of the end of PSCCH. Next,  is defined by the symbol duration between the reference point and the end of the allocated PSSCH. In this approach the second DMRS position can be skipped depending on the value of  as shown in Table 1. In this approach, channel estimation accuracy for REs during the PSCCH symbol duration would be degraded due to the extrapolation. Meanwhile, single DMRS position can be supported. 
Table 1: Example of PSSCH DMRS pattern across various PSSCH symbol duration.
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Observation 12: When PSCCH symbol duration is large, it would be beneficial for PSSCH detection performance to have DMRS and/or PT-RS for PSSCH during the PSCCH symbol duration.
Proposal 19: For NR PSSCH DMRS pattern in time domain, NR PUSCH DMRS mapping type B is reused with following changes: 
· Definition of reference point is the next symbol of AGC symbol (i.e. 2nd symbol index of PSSCH resource).
·  is defined as the next symbol of the end of PSCCH transmission.
· Definition of  is the symbol duration from reference point to the end of PSSCH resource.
According to the agreement, DMRS pattern could be dynamically indicated by SCI. The motivation of the dynamic DMRS pattern is mainly to change DMRS density of PSSCH. In this point of view, it can be considered that dmrs-AdditionalPosition or the target DMRS density is indicated by SCI. Considering signaling overhead, candidates of dmrs-AdditionalPosition to be indicated by SCI can be (pre)configured or PC5-RRC configured. In this case, the exact DMRS pattern will be given by dmrs-AdditionalPosition and symbol duration of PSSCH. 
Proposal 20: For NR PSSCH DMRS pattern in time domain, the exact DMRS pattern is determined by dmrs-AdditionalPosition indicated by SCI and the symbol duration of PSSCH resource in a slot.
Considering AGC issue, it would be beneficial to align at least starting symbol of PSSCHs in a given slot. Moreover, further study is needed for the symbol duration of PSSCH (e.g., fixed or variable symbol duration, range of the possible values).
For DMRS sequence design for PSSCH, PDSCH or PUSCH DMRS sequence can be a baseline with consideration of how to handle the case where multiple PSSCH transmissions are fully or partially overlapped in time-and-frequency resources. To be specific, when different DMRS sequences mapped on the same resources are quasi-orthogonal, it would be beneficial for capacity increment. In addition, it is necessary to consider the sequence randomization between NR Uu link and NR sidelink. Since NR sidelink uses CP-OFDM only, the DMRS sequence will be pseudo random sequence, therefore, it can be considered to carefully redesign the random seed of the NR PUSCH DMRS sequence. Considering that the PSSCH DMRS is used for the 2nd-stage SCI decoding as well as SL-SCH decoding, the random seed needs to be independent on the parameters given by the 2nd-stage SCI. 
Proposal 21: PSSCH DMRS sequence generation is initialized with 
· 
·  is derived by 1 bit-LSB of PSCCH CRC.
·  are derived by the next 16 bit-LSB of PSCCH CRC.
In addition, it would be guaranteed that the set of  and  for PSSCH DMRS is not used for  for PUSCH DMRS for sequence randomization between NR Uu link and NR sidelink. 
For scrambling sequence design for PSSCH, PUSCH scrambling sequence can be a baseline with consideration of how to handle the case where multiple PSSCH transmissions are fully or partially overlapped in time-and-frequency resources. Furthermore, according to the agreement, scrambling operation for the 2nd stage SCI is applied separately with SL-SCH. The scrambling sequence for the 2nd-stage SCI needs to be independent on the parameters given by the 2nd-stage SCI while the scrambling sequence for SL-SCH could use the parameters given by the 2nd-stage SCI. For instance, L1-source ID and/or L1-destination ID might be used for the random seed of the scrambling sequence for SL-SCH. However, depending on the cast type and HARQ operation, it is unclear the 2nd-stage SCI always contains L1-source ID and L1-destination ID. In such case, the scrambling sequence for SL-SCH may need to use PSCCH CRC again. Alternatively, it can be considered that different part of PSCCH CRC bits is used for the scrambling sequence for the 2nd-stage SCI and SL-SCH. 
Proposal 22: PSSCH scrambling sequence generation is initialized with 
· 
·  is (pre)configured per resource pool.
·  is derived by 
· 16-bit LSB of PSCCH CRC for the 2nd-stage SCI. 
· 16-bit MSB of PSCCH CRC for SL-SCH. 
Regarding MCS table used for PSSCH transmission, at this moment, at least one MCS table is (pre)-configured, and 256QAM MCS table and low-spectral efficiency 64QAM MCS table would be optional. Meanwhile, pairs of modulation order and coding rate for MCS index 0~19 in 256QAM MCS table are already supported by normal 64QAM MCS table with different MCS index. Similarly, pairs of modulation order and coding rate for MCS index 6~28 in low-spectral efficiency 64QAM MCS table are already supported by normal 64QAM MCS table with different MCS index. In the perspective of UE complexity, even though 256QAM MCS table or low-spectral efficiency 64QAM MCS table is (pre)configured before exchange relevant UE capability, TX UE can transmit PSSCH, and the RX UE can demodulate and decode PSSCH by using the (pre)configured MCS table when the MCS index is selected among the entries supported in normal 64QAM MCS table. In this case, only drawback would be low flexibility on the MCS selection. Alternatively, it can be considered that the MCS table can be overwritten by PC5 RRC. However, in this case, during the PC5 RRC (re)configuration period, TX UE and RX UE may have different understanding on the MCS table selection, and it will cause PSSCH detection performance degradation. To avoid this ambiguity issue, it can be considered that SCI indicates MCS table actually used for PSSCH transmission. 
Proposal 23: When more than on MCS tables are (pre)configured in a resource pool, SCI indicates MCS table actually used for PSSCH transmission.

1.1.4. PSFCH format for SFCI  
The AGC training period is analyzed in RAN4 considering random sequences with CP-OFDM QPSK mapped on 10 PRB. 
If PSFCH format is based on PUCCH format 2, data and DMRS will be FDMed. In this case, it seems that the number of PRB for PSFCH format based on PUCCH format 2 would be at least 10 PRB to have reasonable AGC training period. Since this PSFCH format will not support CDM for multiplexing among multiple PSFCH resources, it can cause PSFCH resource shortage. In other words, some portion of PSSCH will not have PSFCH resource due to the limited resources for PSFCH. 
Observation 13: PSFCH format based on PUCCH format 2 may need to use 10 PRB to have reasonable AGC training period.
Proposal 24: Do not support PSFCH format based on NR PUCCH format 2 in Rel-16 NR sidelink. 
Regarding long-duration PSFCH format, the necessity is unclear in this stage. Considering PSCCH discussion, it can be considered that 60-100 bits are conveyed on PSCCH with 3 symbol duration. On the other hand, payload size for PSFCH is much smaller than that of PSCCH. In this stage, the benefit of having better coverage of PSFCH compared to PSCCH is not clear. In addition, considering half-duplex issue and signaling overhead, it is not preferred to support long-duration of PSFCH transmission. In the perspective of the UE processing time, K=2 would not be feasible for some SCS when long-duration PSFCH format is used as shown in Figure 4. When the large value of K is used, through performance could be degraded due to the latency. 
Proposal 25: Do not support long-duration PSFCH format in Rel-16 NR sidelink. 


Figure 4: Example of UE processing time for long-duration PSFCH format.
Meanwhile, considering the periodicity of PSFCH resource can be set to be more than one slot, in this case, multiple HARQ feedbacks associated with different PSCCH/PSSCH needs to be simultaneously transmitted in the same timing. For simplicity, it can be considered that multiple PSFCHs conveying 1 bit of SL HARQ-ACK are transmitted simultaneously. However, in this case, since the PSD will be reduced due to the power split, the detection performance of each PSFCH transmission could be degraded, and it will result PSFCH coverage reduction. For instance, when the PSFCH resource period N is 4, then the RX UE may need to transmit 4 PSFCHs. If the maximum UE transmit power is P, then the power of each PSFCH will be P/4. Furthermore, if the UE receives more than four PSCCH/PSSCH transmissions from different UEs, then the UE may need to transmit more than four PSFCHs with much smaller TX UE power. In our view, it would be beneficial to limit the number of simultaneous transmissions of PSFCH to guarantee the reasonable detection performance and PSFCH coverage. In those points of views, for a given pair of TX UE and RX UE, the number of simultaneous transmission of PSFCHs could be limited to 2. In this case, for PSFCH resource period N = 2 or 4, 2 bits can be carried in a sequence-based PSFCH format. For instance, for PSFCH resource period N=2, two HARQ-ACK feedbacks for two PSCCH/PSSCH transmission associated with the same PSFCH slot can be carried on the same PSFCH resource. In this case, the RX UE will choose one of PSFCH resources between a PSFCH resource associated with the first PSCCH/PSSCH and a PSFCH resource associated with the second PSCCH/PSSCH. Considering that the RX UE can miss SCI, it can be considered that the PSFCH resource for actual PSFCH transmission is associated with the latest detected PSCCH/PSSCH. 
Proposal 26: For PSFCH resource period N = 2, support a sequence-based PSFCH format with 4 values of m_CS.
· 4 different m_CS are used to indicate {ACK, ACK}, {ACK, NACK}, {NACK, ACK}, {NACK, NACK} 
· PSFCH resource for actual PSFCH transmission is associated with the latest detected PSCCH/PSSCH at the RX UE side.
In case of PSFCH resource period N=4, it can be considered that two PSFCH transmission carrying 2 bits are used to indicate four SL HARQ-ACK feedback states for four PSCCH/PSSCH associated with the same PSFCH slot. For instance, the first PSFCH transmission is used to indicate two SL HARQ-ACK feedbacks for the first and second PSCCH/PSSCH transmissions, and the second PSFCH transmission is used to indicate two SL HARQ-ACK feedbacks for the third and fourth PSCCH/PSSCH transmissions. 
Proposal 27: For PSFCH resource period N = 4, support simultaneous transmission of two PSFCHs
· First PSFCH transmission is used to indicate SL HARQ-ACK feedbacks associated with the first and second slot within the bundling window.
· Second PSFCH transmission is used to indicate SL HARQ-ACK feedbacks associated with the third and fourth slot within the bundling window.
· First PSFCH resource for actual PSFCH transmission is associated with the latest detected PSCCH/PSSCH among the first and second slot within the bundling window at the RX UE side. 
· Second PSFCH resource for actual PSFCH transmission is associated with the latest detected PSCCH/PSSCH among the third and fourth slot within the bundling window at the RX UE side. 
According to the agreement, for groupcast Option 2, CDM and FDM are supported for multiplexing PSFCH resources used by different RX UEs for the same PSSCH transmission. In our understanding, in case of PUCCH format 0, different value of m_0 is used to support CDM between different PUCCH resources, and the value of m_0 is RRC-configured for each PUCCH resource. Considering NR sidelink supports implicit mechanism for PSFCH resource determination, it would be better that the value of m_0 of each PSFCH resource is implicitly determined based on the supportive set of m_0 which can be (pre)configured per resource pool.
Proposal 28: For a sequence-based PSFCH format, 
· Set of m_0 values is (pre)configured in a resource pool.
· The number of PSFCH resources in a RB is same as the size of the set of m_0. 
For sequence design for sequence-based PSFCH format, PUCCH format 0 sequence can be a baseline with consideration of sequence randomization between NR Uu link and NR sidelink and sequence randomization between different PSFCH transmissions associated with different UE. Considering PSFCH collision may happen when both L1-source ID and L1-destination ID are the same among the different UEs, it would be beneficial to use a combination of L1-source ID and L1-destination ID for PSFCH sequence randomization. To be specific, different PSCCH/PSSCH can be partially or fully overlapped in time-and-frequency resources, and these different PSCCH/PSSCH could be distinguished by a UE. In this case, it can be considered that the corresponding PSFCH transmissions are also distinguishable by using different root index or cyclic shift. 
Proposal 29: For PSFCH sequence generation, the formula for NR PUCCH format 0 sequence is reused with following changes:
· The sequence group u is derived considering pucch-GroupHopping equals ‘enabled’
·   is derived by L1-source ID and L1-destination ID
· X bit LSB of L1-destination ID is concatenated to 10-X bit LSB of L1-source ID.
·  is implicitly derived by PSFCH resource index.
· Note that different PSFCH resources have different pair of  and RB index. 

1.1.5. Sidelink CSI-RS design
According to the agreements, sidelink CSI-RS will be transmitted together with PSSCH for unicast, and the physical resources for sidelink CSI-RS will be confined within PSSCH resource in both time and frequency domain. Considering motivation of having sidelink CSI-RS for CQI/RI reporting, the number of antenna ports for sideilnk CSI-RS could be different with that of PSSCH and could be up to two. According to DL CSI-RS in NR Uu link, depending on the configuration for CSI-RS, DL CSI-RS can be mapped on some portion of RBs (e.g. every 2 RB) to reduce overall CSI-RS density. Furthermore, for 2 antenna ports, DL CSI-RS resources for different antenna ports are mapped in CDM manner. 
On sidelink CSI-RS pattern in time-and-frequency domain, since sidelink CSI-RS resource will be confined within a PSSCH resource, the reference point for sidelink CSI-RS position in a slot could be the first symbol of PSSCH transmission. Unlike CSI-RS in NR Uu link, the number of REs for CSI-RS transmission could be smaller especially when the number of allocated RBs for PSSCH transmission is small. In this case, depending on the service type, CSI measurement requirement may not be met due to the lack of sidelink CSI-RS resources. Considering that the minimum number of REs per antenna port for NR DL CSI-RS is 24, when the number of allocated PRB for PSSCH is 10, the sidelink CSI-RS density needs to be further increased. On the other hand, when the number of allocated PRBs for PSSCH is large enough, smaller density of sidelink CSI-RS could be used to minimize signaling overhead. In this case, it can be considered that the sidelink CSI-RS density and pattern is automatically changed based on the number of allocated PRBs or sub-channels for PSSCH transmission. In addition, it is necessary to ensure that the sidelink CSI-RS is not overlapped with REs used for PSSCH DMRS. In a shared carrier, the symbol duration of PSSCH could be changed slot-by-slot, then the PSSCH DMRS pattern in time domain would be also changed. For some cases, it would be possible that the last symbol index of PSSCH is used for PSSCH DMRS.  In those points of views, CSI-RS pattern could be dynamically indicated by SCI. 
Observation 14: Depending on a service type or sidelink CSI requirement, it would be beneficial to have higher density of CSI-RS resources compared to NR Uu link. 
Observation 15: Depending on the number of allocated PRBs for PSSCH transmission, different sidelink CSI-RS density per RB could be considered. 
Proposal 30: The time domain location of CSI-RS resource is provided by (pre)configuration and defined relative to the start of PSSCH resource in time domain.
Proposal 31: Support SCI indication of CSI-RS pattern considering the number of allocated PRBs for PSSCH, MCS, TX UE speed, and/or PSSCH DMRS pattern.
· CSI-RS pattern candidates are (pre)configured per resource pool [or PC5-RRC configured].
For sidelink CSI-RS sequence design, NR DL CSI-RS sequence can be a baseline with consideration of how to handle the case where multiple PSSCH transmissions are fully or partially overlapped in time-and-frequency resources. To be specific, different CSI-RS sequences could be collided, or CSI-RS and PSSCH could be collided. In addition, it is necessary to consider the sequence randomization between NR Uu link and NR sidelink. Meanwhile, even though CSI-RS reporting is enabled, if asynchronous HARQ operation is not used, L1-source ID and L1-destination ID may not be present in SCI. In this case, it can be considered to use PSCCH CRC for randomization. 
Proposal 32: Sidelink CSI-RS sequence generation is initialized with 
· 
· The values of  is derived by 10-bit LSB of PSCCH CRC .

1.1.6. Sidelink PT-RS design
Regarding physical layer mapping for sidelink PT-RS, it is necessary to consider how to handle collision with PSSCH DMRS, sidelink CSI-RS, and the associated PSCCH resources. In addition, it is necessary to change how to configure RB offset of PT-RS and antenna port(s) used for the PT-RS. Regarding the RB offset, it can be used to avoid PT-RS collisions among different UEs. Since PT-RS will be used for channel estimation for PSSCH decoding, it would be better to handle the PT-RS collisions for NR sidelink. Regarding the number of antenna ports for PT-RS transmission, NR Uu link supports up to 2 antenna ports, and it is assumed that different PT-RS antenna ports are associated with different panel. Even though NR sidelink supports up to two antenna ports for PSSCH transmission, depending on the design of panel in FR2, it is still possible that two antenna ports for PT-RS is used. On the DMRS-PT-RS association, in NR Uu link, PUSCH antenna port 1000 and 1002 in indicated TPMI share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI share PT-RS port 1. Since PSSCH support up to two antenna ports, for simplicity, it can be considered that PT-RS port 0 is associated with the first antenna port of PSSCH while PT-RS port 1 is associated with the second antenna port of PSSCH. 
Proposal 33: For NR sidelink PT-RS, NR UL PT-RS with CP-OFDM is reused with following changes:
· Time domain locations are within the OFDM symbols allocated for the PSSCH transmission
· Resource element is not used for PSSCH DMRS, sidelink CSI-RS, the associated PSCCH, and AGC symbol.
· For physical layer mapping 2nd-stage SCI transmission,
· The 2nd-stage SCI transmission is rate-matched around REs for all the possible sidelink PT-RS if MCS is not present in the 1st-stage SCI
· The 2nd-stage SCI transmission is rate-matched around REs for the actual PT-RS transmission if MCS is present in the 1st-stage SCI.
· For RB offset determination,  n_RNTI term is replaced with 2 bits-LSB of PSCCH CRC. 
· Support up to two antenna ports for PT-RS
· The number of antenna ports for PT-RS is (pre)configured in a resource pool. 
· 1st PT-RS port is associated with 1st PSSCH DMRS port.
· 2nd PT-RS port is associated with 2nd PSSCH DMRS port. 

1.1.7. Bandwidth part 
In RAN1 AdHoc 1901 meeting, it was agreed that configuration for SL BWP is separated from Uu BWP configuration signaling. Furthermore, one remaining issue is the relation between SL and active/initial Uu BWP. Considering dynamic active BWP switching in NR Uu link, depending on UE capability, the switching delay of roughly 1 ms or 3ms is assumed for BWP switching. Meanwhile, UE may needs to operate in both active Uu BWP and SL BWP. In this case, the switching delay between active Uu BWP and SL BWP is not desirable considering latency requirement of Uu/SL services/applications and Uu/SL resource utilization. To be specific, on Uu/SL resource utilization, UE does not receive/transmit any signals during the transient time for BWP switching. In this case, frequent BWP switching will make resource utilization inefficient. 
To avoid these switching delay, first of all, it is assumed that the numerology of configured SL BWP is the same as that of active UL BWP in the same carrier at a given time. Next, it can be further considered that RF retuning is not needed to switch between active UL BWP and configured SL BWP. In other words, it can be considered that UE’s RF setting covers both active UL BWP and configured SL BWP. In this case, even though SL BWP and active UL BWP have different center frequency of BWP and BWP size, UE may not apply the switching delay. 
     Regarding active DL BWP, for paired spectrum, it can be taken into account that separate RF chains between active DL BWP and configured SL BWP as in LTE V2X. On the other hand, for unpaired spectrum, it can be assumed that UE’s RF setting covers both active DL BWP and configured SL BWP together with active UL BWP. Note that, in NR Uu link, for unpaired spectrum, UE expects that the center frequency of active DL BWP is aligned with that of active UL BWP. 
In NR Uu link, initial BWP and other configured BWP can be configured with different numerologies. Especially, since initial DL BWP does not support SCS of 60 kHz, if we always assume that both initial BWP and other configured BWP always have the same numerologies, extended CP cannot be used anymore. In that point of view, it is not desirable to restrict the same numerology setting between initial Uu BWP and active Uu BWP(s). Meanwhile, UE may operate in initial DL BWP to monitor broadcast messages, and operate in initial UL BWP to perform RACH procedure. In addition, if default BWP is not configured, UE may switch initial DL/UL BWP if bwp-inactivityTimer expires for power saving. In our view, network can configure default BWP to ensure that there is no switching delay between the default BWP and configured SL BWP. In those points of views, rather than handling issues related to switching between initial Uu BWP and SL BWP, it can be considered that UE expects that the configured SL BWP is deactivated if initial Uu BWP has different numerology with SL BWP and if the initial Uu BWP is active. In this case, UE can (re)start operating in SL BWP after switching to active Uu BWP of which numerology is the same as that of SL BWP. 
Even for the Uu BWP other than initial Uu BWP, it would be possible to have different numerology from that of SL BWP. For instance, considering latency requirement, the SCS of Uu BWP can be configured to be high to have small symbol/slot duration. On the other hand, for coverage extension, it can be considered that lower SCS is configured for Uu BWP. In this case, in a similar manner of switching between SL BWP and initial Uu BWP, it can be considered that UE expects that the configured SL BWP is deactivated if active Uu BWP has different numerology with SL BWP.
Proposal 34: UE is not expected to have switching latency between SL BWP and active Uu BWP(s) in the same carrier at a given time.
Observation 16: It is not desirable to restrict the same numerology setting between initial Uu BWP and active Uu BWP(s).
Observation 17: It is not desirable to restrict that numerologies of all the configured Uu BWP are always the same as that of SL BWP. 
Proposal 35: UE assumes that SL TX/RX operation is deactivated when it switches to Uu BWP of which numerology is different from SL BWP.
Since only one SL BWP is configured in a carrier for NR V2X UE, in our view, the information of SL BWP does need to be informed by PSBCH. Instead, (pre)configuration can indicate starting RB and length of SL BWP in terms of ARFCN (absolute radio frequency channel number) and the offset with respect to the indicated ARFCN. Meanwhile, since SL-SSB will be confined within SL BWP, it can be considered that the starting RB of SL-SSB is (pre)configured in terms of the offset with respect to the lowest RB of SL BWP to efficiently reduce signaling overhead. 

1.1.8. Resource pool
Regarding resource pool, at least UL symbols configured by cell-specific higher layer signaling in NR Uu can be used for NR SL. Further discussion is needed whether to use flexible symbols for NR SL considering the dynamic nature of the usage for flexible symbols in NR Uu. Meanwhile, to support the case where a subset of symbols of a slot is available for NR sidelink, signaling overhead could be large compared to the case where all the symbols in a slot is available for NR sidelink. Furthermore, considering PSBCH may provide slot structure or SL resources in time domain, large signaling overhead can limit the PSBCH coverage as well. In addition, when the symbol duration of SL resources in a slot, it may need to have specification impact such as physical layer mapping of SL channels such as sidelink SSB, PSCCH, PSSCH. For instance, if the symbol duration of PSCCH or SSB can be different slot-by-slot, its coverage will be dynamically changed as well. In addition, multiple SL channels with different symbol durations are FDMed, it may cause additional AGC processing at RX UE side. Furthermore, it is unclear how to perform the CBR/sensing operation when the SL resource duration is dynamically changed. In those of points of views, it can be considered to prioritize the case where all the symbols in a slot are available for NR sidelink in Rel-16. Alternatively, it can be considered that the symbol duration of PSSCH is (pre)configured per slot within a period in a resource pool. In this case, measurement for CBR/sensing operation could be normalized with consideration of the symbol duration of PSSCH transmission. It would be also beneficial for the forward-compatible. To be specific, the resources not used for any SL channel in Rel-16 can be used in the future release. 
Observation 18: Flexible duration of SL resources in a slot would have impact on CBR/sensing operation, large specification work load, PSCCH or SSB coverage imbalance. In addition, UE may need to perform additional AGC operation in the middle of a slot. 
Proposal 36: In shared licensed carrier, the slots for NR SL transmission are (pre-)configured by a cell specific higher layer signaling. 
Proposal 37: Following information is included in the SL resource pool configuration.
· TDD configuration
· It is derived by tdd-UL-DLConfigurationCommon or given by PSBCH
· SL slot bitmap
· Bitmap is applied to potential SL slots indicated by TDD configuration
· SL slot configuration
· Every SL slot contains the same number and locations of symbols.
· Only consecutive SL symbols are supported.Symbols available for SL in a slot is (pre)configured per resource pool.
On the sub-channel size, it would be better to introduce smaller number of PRBs especially for the narrowband operation. To be specific, according to TS38.101, there is a case where the number of PRBs within a channel bandwidth is 11, 18, or 24. For instance, for SCS of 30 kHz, when the channel bandwidth is 5MHz, the number of PRB will be 11. In those cases, at this moment, considering the minimum sub-channel size is 10 PRB, there is only one sub-channels within a resource pool. In this case, if smaller sub-channel size (e.g. 5 PRB) is supported, scheduling flexibility could be further enhanced even for those cases. In this sense, we propose to additionally introduce sub-channel size of 5 PRB at least for the case where the number of PRBs within a channel bandwidth is less than 50. 
Proposal 38: Additionally support sub-channel size of 5 PRB. 

1.1.9. AGC and switching period consideration
It is necessary to investigate how to minimize performance degradation on PSSCH decoding due to puncturing AGC symbol(s). To be specific, PSSCH decoding performance could be further optimized depending on which part of coded bits of a TB is mapped on AGC symbol(s) to be punctured. First of all, considering LDPC coding, it would be beneficial that the systematic bits of each code block of a TB is not punctured. Next, depending on the TB size, all the coded bits of a certain code block of a TB could be mapped on AGC symbol(s) as shown in Figure 5. 


Figure 5: Example of physical layer mapping of multiple CB of a TB on PSSCH.
In this case, when RX UE does not use AGC symbol(s) for demodulation, the RX UE shall fail to decode the code block of a TB associated with AGC symbol(s), and it cause PSSCH decoding failure even through the UE successes to decode other code blocks. In that point of view, it would be necessary to avoid the case where AGC symbol(s) contains large portion of coded bits of a certain set of code block(s) of a TB. For simplicity, it can be considered that AGC training symbol is mapped on AGC period. However, depending on the scenario, it is not always needed that RX UE performs AGC. In this case, it can be considered that some portion of each coded code block of a TB is mapped on AGC symbol(s). Alternatively, it can be considered that bit/symbol interleaving across multiple CBs of a TB is applied before physical layer mapping. To be specific, the interleaver can ensure that some portion of coded bits of all the CB can be mapped on symbols after AGC training period as shown in Figure 6.


Figure 6: Example of physical layer mapping of multiple CB of a TB on PSSCH with interleaving.
Observation 19: In the perspective of LDPC decoding performance, it would be beneficial that the systematic bits of a TB is not mapped on AGC symbol.
Observation 20: When TB size is large, it is not preferred that all the coded bits of a certain code block is punctured due to AGC operation. 
Proposal 39: For physical resource mapping of a TB conveyed on PSSCH, down-select one of followings:
· Alt 1: Part of PSSCH symbol is repeatedly mapped on the AGC symbol.
· Alt 2: Coded modulation symbols are interleaved before physical layer mapping. 
· Alt 3: For PSSCH, time first mapping is supported.

1.1.10. TBS determination
In NR Uu link, since the symbol duration of PDSCH/PUSCH can be dynamically changed, it is supported that formula-based TB size determination. In this case, one of the design principles is ensuring to enable the same TBS between initial transmission and re-transmission with the same/different number of PRBs or the same/different number of symbols in some cases. In this case, UE can derive TBS even though the UE successfully decode only DCI scheduling retransmission. Regarding the formula for TBS determination, the intermediate information bit size is derived by the coding rate and modulation order given by MCS, the number of layer, the reference number of REs per RB for data mapping, and the number of PRBs. When the number of REs per RB is counted, the symbol duration of PDSCH or PUSCH, and DMRS overhead are considered. In addition, remaining overhead is treated by a single RRC configured parameter. In other words, even though PDSCH resource can be partially overlapped with other channels such as PDCCH, SSB, CSI-RS, or PT-RS, these overheads are not directly considered since these channels would not be always overlapped with PDSCH. Similarly, resources for UCI mapping on PUSCH does not considered for TBS determination for PUSCH. 
On the other hand, considering PSCCH/PSSCH multiplexing Option 3, PSSCH resource will be always overlapped with PSCCH resources. In addition, PSSCH resource may include AGC symbol and TX-RX switching symbol. In this case, if these overheads are not considered for TBS determination for NR sidelink, the derived TBS would be overestimated. Alternatively, it can be considered that TX UE intentionally decrease MCS value. However, in this case, higher MCS would not be used frequently. 
Moreover, the symbol duration of PSSCH can be changed, but it will not be controlled by SCI. To be specific, depending on PSFCH resource period, some slots will contains PSFCH resources, and other slots will not contains PSFCH resources. In a licensed carrier, when UL and SL can be TDMed in a slot, the symbol duration of PSSCH can be changed depending on the number of symbols available for NR sidelink in a slot. Since initial transmission and retransmission could have different symbol duration of PSSCH, it would be necessary to define reference number of RE which is independent on the actual symbol duration of PSSCH to ensure to enable the same TBS between initial transmission and retransmission. For instance, the smallest symbol duration of PSSCH transmission in a resource pool could be used for TBS determination. 
Observation 21: In NR sidelink resource, AGC symbol and TX-RX switching symbol needs to be excluded for TBS determination. 
Proposal 40: For TBS determination, following procedure is performed
· The UE shall first determine the number of REs within the slot
· A UE first determines the number of REs allocated for PSSCH within a PRB by N’_RE=N_SC*N_symb-N_DRMS, 
· N_sc=12 is the number of subcarriers in a PRB. 
· N_symb is the (pre)configured value or predefined value (e.g. 12 for normal CP and 10 for extended CP) excluding AGC symbol and TX-RX switching period.
· n_DMRS is the number of REs for DMRS per PRB in the scheduled duration including the overhead of the DMRS CDM groups without data, as indicated by SCI. 
· N_RE = N’_RE*n_PRB – N_PSCCH-N_2ndSCI, 
· N_PSCCH is the number of REs for the corresponding PSCCH.
· N_2ndSCI is the number of REs for the corresponding 2nd-SCI. 
· Intermediate number of information bits (N_info) is obtained by N_info = N_RE*R*Q_m*v.

Conclusions
In this contribution, some aspects of physical layer structure for NR V2X sidelink was discussed. Based on the above discussion, our proposals and observations are summarized as follows:
Observation 1: If the number of PSSCH resources indicated by SCI is less than the total number of (re)transmission of a TB, regardless of whether HARQ feedback is enabled or which cast type is associated, SCI needs to include Layer-1 source ID, Layer-1 destination ID, HARQ process number, NDI, and RV fields. 
Observation 2: If the number of PSSCH resources indicated by SCI is the same as the total number of (re)transmission of a TB, SCI does not need to include Layer-1 source ID, Layer-1 destination ID, HARQ process number, NDI, and RV fields.
Observation 3: Considering MU-MIMO operation is not a main target for NR sidelink, DMRS sequence initialization field may not be needed in SCI, and 1-bit field is used to indicate rank of PSSCH. 
Observation 4: It can be considered to restrict the number of the size of 2nd-stage considering UE complexity. 
Observation 5: UE can start decoding of 2nd stage after the later timing between completion time of 1st stage decoding and reception time of 2nd stage. 
Observation 6: To minimize impact on latency, transmission of 2nd-stage ends before completion of decoding the corresponding 1st-stage.
Observation 7: Depending on symbol duration of PSCCH, 2-stage SCI can cause additional latency. 
Observation 8: In NR Uu link, HARQ feedback and CSI feedback use the same modulation order of UL-SCH. Error requirement of HARQ feedback is more tightened and error requirement of CSI feedback is the same compared to the control message. 
Observation 9: If Layer-1 source ID is used for CRC masking for 2nd SCI, RX UE needs to know the candidates of CRC masking sequences before CRC check, while it may not know the Layer-1 source ID especially for connection-less groupcast.
Observation 10: Depending on the number of CRC masking sequences, false alarm probability could be significantly high. 
Observation 11: If PSCCH DMRS sequence is fixed for all the UEs, and if more than one PSCCH transmissions are collided in the same time-and-frequency resources, the detection performance of PSCCH can be significantly degraded.
Observation 12: When PSCCH symbol duration is large, it would be beneficial for PSSCH detection performance to have DMRS and/or PT-RS for PSSCH during the PSCCH symbol duration.
Observation 13: PSFCH format based on PUCCH format 2 may need to use 10 PRB to have reasonable AGC training period.
Observation 14: Depending on a service type or sidelink CSI requirement, it would be beneficial to have higher density of CSI-RS resources compared to NR Uu link. 
Observation 15: Depending on the number of allocated PRBs for PSSCH transmission, different sidelink CSI-RS density per RB could be considered. 
Observation 16: It is not desirable to restrict the same numerology setting between initial Uu BWP and active Uu BWP(s).
Observation 17: It is not desirable to restrict that numerologies of all the configured Uu BWP are always the same as that of SL BWP. 
Observation 18: Flexible duration of SL resources in a slot would have impact on CBR/sensing operation, large specification work load, PSCCH or SSB coverage imbalance. In addition, UE may need to perform additional AGC operation in the middle of a slot. 
Observation 19: In the perspective of LDPC decoding performance, it would be beneficial that the systematic bits of a TB is not mapped on AGC symbol.
Observation 20: When TB size is large, it is not preferred that all the coded bits of a certain code block is punctured due to AGC operation. 
Observation 21: In NR sidelink resource, AGC symbol and TX-RX switching symbol needs to be excluded for TBS determination. 

Proposal 1: 1st-stage includes at least following fields:
· Time-and-frequency resource location
· L1-Priority
· Antenna ports for PSSCH
· 2nd-stage format/size indicator
· DMRS pattern indicator
· Reserved bits
· FFS: MCS and MCS table indicator
Proposal 2: Rel-16 NR sidelink, existence of following SCI fields can be (pre)configured per 2nd-stage SCI format 
· L1-destination ID
· L1-source ID 
· HARQ process-related fields
· HARQ process number
· NDI
· RV
· TX-RX distance-based HARQ feedback-related fields
· Zone ID
· Communication range requirement
· CQI/RI reporting triggering field
· SL HARQ feedback request field
· Groupcast HARQ feedback Option indicator field
· FFS: MCS and MCS table indicator
· Note: In the future release, additional SCI fields can be further introduced for the 2nd-stage SCI. 
Proposal 3: The number of the sizes of 2nd-stage candidates for a resource pool is up to [4]. 
Proposal 4: For the number of PRBs for PSCCH, support at least {5, 10, 15, 20, 25, 50}. 
Proposal 5: 2nd-stage transmission ends within 5 symbols after the end of PSCCH transmission. 
Proposal 6: No additional symbol duration of PSCCH is supported in Rel-16 NR sidelink. 
Proposal 7: Modulation order of 2nd stage is the same as that of PSSCH.
Proposal 8: 2nd-stage SCI is not mapped on AGC symbol. 
Proposal 9: At least the number of REs per layer for 2nd stage SCI reuse the number of REs per layer for HARQ feedback on PUSCH with following changes:
· CRC length = 24 bits
· Beta offset is indicated by SCI explicitly or implicitly.
·  is the number of scheduled subcarriers excluding PSCCH, PSSCH DMRS, sidelink PT-RS, and/or AGC symbol. 
· FFS: Reference signaling overhead or actual signaling overhead is considered. 
· Upper limit of the number of REs per layer is (pre)configured per resource pool.
Proposal 10: 2nd-stage SCI is mapped around the first PSSCH DMRS position.
Proposal 11: For rank 2 PSSCH transmission, coded modulation symbols of the 2nd-stage SCI are mapped in increasing order of first the layer index, and then the sub-carrier index, and then the symbol index. 
Proposal 12: It is not supported that Layer-1 source ID is scrambled with CRC of 2nd stage.
Proposal 13: Confirm the following working assumption: 
· (Working assumption) For time-domain pattern for PSCCH DMRS, every symbol of PSCCH has PSCCH DMRS REs.
Proposal 14: PSCCH DMRS sequence generation is initialized with
· 
·  is (pre)configured per resource pool
·  is randomly selected by TX UE.
Proposal 15: PSCCH scrambling sequence generation is initialized with
· 
·  is (pre)configured per resource pool.
· 
Proposal 16: Confirm the following working assumption:
· Working assumption:
· Transmission of 1 TB with up to 2 layers in a PSSCH is supported.
Proposal 17: For NR PSSCH DMRS pattern in frequency domain, NR PDSCH DMRS configuration is (pre)configured per resource pool.
Proposal 18: PSSCH DMRS is not mapped on the AGC symbol.
Proposal 19: For NR PSSCH DMRS pattern in time domain, NR PUSCH DMRS mapping type B is reused with following changes: 
· Definition of reference point is the next symbol of AGC symbol (i.e. 2nd symbol index of PSSCH resource).
·  is defined as the next symbol of the end of PSCCH transmission.
· Definition of  is the symbol duration from reference point to the end of PSSCH resource.
Proposal 20: For NR PSSCH DMRS pattern in time domain, the exact DMRS pattern is determined by dmrs-AdditionalPosition indicated by SCI and the symbol duration of PSSCH resource in a slot.
Proposal 21: PSSCH DMRS sequence generation is initialized with 
· 
·  is derived by 1 bit-LSB of PSCCH CRC.
·  are derived by the next 16 bit-LSB of PSCCH CRC.
Proposal 22: PSSCH scrambling sequence generation is initialized with 
· 
·  is (pre)configured per resource pool.
·  is derived by 
· 16-bit LSB of PSCCH CRC for the 2nd-stage SCI. 
· 16-bit MSB of PSCCH CRC for SL-SCH. 
Proposal 23: When more than on MCS tables are (pre)configured in a resource pool, SCI indicates MCS table actually used for PSSCH transmission.
Proposal 24: Do not support PSFCH format based on NR PUCCH format 2 in Rel-16 NR sidelink. 
Proposal 25: Do not support long-duration PSFCH format in Rel-16 NR sidelink. 
Proposal 26: For PSFCH resource period N = 2, support a sequence-based PSFCH format with 4 values of m_CS.
· 4 different m_CS are used to indicate {ACK, ACK}, {ACK, NACK}, {NACK, ACK}, {NACK, NACK} 
· PSFCH resource for actual PSFCH transmission is associated with the latest detected PSCCH/PSSCH at the RX UE side.
Proposal 27: For PSFCH resource period N = 4, support simultaneous transmission of two PSFCHs
· First PSFCH transmission is used to indicate SL HARQ-ACK feedbacks associated with the first and second slot within the bundling window.
· Second PSFCH transmission is used to indicate SL HARQ-ACK feedbacks associated with the third and fourth slot within the bundling window.
· First PSFCH resource for actual PSFCH transmission is associated with the latest detected PSCCH/PSSCH among the first and second slot within the bundling window at the RX UE side. 
· Second PSFCH resource for actual PSFCH transmission is associated with the latest detected PSCCH/PSSCH among the third and fourth slot within the bundling window at the RX UE side. 
Proposal 28: For a sequence-based PSFCH format, 
· Set of m_0 values is (pre)configured in a resource pool.
· The number of PSFCH resources in a RB is same as the size of the set of m_0. 
Proposal 29: For PSFCH sequence generation, the formula for NR PUCCH format 0 sequence is reused with following changes:
· The sequence group u is derived considering pucch-GroupHopping equals ‘enabled’
·   is derived by L1-source ID and L1-destination ID
· X bit LSB of L1-destination ID is concatenated to 10-X bit LSB of L1-source ID.
·  is implicitly derived by PSFCH resource index.
· Note that different PSFCH resources have different pair of  and RB index. 
Proposal 30: The time domain location of CSI-RS resource is provided by (pre)configuration and defined relative to the start of PSSCH resource in time domain.
Proposal 31: Support SCI indication of CSI-RS pattern considering the number of allocated PRBs for PSSCH, MCS, TX UE speed, and/or PSSCH DMRS pattern.
· CSI-RS pattern candidates are (pre)configured per resource pool [or PC5-RRC configured].
Proposal 32: Sidelink CSI-RS sequence generation is initialized with 
· 
· The values of  is derived by 10-bit LSB of PSCCH CRC .
Proposal 33: For NR sidelink PT-RS, NR UL PT-RS with CP-OFDM is reused with following changes:
· Time domain locations are within the OFDM symbols allocated for the PSSCH transmission
· Resource element is not used for PSSCH DMRS, sidelink CSI-RS, the associated PSCCH, and AGC symbol.
· For physical layer mapping 2nd-stage SCI transmission,
· The 2nd-stage SCI transmission is rate-matched around REs for all the possible sidelink PT-RS if MCS is not present in the 1st-stage SCI
· The 2nd-stage SCI transmission is rate-matched around REs for the actual PT-RS transmission if MCS is present in the 1st-stage SCI.
· For RB offset determination,  n_RNTI term is replaced with 2 bits-LSB of PSCCH CRC. 
· Support up to two antenna ports for PT-RS
· The number of antenna ports for PT-RS is (pre)configured in a resource pool. 
· 1st PT-RS port is associated with 1st PSSCH DMRS port.
· 2nd PT-RS port is associated with 2nd PSSCH DMRS port. 
Proposal 34: UE is not expected to have switching latency between SL BWP and active Uu BWP(s) in the same carrier at a given time.
Proposal 35: UE assumes that SL TX/RX operation is deactivated when it switches to Uu BWP of which numerology is different from SL BWP.
Proposal 36: In shared licensed carrier, the slots for NR SL transmission are (pre-)configured by a cell specific higher layer signaling. 
Proposal 37: Following information is included in the SL resource pool configuration.
· TDD configuration
· It is derived by tdd-UL-DLConfigurationCommon or given by PSBCH
· SL slot bitmap
· Bitmap is applied to potential SL slots indicated by TDD configuration
· SL slot configuration
· Every SL slot contains the same number and locations of symbols.
· Only consecutive SL symbols are supported.Symbols available for SL in a slot is (pre)configured per resource pool.
Proposal 38: Additionally support sub-channel size of 5 PRB. 
Proposal 39: For physical resource mapping of a TB conveyed on PSSCH, down-select one of followings:
· Alt 1: Part of PSSCH symbol is repeatedly mapped on the AGC symbol.
· Alt 2: Coded modulation symbols are interleaved before physical layer mapping. 
· Alt 3: For PSSCH, time first mapping is supported.
Proposal 40: For TBS determination, following procedure is performed
· The UE shall first determine the number of REs within the slot
· A UE first determines the number of REs allocated for PSSCH within a PRB by N’_RE=N_SC*N_symb-N_DRMS, 
· N_sc=12 is the number of subcarriers in a PRB. 
· N_symb is the (pre)configured value or predefined value (e.g. 12 for normal CP and 10 for extended CP) excluding AGC symbol and TX-RX switching period.
· n_DMRS is the number of REs for DMRS per PRB in the scheduled duration including the overhead of the DMRS CDM groups without data, as indicated by SCI. 
· N_RE = N’_RE*n_PRB – N_PSCCH-N_2ndSCI, 
· N_PSCCH is the number of REs for the corresponding PSCCH.
· N_2ndSCI is the number of REs for the corresponding 2nd-SCI. 
· Intermediate number of information bits (N_info) is obtained by N_info = N_RE*R*Q_m*v.
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