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Introduction
In RAN1#100bis E-meeting [1], followings are agreed for physical layer structure for NR sidelink:
	Agreements:
· For 2nd SCI overhead in the TBS determination, the actual number of REs occupied by the 2nd SCI is used.
Agreements:
· For PSFCH overhead in the TBS determination, use the number of PSFCH symbols indicated by SCI.  
· For PSSCH DMRS overhead in the TBS determination, the reference number of REs occupied by PSSCH DMRS is used, where the reference number of REs is the average number of DMRS REs among (pre-)configured patterns.
· For CSI-RS and PT-RS overheads in the TBS determination, a new higher layer parameter, e.g., sl-xOverhead, is introduced per resource pool.
Agreements:
· The MCS table is indicated by 1st SCI, the number of MCS tables is (pre-) configured per resource pool.           
· 64QAM table is (pre-)configured as default. 
· Zero, one or two additional can be additionally (pre-)configured. Tables
· Using the 256QAM and/or low-SE MCS tables
· The number of bits in the 1st SCI for the indication is determined based on the number of MCS tables (pre)-configured for the resource pool
· 0, 1, or 2 bits
· Over-writing the (pre-)configured MCS table(s) by PC5-RRC is NOT supported
· A UE is not required to decode the 2nd SCI or the PSSCH associated with a 1st SCI if the 1st SCI indicates an MCS table that the UE does not support


In this contribution, we provide text proposals for NR specification to capture the agreements on physical layer structure for NR sidelink made in Rel-16 NR V2X WI. Furthermore, we continue to discuss remaining issues on physical layer structure including SCI, PSCCH, PSSCH, reference signals, and TBS determination. In addition, we discuss SL BWP design and resource pool design. 

Discussion
1.1. TBS determination and 2nd-stage SCI mapping
In RAN1#100bis E-meeting [1], it is agreed that actual number of REs occupied by the 2nd-SCI used for TBS determination. In this case, since the formula for the number of REs for the 2nd-SCI provided by the working assumption is dependent on TBS value, the working assumption needs to be revisited not to use TBS value for the number of REs occupied by the 2nd-SCI. Considering that the intention of using TBS value and the number of available REs for data in PSSCH resource is to adjust coding rate of 2nd-SCI with respect to data rate, it can be considered that the ratio of the sum of CB sizes over the number of available REs is replaced with multiplication of coding rate and modulation order indicated by MCS field. 
Proposal 1: For the 2nd-stage SCI mapping, the sum of code block sizes is not used. Instead, coding rate indicated by MCS field is used. 
Meanwhile, the upper limit of the number of REs for 2nd-SCI mapping is a function of higher layer signaled scaling factor  and the number of available REs for the 2nd-SCI mapping. To be specific, the number of available REs is derived by the total number of REs for PSSCH resource excluding the number of REs for PSCCH, PSSCH DMRS, PT-RS, and CSI-RS. Considering that the upper limit needs to be smaller than the actual number of available REs for the 2nd-SCI mapping, the upper limit is determined by the actual overhead of PSFCH, PSCCH, PSSCH DMRS, PT-RS, and CSI-RS. However, in case of actual CSI-RS overhead, the UE cannot know this value before decoding 2nd-SCI. Therefore, it is not desirable to use actual CSI-RS overhead to determine the upper limit of the number of REs for 2nd-SCI mapping. Next, since the actual PSSCH symbol duration could be time-varying depending on the actual PSFCH overhead, the upper limit of the 2nd-SCI mapping could be also changed slot-by-slot if the actual overheads are used. Meanwhile, considering that the same TBS shall be used in initial transmission and retransmission, it would be beneficial to keep the upper limit of the 2nd-SCI slot-by-slot. For TBS determination, the UE can use PSFCH overhead indicated by SCI, and it is used to ensure enabling the same TBS between initial transmission and retransmission. For instance, regardless of the actual PSFCH overheads, the TX UE can indicate the same PSFCH overhead for both initial transmission and retransmission. Similarly, it can be considered that the reference PSSCH symbol duration to determine the upper limit of the 2nd-SCI mapping is derived by PSFCH overhead indicated by the SCI. In other words, the upper limit of the 2nd-SCI mapping can be different depending on the PSFCH overhead indicated by the SCI. In this case, average DMRS overhead and sl-xOverhead used for TBS determination can be used for the upper limit of the 2nd-SCI as well. It would be helpful to adjust 2nd-SCI overhead to ensure the same TBS between initial transmission and retransmission. If sl-xOverhead is not used for the 2nd-SCI mapping, CSI-RS overhead will not be used to determine the upper limit, and the UE does not expects that the 2nd-SCI and CSI-RS are overlapped in the same resources. 
Observation 1: For the upper limit of the 2nd-stage SCI mapping, actual CSI-RS cannot be used. 
Observation 2: It would be beneficial to fix the upper limit of the 2nd-stage SCI mapping between initial transmission and retransmission to ensure the same TBS. 
Proposal 2: For the upper limit of the 2nd-stage SCI mapping, 
· For PSFCH overhead, use the number of PSFCH symbols indicated by SCI.  
· For PSSCH DMRS overhead, the reference number of REs occupied by PSSCH DMRS is used, where the reference number of REs is the average number of DMRS REs among (pre-)configured patterns.
· For CSI-RS and PT-RS overheads, sl-xOverhead is used.



Regarding the bit field size for beta offset indicator, we checked the required value of beta offset to have coding rate of 2nd SCI less than 0.1 across various combination of number of allocated sub-channels, and MCS index. In this analysis, we fixed the 2nd SCI payload size including CRC (e.g. 58 bits). For the possible values of beta offset, the same set of beta offset for DL HARQ feedback is reused. Figure 1 shows the set of beta offsets for each modulation order of PSSCH. 
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Figure 1: Set of beta offsets for 2nd SCI mapping with coding rate of less than 0.1 across various combinations of the number of allocated sub-channels, and MCS index
According to Figure 1, as the modulation order of PSSCH increases, the suitable value of beta offset also increases. In this case, 4 bits of beta offset indicator is not sufficient to manage the number of REs occupied by the 2nd SCI efficiently. 
For modulation order other than QPSK, the modulation order of the 2nd-stage SCI will be different from that of the corresponding PSSCH. In this case, the scaling factor considering these two modulation orders can be further considered to determine the number of REs for the 2nd-stage SCI. In this case, the ranges of beta offset values across different modulation order of PSSCH can be partially overlapped as shown in Figure 2. 
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Figure 2: Set of beta offsets for 2nd SCI mapping with coding rate of less than 0.1 across various combinations of the number of allocated sub-channels, and MCS index
Alternatively, the set of beta offset values could be changed depending on the modulation order of the corresponding PSSCH. Another way is to increase the bit field size to indicate beta offset into 4 bits. When the number of beta offsets is small, the coding rate of the 2nd-stage SCI could be excessively small, and it can cause excessively large overhead. 
Observation 3: It would be inefficient in terms of 2nd-stage SCI overhead to use 2-bit beta offset indicator to adjust the number of REs for the 2nd-stage SCI.
Proposal 3: For beta offset of the 2nd-stage SCI, adopt one or more following options.
· Option 1: Introduce more than 2 bits for beta offset indicator field.
· Down-select between 3 and 4 bits. 
· Option 2: Candidates of beta offsets are (pre)configured per modulation order of PSSCH.
· Option 3: In the formula for the 2nd-stage SCI mapping, apply scaling factor further based on the ratio between the modulation order of PSSCH and the modulation of 2nd-stage SCI.

The starting symbol of the 2nd-stage SCI is the first PSSCH symbol containing PSSCH DMRS. Meanwhile, it is necessary to clarify what will be the starting symbol of the 2nd-stage SCI for the case when all the REs for the first PSSCH DMRS are punctured due to overlapping with the corresponding PSCCH transmission. For instance, if the number of PRBs for PSCCH transmission is the same as the sub-channel size, and if the selected PSSCH DMRS pattern is allowed to be FDMed with the corresponding PSCCH, and if the number of sub-channel for PSSCH transmission is 1, the first DMRS symbol indicated by SCI will not be transmitted. When the 2nd-stage SCI mapping starts from the second DMRS symbol indicated by SCI, it is necessary to carefully check the available number of the REs for the 2nd-stage SCI and the latency due to the delayed 2nd-stage SCI transmission. Especially when the value of sl-LengthSymbol is 6, the first DMRS position will be changed from symbol index 1 into symbol index 5, and the 2nd-stage SCI can be mapped on only the last PSSCH symbol as shown in Figure 3. Alternatively, for the case when the first PSSCH DMRS indicated by SCI is punctured, the 2nd-stage SCI mapping can start from the end of the corresponding PSCCH transmission. 
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Figure 3: PSSCH DMRS pattern for PSSCH symbol duration of 6. 
Proposal 4: For the 2nd-stage SCI mapping, the starting symbol index is determined by earlier timing between the end of the corresponding PSCCH transmission and the first available PSSCH DMRS symbol. 

On the TBS determination, it is agreed that the number of PSFCH symbols indicated by SCI is used regardless of the actual number of PSFCH symbols. Since a PSFCH transmission occupies 2 symbols and there is a single TX-RX switching symbol in-between PSSCH and PSFCH in the same slot, the candidate values for the PSFCH overhead indicated by SCI for TBS determination are 0 symbols and 3 symbols. In our view, the upper limit of the 2nd-SCI mapping could be dependent on the number of PSFCH symbols indicated by SCI. In this case, it is desirable that the indicator to indicate the number of PSFCH symbols is present in the 1st SCI. Next, depending on the number of PSFCH symbols indicated by the SCI, the set of possible TBS values can be different. In other words, regardless of the actual PSFCH overhead, this indicator can be used to enlarge the set of usable TBS values. In this point of view, regardless of PSFCH resource period, it would be beneficial that this PSFCH overhead indicator is always present in the SCI. 
Proposal 5: 1 bit of indicator to indicate the number of PSFCH symbols for TBS determination is always present in the 1st SCI format. 
· The indicator can indicate either 0 or 3 symbols. 

Next, for TBS determination, it needs to clarify how to calculate the average number of REs occupied by PSSCH DMRS. The PSSCH DMRS overhead can be different depending on the pattern indicated by 1st SCI, the number of sub-channels for PSSCH transmission, and PSSCH symbol duration (or PSFCH overhead). For instance, since PSSCH DMRS can be FDMed with PSCCH, the possible number of REs occupied by PSSCH DMRS could be different depending on the number of sub-channels for PSSCH transmission. Another example is that the possible number of REs occupied by PSSCH DMRS can be different depending on the PSFCH overhead or PSSCH symbol duration. Followings are possible interpretations on the average number of REs for DMRS overhead:
· Interpretation A: Averaging the numbers of REs occupied PSSCH DMRS across different combinations of (pre)configured DMRS pattern, the number of sub-channels for PSSCH transmission, and the numbers of PSFCH symbols for a given resource pool
· Interpretation B: Averaging the numbers of REs occupied PSSCH DMRS across different combinations of (pre)configured DMRS pattern, and the numbers of PSFCH symbols for a given resource pool and a given number of sub-channels for PSSCH transmission
· Interpretation C: Averaging the numbers of REs occupied PSSCH DMRS across different (pre)configured DMRS patterns for a given resource pool, a given number of sub-channels for PSSCH transmission and the number of PSFCH symbols indicated by the SCI
Considering a single SCI can indicates at most three resources for PSSCH transmissions, the number of sub-channels for initial transmission and retransmission will be fixed for a TB. In addition, when chain-based resource allocation is used, the same number of sub-channels will be used for initial transmission and retransmission. In this case, the interpretation A is not desirable since the difference between effective coding rate and the target coding rate indicated by MCS can be unnecessarily large. 
To ensure the same TBS between initial transmission and retransmission, the TX UE could indicates the same number of PSFCH symbols for TBS determination. In this case, it would be beneficial to assume the interpretation C. In this case, the average DMRS overhead for TBS determination can be changed depending on the number of PSFCH symbols indicated by the SCI. Furthermore, when the number of PSFCH symbols indicated by the SCI is set to 3, it would be necessary to reduce DMRS overhead for TBS determination as well. Otherwise, due to large overhead assumption, the applicable TBS values would be unnecessarily reduced. 
Proposal 6: For TBS determination, the average number of REs occupied by PSSCH DRMS is derived by averaging the number of REs for all the (pre)configure DMRS patterns assuming that the relevant PSSCH transmission is performed with the scheduled number of sub-channels and with the PSFCH overhead indicated by the SCI. 

Next, it is necessary to define the possible values of  considering the statistics of the number of REs occupied by CSI-RS/PT-RS as shown in Figure 4. 
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Figure 4: Number of REs used for CSI-RS/PT-RS per PRB across different number of PRBs allocated for PSSCH. 

Even though PT-RS and CSI-RS will be punctured on the REs used for PSCCH transmission, the range of the actual overhead per PRB is almost the same across different number of sub-channels or PRBs for PSSCH transmissions as shown in Figure 4. Meanwhile, since sl-xOverhead targets only PT-RS and CSI-RS whereas xOverhead targets CORESET in addition to CSI-RS, the candidates values can be different from that of xOverhead. According to our analysis, the candidates values of sl-xOverhead could be {0, 2, 4, 6} REs. 
Proposal 7: For the candidates of sl-xOverhead, support {0, 2, 4, 6} REs to represent CSI-RS/PT-RS overheads.

1.2. Resource pool
When a UE is in-coverage, cell-specific UL resources will be indicated by higher layer parameter TDD-UL-DL-ConfigCommon. For out-of-coverage UE, PSBCH transmitted by another UE will indicate UL resources which can be potentially used for NR sidelink transmission. Due to the signaling overhead of PSBCH, UL resources indicated by PSBCH could be different from TDD-UL-DL-ConfigCommon. The reference SCS used for PSBCH contents will be determined or (pre)configured based on the number of patterns and the combination of periodicity. For instance, in case when two patterns have 10ms of periodicity, its reference SCS would be restricted to 15kHz such that PSBCH payload size accommodates the slot format indicator. For instance, when the two TDD pattern have 10ms periodicity, the reference SCS used for PSBCH contents will be 15kHz while the reference SCS of TDD-UL-DL-ConfigCommon can be larger than 60kHz. In this case, a single slot associated with the PSBCH contents will be overlapped with four slots associated with TDD-UL-DL-ConfigCommon. As shown in Figure 11, the set of UL slots indicated by TDD-UL-DL-ConfigCommon could be different from the set of UL slots indicated by PSBCH. 
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Figure 5: Comparison between UL slot indicated by TDD-UL-DL-ConfigCommon and PSBCH.
Observation 4: Due to the signaling overhead of PSBCH, the set of UL slots indicated by PSBCH can be different the set of UL slots indicated by TDD-UL-DL-ConfigCommon.
When the TX UE and RX UE have the different understanding on the cell-specific UL resources, resource reservation or PSFCH transmission timing would not work properly. Since the bitmap size will be (pre)configured in a resource pool, once UEs have different understanding on the set of UL slots, the bitmap cannot resolve this problem where a TX resource pool is no longer a subset of a RX resource pool. 
Observation 5: When different UEs have different understanding on the set of cell-specific UL slots, sidelink communication between these two UEs would be inefficient or infeasible.
In this case, even for the in-coverage UE, it would be necessary that higher layer indicate UL slots for applying the bitmap of resource pool configuration, and the form of the higher layer parameter is the same as the PSBCH contents to indicate the set of UL slots. 
Alternatively, it can be considered to define predefined rule to extract UL slots from TDD-UL-DL-ConfigCommon to ensure the set of UL slots can be same as the set of UL slots indicated by PSBCH. For instance, UE can select a subset of UL slots indicated by TDD-UL-DL-ConfigCommon considering the reference SCS used for PSBCH contents. For instance, when all the slots overlapping with a slot of PSBCH contents have cell-specific UL resources for target SL symbols (given by statSLsymbols and lengthSLsymbols), these slots are considered as UL slots for resource pool configuration. On the other hand, when at least one slot overlapping with a slot of PSBCH contents are not cell-specific UL resources for the target SL symbols, this slot cannot be used for the resource pool configuration. 
Meanwhile, it is necessary to clarify what is the reference SCS for resource pool configuration. In other words, it needs to define the SCS of the slots referred to the bitmap of resource pool configuration. Considering flexibility on the resource pool configuration, it would be beneficial to use configured SCS of the SL BWP for the reference SCS for resource pool configuration. 
Proposal 8: Reference SCS for resource pool configuration is the same as SCS of the configured SL BWP.
Proposal 9: For resource pool configuration, the in-coverage UE can extract UL slots based on one of following options:
· Option 1: TDD-UL-DL-ConfigCommon, sl-LengthSymbols (denoted by X), sl-StartSybmol (denoted by Y), and reference SCS used for PSBCH contents. 
· The UE excludes Z-th, (Z+1)-th, …, (Z+)-th slots if at least one slot among these slots does not have Y-th, (Y+1)-th, ....., (Y+X-1)-th symbols semi-statically for UL as indicated in TDD-UL-DL-ConfigCommon.
·  is the reference SCS used for PSBCH contents, and  is the reference SCS used for resource pool configuration (e.g. the configured SCS for SL BWP).
·  where 
· Option 2: According to additional higher layer signaling.
· The additional higher layer signaling consists of following parameters:
· Pattern: The number of patterns,
· Periodicity: Periodicity of each pattern,
· NrefSL: Number of consecutive UL slots within each period.
· UE assumes that the last NrefSL slots within each period are UL slots for resource pool configuration. 
In case of out-of-coverage UE, since TDD-UL-DL-ConfigCommon is no longer available at the UE, this UE will extract the set of UL slots for resource pool configuration from the PSBCH transmitted from other UE. For partial coverage scenario, in-coverage UE can transmit PSBCH to out-of-coverage UE. If the PSBCH is transmitted by in-coverage UE, a slot is indicated as UL if the slot has at least Y-th, (Y+1)-th, ....., (Y+X-1)-th symbols semi-statically for UL as indicated in TDD-UL-DL-ConfigCommon. Alternatively, the PSBCH contents could be (pre)configured in a resource pool. For out-of-coverage scenario, the PSBCH will be transmitted by out-of-coverage UE. In this case, the PSBCH contents will be determined by pre-configuration. 
Proposal 10: For resource pool configuration, the out-of-coverage UE can extract UL slots based on the preconfigured parameter if the synch reference source is the UE itself, or PSBCH contents of its synch reference source, otherwise.
On the bitmap length of resource pool configuration, in LTE V2X, the bitmap length is determined by the number UL subframes within a certain period (100ms). To be specific, the number of UL subframes within 100ms is 60, 40, 20, 30, 20, 10, or 50 for TDD-UL-DL configuration 0, 1, 2, 3, 4, 5, or 6, respectively. For FDD, the number UL subframes within 100ms is 100. In this case, the possible values of the bitmap length for LTE V2X are 10, 20, 30, 40, 50, 60, 100, and 16. In case of 16, it targets synchronous HARQ operation of Uplink in FDD. To determine the bitmap length, SLSS subframe is not considered. 
Similarly, the bitmap length of resource pool configuration for NR V2X can be determined by the number of UL slots within a certain period without consideration of S-SSB slots. Unlike LTE, the variations on the slot format of NR is more various in terms of period(s), pattern(s), and numerology. Meanwhile, in NR, the overall periodicity of TDD-UL-DL configuration will divide 20ms. In other words, all the slot patterns will be repeated with at least periodicity of 20ms. In this case, it can be considered that the possible number of UL slots within 20ms can be used for the bitmap length. Considering the maximum value of SCS for NR V2X is 120kHz, the possible bitmap length would be {1, 2, 3, 4, …, 160}. Since FR1 and FR2 have different set of SCS, the possible values of bitmap length can also be different between FR1 and FR2. Considering configuration flexibility, the minimum value of bitmap length would need to be increased further. In this case, the bitmap length could be defined as the number of slots available for SL (i.e. slots in which sl-LengthSymbols symbols from sl-StartSybmol are cell-specific UL excluding S-SSB slot) within multiples of 20ms. For instance, the minimum value of the bitmap length could be 5, and then the bitmap will be applied across slots within 100ms for SL BWP SCS of 15kHz. 
Proposal 11: Support {5, 6, …, 160} for bitmap size for resource pool configuration.
[bookmark: _GoBack]Regarding the periodicity for resource pool configuration, it is highly related to how the reserved slot is distributed. The number of reserved slots will be determined by the bitmap length, the number of S-SSB slots within the periodicity for the resource pool configuration, and the total number of slots within the periodicity for the resource pool configuration. In addition, DFN0 will be present in every 10240ms. In those points of views, in our view, the minimum value of the periodicity for a resource pool configuration could be 160ms, and the maximum value of the periodicity could be 10240msec. For simplicity, it can be considered to use 10240msec as the periodicity of the resource pool configuration. Meanwhile, if the tdd-UL-DL-ConfigurationCommon is reconfigured at the beginning of the period of the resource pool configuration, the SL BWP will be deactivated until the end of the period. If the period is set to be large value, the time duration when the SL BWP is deactivated will be also increased. To alleviate this problem, it can be considered that (pre)configuration indicates the periodicity of the resource pool configuration. 
Proposal 12: The periodicity of a resource pool configuration is 10240 msec. 

In LTE V2X, to minimize the difference between the time period indicated by “Resource reservation period” and the actual time period between first PSSCH transmissions in different subframes, the “Resoruce reservation period” in a unit of msec is converted into the number of logical subframes by using scaling factor whose value is determined based on TDD-UL-DL configuration. To be specific, the scaling factor is defined as the ratio of the number of UL subframes within 100msec, and the number of logical subframes is given by the multiplication of the scaling factor and the value of “Resource reservation period”. In this case, regardless of TDD-UL-DL configuration, when all the UL subframes are included in the resource pool, the actual time period between first PSSSCH transmissions in different subframes is the same as the time period indicated by “Resource reservation period”. 
Similar approach can be applied to NR V2X. Unlike LTE V2X, since the number of applicable slot formats provided by TDD-UL-DL configuration is excessively large, it may need to investigate how to define the scaling factor to convert “Resource reservation period” into the number of logical slots. For instance, the scaling factor could be the ratio of the number of slots available for SL within a certain time duration. In other words, the scaling factor can be the ratio of the bitmap length over the total number of slots within 20msec. However, in this case, depending on the resource pool configuration or bitmap information, the actual time period of PSSCH will be highly different from the resource reservation period. To alleviate this problem, the scaling factor could be set to be the ratio of the number of slots with bitmap value 1 within a certain period (e.g. 20msec) over the total number of slots within the certain period. Alternatively, (pre)configuration can indicate the value of scaling factor. For a given scaling factor, the “Resource reservation period” can be converted into the number of slots with SCS provided by SL BWP configuration, and then the number of slots is multiplied by the scaling factor. The number of logical slots for applying resource reservation is obtained by the ceiling value of the results. 
Proposal 13: For resource reservation, “Resource reservation period” in a unit of msec is converted into the logical slots with following steps:
· Step 0: The value of “Resource reservation period” is converted into the number of slots with SCS of SL BWP.
· Step 1: The number of slots given by step 0 is multiplied by the scaling factor where the scaling factor is defined by
· .
· Step 2: The results from step 2 is used to reserve PSCCH/PSSCH resource.
Observation 6: For the resource reservation period of less than 20msec, UE expects to be configured with resource pool configuration to have reasonably small difference between “Resource reservation period” and the actually achievable time period. 
Furthermore, to have the same interpretation on the resource reservation period, it can be considered to restrict the possible value of the “Resource reservation period” in a unit of logical slots is a factor of the number of slots with bitmap value 1 over the total number of slots within the period of the resource pool configuration. 
Depending on the number of slots within a resource pool, the time gap between PSFCH occasions would not be fixed. To be specific, across different periods of the resource pool, the time gap between PSFCH occasions could be different from the PSFCH resource period. For simplicity, it can be considered to restrict the number of slots within a resource pool to be multiple of PSFCH resource period, but it would restrict the resource pool configuration. Alternatively, even for the case when the time gap between PSFCH occasions is larger than the PSFCH resource period, the number of PSSCH slots associated with a PSFCH occasion is fixed to the PSFCH resource period. In this case, earlier PSSCH slots would not have the associated PSFCH resources, and the blind retransmission will be used in those slots. 

According to the LS from 5GAA WG4 [2], cellular V2X should support communication on all available radio resources up to the maximum system bandwidth to efficiently utilize the radio resources for all system configurations. In other words, it is necessary to fully utilize all the PRBs in a resource pool. For this purpose, following approaches are discussed in RAN1#100bis E-meeting: 
· Approach 1: Allocate a separate sub-channel for remaining PRBs after allocating sub-channels with configured sub-channel size. 
· Approach 2: Append remaining PRBs after allocating sub-channels with configured sub-channel size to the existing sub-channel. 
Regarding physical layer mapping of PSSCH including 2nd-SCI, since the number of sub-channels is not used, both approach will not make additional specification impact. On the PSFCH resource determination, the RB set for PSFCH is independently configured with the sub-channel size. Only the number of sub-channels in a resource pool would be related to the PSFCH resource determination. For both approaches, it would be possible to keep the number of sub-channels in a resource pool, so there is no specification impact on it. 
Regarding resource allocation in frequency domain, for both approaches, the set of PRBs for PSSCH transmission would be different from the case when the remaining PRB is not used. However, in the latest version of the specification, which PRBs are allocated for PSSCH transmission for a given FRIV is not yet specified. Therefore, it does not make additional specification work to support either Approach 1 or 2. 
The power control for PSSCH is depending on the number of PRBs, so there is no specification impact due to the different sizes of sub-channel. On PSSCH resource selection in sidelink resource allocation mode 2, the UE checks RSRP of each sub-channel in a resource pool. Since the RSRP is given by averaging the received power per RE, at least for non-power-limited case, there is no critical change of supporting both approaches. On the congestion control, the UE will perform CBR measurement, so the UE will measure SL RSSI for each sub-channel. Since the RSSI is given by averaging the received power per RE, at least for non-power-limited case, there is no critical change of supporting both approaches. For power-limited case, due to the increased number of PRBs for PSSCH, PSD and RSRP and RSSI could be relatively reduced. However, at this moment, optimization for this seems not necessary. 
On the TBS determination, when the sub-channel size can be different, it is possible that the initial transmission and retransmission can have different number of allocated PRBs even though the number of sub-channels are the same between the initial transmission and retransmission. Considering that the TBS determination uses quantization process, it can be considered that no special handling is needed for the case when initial transmission and retransmission use different size of sub-channel. Moreover, the indicator to indicate the number of PSFCH symbols could be used to enable the same TBS between initial transmission and retransmission with different number of allocated PRBs. 
Regarding physical layer mapping of PSCCH, depending on the number of PRBs for PSCCH, since the PSCCH would not be mapped on the sub-channel for the remaining PRBs in Approach 1, specification impact could be introduced only for Approach 1. In case of Approach 2, PSCCH resource still be confined within any sub-channels. 
Depending on the number of PRBs in a resource pool and configured sub-channel size, the number of remaining PRBs could be extremely small. In this case, it would be beneficial in terms of signaling overhead to support Approach 2 rather than to increase the bit field size for FRIV. 

Observation 7: To support the case when all the PRBs in a resource pool are used for PSSCH transmission, no critical problem is found in terms of supporting SL operation. So, no additional specification work is necessary for this purpose.
Furthermore, in RAN4#94-e-bis meeting, it was already defined that reference sensitivity requirement assuming all the PRBs in a resource pool are used for PSSCH transmission. In this case, if RAN1 decide not to use all the PRBs in a resource pool, it leads for RAN4 to revisit all the defined values of reference sensitivity requirement. 
Observation 8: Since RAN4 already defined reference sensitivity requirement assuming all the PRBs in a resource pool are used for PSSCH transmission, if the remaining PRBs are not used in Rel-16, it will require unnecessary RAN4 work. 
Proposal 14: Support the case where the number of PRBs for a resource pool is not multiple of configured sub-channel size. 
· The size of the lowest or highest sub-channel in a resource pool is determined by (configured number of PRBs for a resource pool – configured sub-channel size * (configured number of sub-channels in a resource pool - 1)).
· The size of remaining sub-channels is the configured sub-channel size.

1.3. Bandwidth part 
To avoid RF switching delay, 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. 
Meanwhile, in NR Uu link, for the uplink, the higher-layer parameter txDirectCurrentLocation indicates the location of the transmitter DC subcarrier in the uplink for a bandwidth part, including whether the DC subcarrier location is offset by 7.5 kHz relative to the center of the indicated subcarrier or not. Considering that UE’s RF setting covers both active UL BWP and configured SL BWP, the DC subcarrier location for the sidelink needs to be the same as that of the uplink. On the other hand, for out-of-coverage UE or idle UE, the DC subcarrier location for the sidelink could be (pre)configured per SL BWP. 
To avoid RF switching delay, the UE expects the same location of DC subcarrier between the active UL BWP and the SL BWP in a given time. On the other hand, it can be considered UE expects that the configured SL BWP is deactivated if the location of DC subcarrier of the SL BWP has different location with the location of DC subcarrier of the active UL BWP. Meanwhile, it was agreed that the reference frequency of NR V2X can be shifted by reusing the existing IE (frequencyShift7p5khz) for NR Uu [3].
Proposal 15: TX DC subcarrier in the sidelink is (pre)configured per SL BWP. 
Proposal 16: Adopt TP#1 in section 4 for Proposal 15. 
Proposal 17: UE expects to use a same DC subcarrier location in the SL BWP and in an active UL BWP in a same carrier of a same cell. 
· If the DC subcarrier location of the active UL BWP is different than the DC subcarrier location of the SL BWP, the SL BWP is deactivated.
     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 and the same numerology is used for the active DL BWP and the active UL BWP. 

1.4. PSCCH design
Frequency-domain pattern for PSCCH DMRS with 3 REs/PRB/symbol (i.e., comb-4 type) is supported and frequency-domain OCC is applied to the PSCCH DMRS sequence. In LTE V2X, cyclic shift {0, 3, 6, 9} is used to support CDM for PSCCH DMRS for capacity increment. To keep the multiplexing capacity in Rel-16 NR V2X, it can be considered that the length of OCC is 4 for the PSCCH DMRS. However, since there are three REs per RB for PSCCH DMRS, the OCC would be applied across different PRBs shown as Figure 6. In addition, the OCC with length 4 cannot be used for the PSCCH DMRS when the number of PRBs for PSCCH is 10 or 15 or 25. Thus, the candidate numbers of {10, 15, 25} for the number of PRBs for PSCCH needs to be changed into multiple of 4 such as {8, 16, 24}.  
[image: ]
Figure 6: Example of applying OCC with length 4 for PSCCH DMRS 
Proposal 18: Support frequency-domain OCC with length 4 for PSCCH DMRS sequence.
· Orthogonal cover code with length 4 is defined in following table 1.
Table 1: Parameters for PSCCH DM-RS
	
	

	
	m=0
	m=1
	m=2
	m=3

	1
	+1
	+1
	+1
	+1

	2
	+1
	-1
	+1
	-1

	3
	+1
	+1
	-1
	-1

	4
	+1
	-1
	-1
	+1


· The orthogonal cover code is applied to every four REs for PSCCH DMRS in a symbol from the lowest subcarrier index.
· Candidate numbers of {10, 15, 25} for the number of PRBs for PSCCH is replaced with {8, 16, 24}.
Regarding PSCCH DMRS sequence generation, according to agreement made in email discussion [4], nID is determined by a (pre-)configured value per resource. In addition, UE shall randomly select one of frequency-domain OCC for PSCCH DMRS. 
Proposal 19: Capture “n_ID is determined by a (pre-)configured value per resource pool.” in TS 38.211 for random seed of PSCCH DMRS sequence generation and “the UE shall randomly select the OCC index n_OCC in each PSCCH transmission” in TS 38.213 according to the following agreement.
	Agreements:
· NR PDCCH DMRS sequence is the baseline for PSCCH DMRS sequence at least with the following modification. 
· n_ID is determined by a (pre-)configured value per resource pool
· Frequency-domain OCC is applied, one of the [2 or 3 or 4] OCCs is randomly selected by the Tx UE. 
· Note: there is no (pre-)configuration on the number of OCCs.


Proposal 20: Adopt TP#2 and TP#3 in section 4 for Proposal 18-19.
Meanwhile, precoder granularity for PSCCH is not yet determined. Considering that PSCCH is mapped on consecutive PRBs and PSCCH coverage, it would be beneficial to use wideband precoding for PSCCH in terms of UE complexity and the detection performance.
Proposal 21: Precoder granularity of PSCCH is the same as the number of PRBs for the PSCCH.
Proposal 22: Adopt TP#4 in section 4 for Proposal 21.
According to the UE procedure related to PSSCH, there are two aspects: one is the UE procedure for transmitting PSSCH, and the other is the UE procedure for receiving PSSCH. On the other hand, in the latest version of the NR specification, it seems that the UE procedure for receiving PSCCH is missing.
Proposal 23: Capture UE procedure for receiving PSCCH in TS 38.213 as in TP#5 in section 4. 

1.5. Scrambling sequence generation
PSCCH scrambling sequence generation needs to consider sequence randomization between multiple PSCCH transmissions and/or between NR Uu link and NR sidelink. In this case, (pre)configuration can indicate the value of  in a resource pool. To be specific, in NR Uu link, the higher layer parameter pdcch-DMRS-ScramblingID is used for both PDCCH scrambling sequence generation and PDCCH DMRS sequence generation. Next, it can be considered that  is replace with PSCCH DMRS OCC index used for the PSCCH transmission. Alternatively, for simplicity,  can be fixed to 0. 
Proposal 24: PSCCH scrambling sequence generation is initialized with
· 
·  is the (pre)configured parameter for PSCCH DMRS generation. 
·  
Proposal 25: Adopt TP#6 in section 4 for Proposal 24.
For scrambling sequence design for PSSCH, PUSCH scrambling sequence can be a baseline with a 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 performed 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. 
Meanwhile, for a PSSCH, when the random seeds for the 2nd-stage and SL-SCH are different, the UE may need to perform scrambling sequence generation twice for a same PSSCH, and/or the UE may needs to store the generated scrambling sequences separately in a memory. Considering that the other discussion on sequence generation such as PSFCH sequence and PSCCH DMRS sequence, multiple seed values for initialization may increase UE complexity. In those points of views, it can be considered that a single scrambling sequence generation is performed for 2nd-stage SCI and SL-SCH scrambling sequence.
Proposal 26: 2nd-stage SCI and SL-SCH 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 and SL-SCH.
Proposal 27: Adopt TP#7 in section 4 for Proposal 26.

1.6. PSSCH and PSSCH DMRS design
In Rel-16 NR sidelink, 7, 8, 9,…, 14 symbols in a slot without SL-SSB for SL operation is supported with normal CP and only 14-symbol is mandatory for a dedicated carrier. In addition, the position(s) of the PSSCH DMRS symbols is given by the duration of the scheduled resources for transmission of PSSCH (i.e, l_d = 6, 7, 8, …, 13 symbols (including AGC symbol)) and the associated PSCCH (i.e, 2 or 3 symbols). 
In case of ECP, a clarification is required for PSSCH DMRS pattern in time domain and supported SL symbol duration in a slot. For ECP, the maximum number of symbols in a slot is limited to 12. Next, regarding the minimum number of symbols in a slot, it would be beneficial to have half slot duration for the coexistence between Uu link and sidelink in a carrier as in normal CP case. In this case, the number of SL symbols in a slot for ECP can include 6. In those points of views, 6, 7, 8, ..., 12 symbols in a slot without SL-SSB for SL operation is supported with ECP. For a carrier dedicated for sidelink, it seems straightforward that only 12-symbol is used for ECP case. On the other hand, there is no 2-DMRS symbols pattern for l_d less than 6. In this case, it is preferable not to support additional PSSCH DMRS pattern for ECP.
Proposal 28: In Rel-16 NR sidelink with ECP, 
· Support 6,7, 8, 9,…, 12 symbols in a slot without SL-SSB for SL operation
· For a dedicated carrier, only 12-symbol is mandatory
· No additional PSSCH DMRS pattern is introduced
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 the number of PSSCH DMRS is indicated by the SCI. Considering signaling overhead, candidates of the number of PSSCH DMRS to be indicated by the SCI can be (pre)configured by higher layer parameter TimePatternPsschDmrs. 
Meanwhile, since the symbol duration of the PSSCH is different between the PSFCH slot and the non-PSFCH slot, the applicable number of PSSCH DMRS symbols would be also different between the PSFCH slot and non-PSFCH slot. For instance, when the number of SL symbols in a slot is configured with 14 symbols, the PSSCH symbol duration in PSFCH-slot will be 13 symbols while the PSSCH symbol duration in non-PSFCH-slot will be 10 symbols. In this case, for the number of PSSCH DMRS symbols, {2, 3, or 4} is applicable in the non-PSFCH slot, while {2 or 3} is applicable in the PSFCH-slot. When the bit field size to indicate the number of PSSCH DMRS symbols is 1 bit, it would be beneficial to configure candidates of the number of PSSCH DMRS separately between the PSFCH-slot and non-PSFCH-slot. For instance, in PSFCH-slot, a UE can indicate 2 or 3 for the number of PSSCH DMRS. On the other hand, the UE can indicate 3 or 4 for the number of PSSCH DMRS. 
Proposal 29: For NR PSSCH DMRS pattern in time domain, candidates of the number of PSSCH DM-RS are (pre)configured for PSFCH slot and non-PSFCH slot separately, and a SCI indicates one of the (pre)configured candidates.

1.7. SCI design
UE procedure for transmitting Sidelink Control Information needs to be described in the specification as in LTE V2X. For instance, UE shall set the MCS as indicated by higher layers. A TB can consists of multiple logical channel with different priority. In this case, the L1-priority field in SCI will be set based on the highest priority among those priorities. All the logical channels associated with the same TB will have the same cast type, destination ID, and source ID. In this case, UE behavior according to the cast type, L1-destination ID, and L1-source ID would be set as indicated by higher layers corresponding to the transport block. 

1.8. Sidelink CSI-RS design
Regarding the mapping for sidelink CSI-RS, it is necessary to ensure that the sidelink CSI-RS is not overlapped with REs used for PSSCH DMRS. The sidelink CSI-RS is not FDMed with PSSCH DMRS with DMRS configuration type 1. In this case, it can be considered that the sidelink CSI-RS position is (pre)configured to be other than PSSCH DMRS position. However, since the symbol duration of the PSSCH could be changed between the PSFCH slot and the non-PSFCH slot, it would not be always guaranteed that a single CSI-RS position is not overlapped with PSSCH DMRS position. For instance, if the value of lengthSLsymbols is 10, and if the symbol duration of PSCCH is 2, and if the number of antenna ports for sidelink CSI-RS is two, the possible symbol positions of the CSI-RS are {2, 3, 5, 6} for non-PSFCH-slot or {2, 3, 4} for PSFCH-slot with respect to the first PSSCH symbol, respectively. Since the symbol position {2, 3} will be occupied by PSCCH, CSI-RS will not be mapped on the whole PRBs for the PSSCH. In this case, wideband CSI-RS will be transmitted either in PSFCH-slot or in non-PSFCH-slot. Alternatively, UE implementation avoids the case when CSI-RS and PSSCH DMRS are overlapped in the same resource. For instance, the TX UE can adjust DMRS pattern considering the existence of CSI-RS and its symbol position. In addition, when the number of antenna ports for CSI-RS is one, it can be considered that the CSI-RS is FDMed with PSSCH DMRS. 
For another approach, it can be considered that the last symbol of PSSCH is used for the sidelink CSI-RS position. In this case, the sidelink CSI-RS position will be changed slot-by-slot. However, depending on the PSSCH symbol duration and the number of PSSCH DMRS, the last symbol of the PSSCH can be used for the PSSCH DMRS as shown in Figure 7. In this case, additional mechanism to shift the sidelink CSI-RS position would be needed. In those points of views, sidelink CSI-RS symbol position in a slot is configured by PC5-RRC signaling for PSFCH slot and for non-PSFCH slot separately. 
[image: ]
Figure 7: Example of PSSCH DMRS position
Proposal 30: Sidelink CSI-RS symbol position in a slot is configured by PC5-RRC signaling for PSFCH slot and for non-PSFCH slot separately. 

1.9. Sidelink PT-RS design
In NR Uu link, for a sequence generation for UL PT-RS, the value mapped on REs for the PT-RS is the same as the value for the DMRS of the corresponding PUSCH mapped on an RE with the same subcarrier index in the first DMRS position. In a similar manner, the PT-RS sequence can be derived by the sequence of the first PSSCH DMRS position at the same subcarrier position as shown in Figure 8. However, if the PSSCH DMRS is FDMed with the corresponding PSCCH as shown in Figure 9-(a), the sequence of the PSSCH DMRS is not available. In this case, the last PSSCH DMRS can be used to derive the sidelink PT-RS sequence as shown in Figure 9-(b). In other words, PT-RS sequence mapped on subcarrier k is the same as PSSCH DMRS sequence mapped on subcarrier k in the last PSSCH DMRS symbol position within a PSSCH symbol duration
[image: ]
Figure 8: Example of sequence generation for sidelink PT-RS (PSSCH DMRS not FDMed with 1st SCI). 
[image: ]
(a)
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(b)
Figure 9: Example of sequence generation for sidelink PT-RS (PSSCH DMRS FDMed with 1st SCI). 
Proposal 31: For sidelink PT-RS, PT-RS sequence mapped on subcarrier k is the same as PSSCH DMRS sequence mapped on subcarrier k in the last PSSCH DMRS symbol position within a PSSCH symbol duration
Proposal 32: Adopt TP#8 in section 4 for Proposal 31.

1.10. Miscellaneous
According to [5], some higher layer parameters are not yet completed. First of all, it needs to decide whether higher layer parameters for SL BWP will be UE-specific and/or cell-specific. In Rel-16, only one SL BWP is supported, so it would be desirable that these parameters are cell-specific. However, for forward compatibility, it would be acceptable that these parameters are UE-specific as well. 
Next, it needs to decide the details on offsetToCarrier-SL. In our understanding, this parameter is used to determine how to align different resource grid with different numerologies, and the value of offsetToCarrier-SL needs to be the same as offsetToCarrier for SCS of SL BWP. In this point of view, it would be sufficient to (pre)configure offsetToCarrier-SL per cell cell-common. Considering forward compatibility especially for sidelink CA, it would be acceptable to allow UE-specific parameter for offsetToCarrier-SL in the perspective of signaling. 
Proposal 33: Update higher layer parameters as follows:
· Followings are UE-specific and/or cell-specific parameters:
· locationAndBandwidth-SL
· subcarrierSpcaing-SL
· cyclicPrefix-SL
· offsetToCarrier-SL is (pre)configured per cell as UE-specific and/or cell-specific parameter. 

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: For the upper limit of the 2nd-stage SCI mapping, actual CSI-RS cannot be used. 
Observation 2: It would be beneficial to fix the upper limit of the 2nd-stage SCI mapping between initial transmission and retransmission to ensure the same TBS. 
Observation 3: It would be inefficient in terms of 2nd-stage SCI overhead to use 2-bit beta offset indicator to adjust the number of REs for the 2nd-stage SCI.
Observation 4: Due to the signaling overhead of PSBCH, the set of UL slots indicated by PSBCH can be different the set of UL slots indicated by TDD-UL-DL-ConfigCommon.
Observation 5: When different UEs have different understanding on the set of cell-specific UL slots, sidelink communication between these two UEs would be inefficient or infeasible.
Observation 6: For the resource reservation period of less than 20msec, UE expects to be configured with resource pool configuration to have reasonably small difference between “Resource reservation period” and the actually achievable time period. 
Observation 7: To support the case when all the PRBs in a resource pool are used for PSSCH transmission, no critical problem is found in terms of supporting SL operation. So, no additional specification work is necessary for this purpose.
Observation 8: Since RAN4 already defined reference sensitivity requirement assuming all the PRBs in a resource pool are used for PSSCH transmission, if the remaining PRBs are not used in Rel-16, it will require unnecessary RAN4 work. 

Proposal 1: For the 2nd-stage SCI mapping, the sum of code block sizes is not used. Instead, coding rate indicated by MCS field is used. 
Proposal 2: For the upper limit of the 2nd-stage SCI mapping, 
· For PSFCH overhead, use the number of PSFCH symbols indicated by SCI.  
· For PSSCH DMRS overhead, the reference number of REs occupied by PSSCH DMRS is used, where the reference number of REs is the average number of DMRS REs among (pre-)configured patterns.
· For CSI-RS and PT-RS overheads, sl-xOverhead is used.
Proposal 3: For beta offset of the 2nd-stage SCI, adopt one or more following options.
· Option 1: Introduce more than 2 bits for beta offset indicator field.
· Down-select between 3 and 4 bits. 
· Option 2: Candidates of beta offsets are (pre)configured per modulation order of PSSCH.
· Option 3: In the formula for the 2nd-stage SCI mapping, apply scaling factor further based on the ratio between the modulation order of PSSCH and the modulation of 2nd-stage SCI.
Proposal 4: For the 2nd-stage SCI mapping, the starting symbol index is determined by earlier timing between the end of the corresponding PSCCH transmission and the first available PSSCH DMRS symbol. 
Proposal 5: 1 bit of indicator to indicate the number of PSFCH symbols for TBS determination is always present in the 1st SCI format. 
· The indicator can indicate either 0 or 3 symbols. 
Proposal 6: For TBS determination, the average number of REs occupied by PSSCH DRMS is derived by averaging the number of REs for all the (pre)configure DMRS patterns assuming that the relevant PSSCH transmission is performed with the scheduled number of sub-channels and with the PSFCH overhead indicated by the SCI. 
Proposal 7: For the candidates of sl-xOverhead, support {0, 2, 4, 6} REs to represent CSI-RS/PT-RS overheads.
Proposal 8: Reference SCS for resource pool configuration is the same as SCS of the configured SL BWP.
Proposal 9: For resource pool configuration, the in-coverage UE can extract UL slots based on one of following options:
· Option 1: TDD-UL-DL-ConfigCommon, sl-LengthSymbols (denoted by X), sl-StartSybmol (denoted by Y), and reference SCS used for PSBCH contents. 
· The UE excludes Z-th, (Z+1)-th, …, (Z+)-th slots if at least one slot among these slots does not have Y-th, (Y+1)-th, ....., (Y+X-1)-th symbols semi-statically for UL as indicated in TDD-UL-DL-ConfigCommon.
·  is the reference SCS used for PSBCH contents, and  is the reference SCS used for resource pool configuration (e.g. the configured SCS for SL BWP).
·  where 
· Option 2: According to additional higher layer signaling.
· The additional higher layer signaling consists of following parameters:
· Pattern: The number of patterns,
· Periodicity: Periodicity of each pattern,
· NrefSL: Number of consecutive UL slots within each period.
· UE assumes that the last NrefSL slots within each period are UL slots for resource pool configuration. 
Proposal 10: For resource pool configuration, the out-of-coverage UE can extract UL slots based on the preconfigured parameter if the synch reference source is the UE itself, or PSBCH contents of its synch reference source, otherwise.
Proposal 11: Support {5, 6, …, 160} for bitmap size for resource pool configuration.
Proposal 12: The periodicity of a resource pool configuration is 10240 msec. 
Proposal 13: For resource reservation, “Resource reservation period” in a unit of msec is converted into the logical slots with following steps:
· Step 0: The value of “Resource reservation period” is converted into the number of slots with SCS of SL BWP.
· Step 1: The number of slots given by step 0 is multiplied by the scaling factor where the scaling factor is defined by
· .
· Step 2: The results from step 2 is used to reserve PSCCH/PSSCH resource.
Proposal 14: Support the case where the number of PRBs for a resource pool is not multiple of configured sub-channel size. 
· The size of the lowest or highest sub-channel in a resource pool is determined by (configured number of PRBs for a resource pool – configured sub-channel size * (configured number of sub-channels in a resource pool - 1)).
· The size of remaining sub-channels is the configured sub-channel size.
Proposal 15: TX DC subcarrier in the sidelink is (pre)configured per SL BWP. 
Proposal 16: Adopt TP#1 in section 4 for Proposal 15. 
Proposal 17: UE expects to use a same DC subcarrier location in the SL BWP and in an active UL BWP in a same carrier of a same cell. 
· If the DC subcarrier location of the active UL BWP is different than the DC subcarrier location of the SL BWP, the SL BWP is deactivated.
Proposal 18: Support frequency-domain OCC with length 4 for PSCCH DMRS sequence.
· Orthogonal cover code with length 4 is defined in following table 1.
Table 1: Parameters for PSCCH DM-RS
	
	

	
	m=0
	m=1
	m=2
	m=3

	1
	+1
	+1
	+1
	+1

	2
	+1
	-1
	+1
	-1

	3
	+1
	+1
	-1
	-1

	4
	+1
	-1
	-1
	+1


· The orthogonal cover code is applied to every four REs for PSCCH DMRS in a symbol from the lowest subcarrier index.
· Candidate numbers of {10, 15, 25} for the number of PRBs for PSCCH is replaced with {8, 16, 24}.
Proposal 19: Capture “n_ID is determined by a (pre-)configured value per resource pool.” in TS 38.211 for random seed of PSCCH DMRS sequence generation and “the UE shall randomly select the OCC index n_OCC in each PSCCH transmission” in TS 38.213 according to the following agreement.
	Agreements:
· NR PDCCH DMRS sequence is the baseline for PSCCH DMRS sequence at least with the following modification. 
· n_ID is determined by a (pre-)configured value per resource pool
· Frequency-domain OCC is applied, one of the [2 or 3 or 4] OCCs is randomly selected by the Tx UE. 
· Note: there is no (pre-)configuration on the number of OCCs.


Proposal 20: Adopt TP#2 and TP#3 in section 4 for Proposal 18-19.
Proposal 21: Precoder granularity of PSCCH is the same as the number of PRBs for the PSCCH.
Proposal 22: Adopt TP#4 in section 4 for Proposal 21.
Proposal 23: Capture UE procedure for receiving PSCCH in TS 38.213 as in TP#5 in section 4. 
Proposal 24: PSCCH scrambling sequence generation is initialized with
· 
·  is the (pre)configured parameter for PSCCH DMRS generation. 
·  
Proposal 25: Adopt TP#6 in section 4 for Proposal 24.
Proposal 26: 2nd-stage SCI and SL-SCH 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 and SL-SCH.
Proposal 27: Adopt TP#7 in section 4 for Proposal 26.
Proposal 28: In Rel-16 NR sidelink with ECP, 
· Support 6,7, 8, 9,…, 12 symbols in a slot without SL-SSB for SL operation
· For a dedicated carrier, only 12-symbol is mandatory
· No additional PSSCH DMRS pattern is introduced
Proposal 29: For NR PSSCH DMRS pattern in time domain, candidates of the number of PSSCH DM-RS are (pre)configured for PSFCH slot and non-PSFCH slot separately, and a SCI indicates one of the (pre)configured candidates.
Proposal 30: Sidelink CSI-RS symbol position in a slot is configured by PC5-RRC signaling for PSFCH slot and for non-PSFCH slot separately. 
Proposal 31: For sidelink PT-RS, PT-RS sequence mapped on subcarrier k is the same as PSSCH DMRS sequence mapped on subcarrier k in the last PSSCH DMRS symbol position within a PSSCH symbol duration
Proposal 32: Adopt TP#8 in section 4 for Proposal 31.
Proposal 33: Update higher layer parameters as follows:
· Followings are UE-specific and/or cell-specific parameters:
· locationAndBandwidth-SL
· subcarrierSpcaing-SL
· cyclicPrefix-SL
· offsetToCarrier-SL is (pre)configured per cell as UE-specific and/or cell-specific parameter. 

Text proposals
TP#1: Text proposal for TS 38.211.
	[bookmark: _Toc29230433]8.2.5	Resource grid
The resource grid for sidelink transmission is defined in clause 4.4.2.
For sidelink, the carrier bandwidth  for subcarrier spacing configuration  provided by the higher-layer parameter subcarrierSpacing-SL is given by the higher-layer parameter carrierBandwidth-SL in the XXX IE. The starting position  for subcarrier spacing configuration  is given by the higher-layer parameter offsetToCarrier-SL in the XXX IE.
For the sidelink, the higher-layer parameter txDirectCurrentLocation in the SidelinkTxRxDirectCurrentBWP IE indicates the location of the transmitter DC subcarrier in the uplink for a bandwidth part, including whether the DC subcarrier location is offset by 7.5 kHz relative to the center of the indicated subcarrier or not. Values in the range 0 – 3299 represent the number of the DC subcarrier, the value 3300 indicates that the DC subcarrier is located outside the resource grid, and the value 3301 indicates that the position of the DC subcarrier in the sidelink is undetermined.



TP#2: Text proposal for TS 38.211.
	[bookmark: _Toc29230466]8.4.1.3	Demodulation reference signals for PSCCH
[bookmark: _Toc29230467]8.4.1.3.1	Sequence generation
The sequence  shall be generated according to

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with


where  is the OFDM symbol number within the slot,  is the slot number within a frame, and [image: ] is given by the higher-layer parameter pscch-DMRS-ScramblingID

[bookmark: _Toc29230468]8.4.1.3.2	Mapping to physical resources
The sequence  shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power specified in [5, 38.213] and mapped in sequence starting with  to resource elements  in a slot on antenna port  according to

 
where  is given by Table 8.4.1.3.2.
where the following conditions are fulfilled
-	they are within the resource elements constituting the PSCCH
The reference point for  is subcarrier 0 in common resource block 0.
The quantity  is the OFDM symbol number within the slot.
Table 8.4.1.3.2: Parameters for PSCCH DM-RS.
	
	

	
	m=0
	m=1
	m=2
	m=3

	1
	+1
	+1
	+1
	+1

	2
	+1
	-1
	+1
	-1

	3
	+1
	+1
	-1
	-1

	4
	+1
	-1
	-1
	+1






TP#3: Text proposal for TS 38.213.
	[bookmark: _Toc29894886][bookmark: _Toc29899185][bookmark: _Toc29899603][bookmark: _Toc29917339]16.4	UE procedure for transmitting PSCCH 
A UE can be provided a number of symbols in a resource pool, by timeResourcePSCCH, starting from a second symbol that is available for SL transmissions in a slot, and a number of PRBs in the resource pool, by frequencyResourcePSCCH, for a PSCCH transmission with a SCI format 0_1.
The UE shall randomly select the OCC index  in each PSCCH transmission.




TP#4: Text proposal for TS 38.211.
	8.2.4	Antenna ports
An antenna port is defined in clause 4.4.1. 
The following antenna ports are defined for the sidelink:
-	Antenna ports starting with 1000 for PSSCH
-	Antenna ports starting with 2000 for PSCCH
-	Antenna ports starting with 3000 for CSI-RS
-	Antenna ports starting with 4000 for S-SS/PSBCH
-	Antenna ports starting with 5000 for PSFCH
For DM-RS associated with a PSBCH, the channel over which a PSBCH symbol on one antenna port is conveyed can be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two symbols are within a S-SS/PSBCH block transmitted within the same slot, and with the same block index according to clause 8.4.3.1.
For DM-RS associated with a PSSCH, the channel over which a PSSCH symbol on one antenna port is conveyed can be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two symbols are within the same frequency resource as the scheduled PSSCH and in the same slot.
For DM-RS associated with a PSCCH, the channel over which a PSCCH symbol on one antenna port is conveyed can be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two symbols are within resources as the scheduled PSCCH, in the same slot.



TP#5: Text proposal for TS 38.213.
	16.4A  UE procedure for receiving PSCCH
For each PSCCH resource configuration, a UE configured by higher layers to detect SCI format 0_1 on PSCCH shall attempt to decode the PSCCH according to the PSCCH resource configuration. The UE is not required to decode more than one PSCCH at each PSCCH resource candidate. The UE shall not assume any value for the "Reserved bits" before decoding a SCI format 0_1. 
The UE upon detection of SCI format 0_1 on PSCCH can decode SCI format 0_2 or SCI format 0_3 on PSSCH according to the detected SCI format 0_1, and associated PSSCH resource configuration configured by higher layers.



TP#6: Text proposal for TS 38.211.
	8.3.2	Physical sidelink control channel
8.3.2.1	Scrambling
The block of bits , where  is the number of bits transmitted on the physical channel, shall be scrambled prior to modulation, resulting in a block of scrambled bits  according to

where the scrambling sequence  is given by clause 5.2.1. The scrambling sequence generator shall be initialized with 

where  equals the higher-layer parameter pscch-DMRS-ScramblingID



TP#7: Text proposal for TS 38.211.
	[bookmark: _Toc29230438]8.3.1	Physical sidelink shared channel
[bookmark: _Toc11324540][bookmark: _Toc29230439]8.3.1.1	Scrambling
For the single codeword , the block of bits , where  is the number of bits in codeword  transmitted on the physical channel as defined in [4, TS 38.212], shall be scrambled prior to modulation.
Scrambling shall be done according to the following pseudo code
set 
while 
if 	// SCI placeholder bits
 
else
	 
end if 
i = i + 1
end while
where the scrambling sequence  is given by clause 5.2.1 and
-	for 
-	
-	The scrambling sequence generator shall be initialized with

where  where the quantity  equals the decimal representation of CRC for the sidelink control information mapped to the PSCCH associated with the PSSCH according to  with  and  given by clause 7.3.2 in [TS 38.212],  equals the higher-layer parameter dataScramblingIdentityPSSCH.

-	for 
-	
-	The scrambling sequence generator shall be initialized with

where  where the quantity  equals the decimal representation of CRC for the sidelink control information mapped to the PSCCH associated with the PSSCH according to  with  and  given by clause 7.3.2 in [TS 38.212],  equals the higher-layer parameter dataScramblingIdentityPSSCH.



TP#8: Text proposal for TS 38.211.
	[bookmark: _Toc29230463]8.4.1.2	Phase-tracking reference signals for PSSCH
[bookmark: _Toc29230464]8.4.1.2.1	Sequence generation

The phase-tracking reference signal for subcarrier  is given by




where	 is the demodulation reference signal given by clause 8.4.1.1.2 at last DMRS position and subcarrier 
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