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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The 5G V2X with NR sidelink WID [1] includes the following objectives:
· NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
· Support of sidelink signals, channels, bandwidth part, and resource pools
In RAN1#97, a number of issues were identified for sidelink structure [2]. In this contribution, we continue to discuss on relevant issues, such as resource pool, sidelink bandwidth part, sidelink channel (PSCCH/PSSCH/PSFCH) design, PSCCH/PSSCH/PSFCH multiplexing, reference signals and AGC and Tx/Rx switching gap.
Resource pools
[bookmark: _Ref7204504]Frequency-domain resource pool
The following has been agreed in [6] for the frequency design of resource pools:
· For frequency domain resources of a resource pool for PSSCH, 
· Down select following options:
· Option 1: The resource pool always consists of contiguous PRBs
· Option 2: The resource pool can consist of non-contiguous PRBs
· Sub-channel based resource allocation is supported for PSSCH
· FFS details for sub-channels
· FFS other use cases for sub-channel (e.g., measurement, interaction with PSCCH, etc.)
In this sub-section, we investigate whether a resource pool should always consist of contiguous PRBs. Non-contiguous sub-channels may result in severe In-Band Emission (IBE) since the PSSCH resources are partitioned into non-contiguous sub-channels, as shown in option 2 of Figure 1. For a UE, at a given time, PSSCH resources are more likely to suffer strong interference. For mode 1, this can be partially alleviated by the gNB scheduler, but for mode 2, this interference is more difficult to control. 
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[bookmark: _Ref536603640]Figure 1. Resource pool frequency resources option 1 versus option 2
Hence, we propose the resource pool always consists of contiguous PRBs
Proposal 1: A resource pool always consists of contiguous PRBs.
A sub-channel is defined within a resource pool, and the configuration of sub-channel in LTE-V2X can be reused for NR-V2X: a resource pool consists of a number of sub-channels, each with same size, i.e. number, of contiguous PRBs. Unlike LTE-V2X, NR-V2X supports that the PSCCH is TDMed with its associated PSSCH within a slot (i.e. option 3 PSCCH/PSSCH structure). The PSCCH resource format (a number of PRBs in a number of symbols) may vary depending on services, e.g. better coverage, extra low latency, etc. Thus, the minimum sub-channel size needs to take into account frequency resource size of PSCCH, i.e. a UE is able to transmit PSCCH and associated PSSCH at least on one sub-channel in a slot. 
Proposal 2: The minimum sub-channel size configured in a resource pool is equal to or larger than the number of PRBs for a UE to transmit PSCCH.
Time-domain resource pool
At RAN1#96 [5], the following was agreed:
· NR sidelink supports for a UE:
· A case where all the symbols in a slot are available for sidelink.
· Another case where only a subset of consecutive symbols in a slot is available for sidelink
· Note: this case is not intended to be used for the ITS spectra, if there is no forward-compatibility issue. Finalize in the WI phase whether there is such an issue or not
· The subset is NOT dynamically indicated to the UE
· FFS the supported slot configuration(s)
· FFS whether/how to operate it in partial coverage scenarios
2.2.1 Sidelink-only slot 
In a sidelink-only slot, all OFDM symbols are available for sidelink. There are three cases where a sidelink-only slot can be used.
Case 1: Slot with transmission of PSCCH/PSSCH only
A source UE can transmit PSCCH and associated PSSCH, as shown in Figure 2. Note that in the figure, only one PRB is shown. Note also that UL/SL multiplexing in frequency, with PRBs using the format shown in Figure 1 for SL, and other PRBs configured for UL eMBB transmission is also possible. 
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[bookmark: _Ref15999282]Figure 2. PSCCH and associated PSSCH transmitted by a source UE. (Note: only time domain within a slot is shown. Frequency multiplexing options are not depicted. This also applies for other figures in this paper).
A source UE can also transmit PSSCH without associated PSCCH, e.g. a configured granted PSSCH where detection of DMRS sequence of PSSCH conveys the information for decoding of PSSCH.
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[bookmark: _Ref3898305]Figure 3. PSSCH without associated PSCCH transmitted by a source UE
Case 2: Slot with transmission of PSFCH only:
On the other hand, a destination UE can transmit PSFCH, as shown in Figure 4, which conveys sidelink control feedback information (SCFI) carrying ACK/NACK. This is also referred to as long PSFCH format, as discussed in section 5.3.2. 
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[bookmark: _Ref3902948]Figure 4. PSFCH transmitted by a destination UE
Case 3: Slot with transmission of PSCCH/PSSCH and PSFCH:
In addition, a sidelink-only slot can be shared for transmission of PSCCH/PSSCH and PSFCH, where the last OFDM symbol(s) (except the gap symbol located at the end of the slot) can be used to transmit the PSFCH. Note that the source UE may need an additional symbol for AGC settling and processing before receiving PSFCH. This PSFCH is referred to as short PSFCH format, which is discussed in section 5.3.1. Note that PSFCH can be fed back to the source UE as soon as possible in order to achieve lower latency, e.g. n+k processing, where k can be zero, depending on UE capability. 
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[bookmark: _Ref3898887]Figure 5.  A sidelink slot where a source UE transmits PSCCH and associated PSSCH in the beginning of the slot and a destination UE feedbacks PSFCH in the end of the slot: (a) n+0 slot UE processing; (b) n+1 slot UE processing
Proposal 3: A sidelink-only slot can be used for transmission of PSCCH/PSSCH only, or PSFCH only, or both PSCCH/PSSCH and PSFCH.
2.2.2 Uu-sidelink slot 
NR Rel-15 TDD allows flexible slot configuration with support of flexible (denoted as 'F') slots/symbols, which can be overwritten to either downlink (denoted as 'D') or uplink (denoted as 'S') via cell-/UE-specific signaling, mainly targeting for very low latency deployment. This is also applied in NR V2X, where a Uu-sidelink multiplexing is beneficial on achieving lower end-to-end latency requirement in shared licensed carrier mode 1 operation.    
In a Uu-sidelink slot, a subset of consecutive OFDM symbols is available for sidelink, and the remaining symbols can be used for downlink or uplink. There can be two cases for Uu-sidelink multiplexing within a slot, taken into account both latency and overhead for UE switching within a slot:  
Case 1: DL+SL
In this case, the first consecutive symbols can be used for downlink, and the remaining symbols are for sidelink. A source UE can receive PDCCH, and immediately transmit sidelink within the slot according to it. The remaining available sidelink symbols can be used by the source UE to transmit PSCCH and associated PSSCH.
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[bookmark: _Ref5110213]Figure 6. (a) A DL + SL multiplexing slot; (b) A DL slot + a SL slot.
This slot configuration (i.e. a DL+SL slot, in Figure 6 (a)) allows the fast scheduling of sidelink transmission to achieve lower latency of sidelink transmission, in comparison with the option “a DL slot + a SL slot” (as shown in Figure 6 (b)) in mode 1 dynamic scheduling operation.
The cost of this configuration is the UE switch between receiving DL and transmitting SL, which requires a switching gap. However, this one-symbol length overhead is acceptable to the NR V2X system, given that the supported short PSFCH conveying ACK/NACK at the end of a slot also requires a Tx/Rx switching. Consequently, A DL+SL multiplexing slot does not require additional NR V2X UE capabilities i.e. only one switching within a slot, whilst saving one slot latency.
Proposal 4: The NR slot configuration allows the first subset of consecutive symbols in a slot to be used for PDCCH carrying a sidelink DCI, and the last subset of consecutive symbols in the slot to be used for PSCCH/PSSCH.
Case 2: SL+UL
In this case, the last symbol(s) can be used for uplink, and remaining, preceding, consecutive symbols are for sidelink. A source UE can immediately send to gNB, e.g. a NACK to trigger sidelink retransmission scheduling upon reception of NACK from destination UE within the same slot.
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[bookmark: _Ref5110169]Figure 7. (a) A SL + UL multiplexing slot; (b) A SL slot + UL slot
This slot configuration (i.e. a SL+UL slot, Figure 7 (a)) allows the fast retransmission request by the source UE to achieve lowest latency of sidelink retransmission, in comparison with the option “a SL slot + a UL slot” (as shown in Figure 7(b)) in mode 1 dynamic scheduling operation. Consequently, A SL+UL slot saves one slot latency without introducing UE switch within the slot (assuming a sidelink slot always contains a gap symbol at the end of a slot, as in LTE-V).
Proposal 5: The NR slot configuration allows the first subset of consecutive symbols in a slot to be used for PSFCH carrying SFCI, and the last subset of consecutive symbol(s) in the slot to be used for PUCCH e.g. carrying SR.
Resource pool configuration
It is necessary to support cell-specific (pre-)configuration for resource pools necessary so that each UE utilizing the resource pool has common configurations, e.g. at least for resource information in time and frequency. A UE-specific slot configuration on top of a cell-specific slot configuration for sidelink is beneficial in certain cases, e.g. to a pair of UEs participating in unicast and/or a group of UEs participating in groupcast within the resource pool. In this case, gNB can configure such a pair/group of UEs with UE-specific slot configurations.  
In shared carrier(s), for TDD operation, a UE is provided a slot configuration for Uu-link, and then some of 'F' and 'U' symbols/slots of this Uu-link configuration can be overwritten as 'S' symbols/slots for sidelink via cell- and/or UE-specific signaling. It is up to gNB’s configuration on slot formats to guarantee QoS of UEs, e.g. URLLC and eMBB. This configuration flexibility of gNB should be exploited, rather than prohibited, in NR sidelink. Note that from the system perspective, the gNB will ensure configuration of flexible symbols/slots does not result in simultaneous SL and DL for a UE nor different interpretation on slot configuration for different in-coverage UEs. Note that a UE without slot configuration on 'F' or 'U’ slots/symbols, is not expected to transmit/receive sidelink on these slots/symbols. There are two options for gNB to re-configure 'F' slots/symbols for sidelink:
· Option 1: gNB re-configures 'F' to 'U' first, and then re-configures 'U' to 'S', i.e.  'S' can only be configured from 'U'.
· Option 2: gNB overwrites 'F' to 'S', i.e. 'F' to 'S' directly.
There is no benefit for the NR system to restrict gNB’s configuration flexibility to support option 2 in a licensed carrier, moreover, option 2 saves configuration signaling overhead on Uu link compared to option 1 which needs separate configurations for 'F' to 'U' and 'U' to 'S'. Option 2 also has lower latency when re-configuration is needed, which can be important e.g. when a high-priority sidelink service needs more resources, or eMBB URLLC is present. Figure 8 shows option 2 configuration by gNB.
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[bookmark: _Ref15906700]Figure 8. Uu-SL configuration overwrites Uu configuration on 'F' and 'U' symbols and slots 
Proposal 6: In a shared carrier, both uplink and flexible slots/symbols can be directly configured by gNB to sidelink slots/symbols.
In case of a Uu-sidelink slot, the duration of Uu symbols must be known to all UEs in a resource pool via cell-specific signaling. Since dynamic NR sidelink slot configuration is not supported, the gNB must ensure that dynamic configuration on Uu link does not cause UE confusion on sidelink.
A cell-specific slot configuration for sidelink is applied to all UEs on a resource pool basis so that receiving UEs are aware of slot format configuration used by transmitting UEs within the resource pool. Therefore, at a given time, the slot configuration for sidelink transmission, whether in-coverage or partial-coverage, is known to all UEs within a resource pool.
A UE-specific slot configuration on top of a cell-specific slot configuration for sidelink is beneficial in certain cases, e.g. UEs forming unicast or groupcast links within the resource pool. In this case, gNB can configure such a pair/group of UEs with UE-specific slot configurations. For example, gNB configures a SL+UL multiplexing slot or re-allocates part of UL resources to SL resources to provide higher priority to such a pair/group of UEs according to QoS requirements of V2X advanced services, and therefore guarantee latency and reliability for these sidelinks. More specifically, on top of Uu configuration ('U' and 'F' symbols), the sidelink configuration can indicate the starting location, i.e. the first symbol for sidelink, and following number of consecutive symbols for sidelink in a slot.
Proposal 7: Uplink and flexible symbols/slots configured on a cell-specific basis can be overwritten as 'sidelink' by cell-/UE-specific signaling on a resource pool basis.
· For a subset of consecutive sidelink symbols in a slot, the location of the first sidelink symbol and the number of following consecutive sidelink symbols are configured.
A resource pool can be cell-/UE-specifically (pre-)configured with frequency domain information.
Proposal 8: A cell-/UE-specific (pre)configuration is supported for a resource pool with the following parameters:
· Sub-channel size, i.e. number of contiguous RBs in a sub-channel.
· Number of contiguous sub-channels.
Resource pool partitioning
At RAN1 #96bis, a few contributions discussed resource pool partitioning based on ‘cast-type’, i.e. unicast, groupcast and broadcast. A resource pool is shared by all UEs utilizing that resource pool in order to communicate with each other. However, the real-life V2X advanced traffic cannot be always predictable, and resource pool partition in terms of sidelink cast-type will lead to significant resource utilization inefficiency. In case of in-coverage, gNB may collect reports from UEs to re-configure resources pools based on cast-type to optimize resource utilization efficiency, but this requires a lot of Uu link reports and re-configuration signaling on a timely basis. When there is no network coordination, i.e. out-of-coverage, resource pool configuration is blindly pre-configured per UE without full knowledge of other UEs utilizing the resource pool, and hence it is very difficult to optimize resource efficiency. 
Proposal 9: A resource pool can support any combination of unicast, groupcast, and broadcast transmissions.
Common and dedicated resource pools
A resource pool is configured within a sidelink BWP. For some V2X traffic types, such as broadcast transmissions, all UEs must be able to receive the broadcast messages. However, if the UEs’ BWPs are different, then UEs receiving broadcast from others within its own BWP does not work. Consequently, common resource pool(s) needs to be (pre-)configured within a BWP of an UE, with known numerology and resources. For some type of services which gNB may allocate exclusive resources, e.g. part of licensed spectrum, to certain UEs, there is no need for such a restriction. In addition, dedicated resource pool can also be used for particular UE operation, e.g. CSI-report only, as discussed in [8]. Resource pools specific to the UEs involved will be configured by gNB, as shown in Figure 9. 
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[bookmark: _Ref524077996]Figure 9. Common resource pool(s) and dedicated resource pool(s) within an active SL BWP of a UE
Proposal 10: Common resource pools and UE-dedicated resource pools can be (pre-)configured.
Bandwidth parts
Simultaneous transmission of SL and UL
It was agreed in RAN1 Ad-Hoc 1901 [6] that
· Configuration for SL BWP is separated from Uu BWP configuration signalling.
· UE is not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time.
· FFS the time scale.
· FFS relation to DL BWP including initial Uu BWP.
· FFS relation in terms of frequency location and bandwidth.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK25]It was agreed that UE was not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time, and configuration signaling for SL BWP is separate from the Uu BWP configuration signaling. This simplifies the possibility to transmit simultaneously on an UL BWP and SL BWP.
For supporting simultaneous transmission (option 1), there is at least one slot shorter delay compared with only supporting non-simultaneous transmission (option 2). As shown in Figure 10 with the typical DL-UL configuration 4:1, it can be shown that only 10% of the slots can be used for UL when simultaneous transmission is not supported, as opposed to 20% when it is supported. With mini-slot data scheduling in non-simultaneous transmission, the delay problem is partly avoided, but this route leads to new issues, such as increased AGC overhead and TX-RX switching time. In addition, the Uu UL performance would be affected. 
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[bookmark: _Ref16671470]Figure 10. Simultaneous (option 1)/ non-simultaneous (option 2) UL-SL transmission
It is easy to implement simultaneous UL/SL BWP transmission in the UE. The gNB can configure the UL BWP and SL BWP to ensure that the UL BWP and resource pool(s) are within the UE’s RF bandwidth. The UE needs to transmit two signals with different timing advances and power levels. This does not put big constraints on the hardware implementation: the UE simply has to add in time domain two generated OFDM signals. This requires two FFT modules, which is not anticipated to be an issue for modern hardware implementations. In addition, as long as the power difference between the two signals is not too large, a reasonable DAC resolution can handle the simultaneous transmission of both signals. The feasibility analysis is shown in Table 1 (e.g., waveform, IBE, and TA) compared with LTE.
[bookmark: _Ref14948317]Table 1. Analyses of simultaneous transmission of UL and SL.
	Issues
	LTE
	NR V2X
	Analysis

	waveform
	SC-FDM for UL and SL
	OFDM for UL and SL
	no single-carrier problem

	Inband emission between UL and SL
	High power gap between UL Tx and SL Tx
	Pathloss between gNB and UE based power control for UL and SL
	Power control and resource scheduling/selection to avoid in-band emission interference

	Timing advance
	No TA for SL, SL Tx based on DL subframe boundary, there are offset between UL and SL transmission
	Option 1: Same TA as UL  
Option 2: Based on DL slot/subframe boundary
	For 1), UE can transmit UL and SL simultaneously.
For 2), two FFT modules can be used to achieve different TAs, i.e. different slot/subframe boundary.


Note that whether to support simultaneous UL and SL is up to UE capability. 
Proposal 11: Simultaneous transmission on UL BWP and SL BWP in a carrier is supported for a UE depending on UE capability when the same numerology is used for both BWPs.
Impacts of SL BWP on SL design
[bookmark: _Hlk505670522]In NR Uu, for each numerology and carrier, a resource grid of  subcarriers and  OFDM symbols is defined, starting at common resource block  indicated by higher-layer signaling. There is one set of resource grids per transmission direction (uplink or downlink) with the subscript set to DL and UL for downlink and uplink, respectively. There is one resource grid for a given antenna port , subcarrier spacing configuration , and transmission direction (downlink or uplink). 
Furthermore, in order to support different numerologies in NR Uu, SCS-specific carrier is defined. Based on ‘point A’ and common resource blocks (CRBs) for a numerology, SCS-specific carrier and Uu BWP are configured to UE in NR Uu. The similar scheme can be reused for SL BWP in NR V2X.
Proposal 12: SL BWP configuration is based on point A and common resource block per numerology.
Indexing of RBs in the frequency domain is most efficiently defined within a SL BWP. This has lower overhead of resource pool configuration signaling than defining within a resource pool based on CRBs, and is more appropriate since sub-channels will be used as the within-pool resource granularity.
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[bookmark: _Ref7253349]Figure 11. PRB index within SL BWP
Proposal 13: PRB index is defined within a SL BWP.
In NR Uu, for each DL BWP or UL BWP, the UE is provided a common RB   and a number of contiguous RBs . The granularity of these Uu BWP configurations is PRB level, and the bandwidth of Uu BWP can be any value from 1~275 PRBs. In order to realize proper coexistence of Uu BWP and SL BWP in a shared carrier, the granularity of SL BWP configuration needs to be at PRB level too. 
Proposal 14: The granularity of SL BWP start and length configurations is PRB level.
AGC settling time
RAN1 sent a LS to RAN4 on the AGC settling time and received a preliminary LS reply in [11]:
· Below observations that impact AGC setting time in RAN4 study are:
· Different companies have different assumptions of AGC settling time.  
· Some parameters that impact AGC settling time are waveform, RB size, SCS, number of carriers, number of receiver chains, and adjacent channel blocking interference. AGC settling time reported to RAN1 shall also consider the implementation and practical aspects. 
· Based on different assumptions: 
· The AGC settling time observed by Qualcomm, Ericsson, Intel, Interdigital is
· AGC time :  35us for all SCS 
· The AGC settling observed by Mediatek, Huawei, LGE, Spreadtrum is
·  AGC time :  35us for 15kHz  SCS
 18us for 30kHz SCS
                         9us for 60kHz SCS
· If multiple carriers are configured, AGC performance could be degraded/further evaluated.
· Any further clarification on RAN1 design/ assumptions regarding the above observations could benefit RAN4 to further evaluate AGC performance.
 RAN4 considers some parameters that impact AGC settling time are waveform, RB size, SCS, number of carriers, number of receiver chains, and adjacent channel blocking interference. Based on different assumptions, RAN4 expects the AGC settling time to be lower than 35 μs, with a number of companies showing values lower than 18 μs for 30 kHz, and 9 μs for 60 kHz. Even the companies observing 35 μs for all SCS considered that this value is observed in the worst case conditions, and that in the vast majority of situations, the AGC settling time will be much lower. 
However, RAN1 has yet to provide design clarification to RAN4, and RAN4 assumes at least a case for 10 RB allocation, the settling time is provided for different SCS, as in the latest RAN4 LS reply [12], that: 
· AGC settling time : 
· For single CC using CP-OFDM waveform and at least 10 RB allocation
·  35 usec for 15 kHz SCS
·  35 usec for 30 kHz SCS
·  18 usec for 60 kHz SCS
· RAN4 has not studied the multicarrier cases.
In our opinion, 10 PRBs allocation is one of the workable options, but not the lowest bound of PRBs allocation for a sidelink transmission, otherwise in this case, an always ≥10 PRBs allocation will restrict scheduling/resource-selection flexibility and efficiency. In other words, a large minimum number of PRBs resource allocation means less UE multiplexing capability in the system. For 10 MHz bandwidth (for ITS spectrum, the size and availability depends on local regulations, and for licensed spectrum, it is up to gNB scheduling), with 30 kHz and 60 kHz SCS 10 PRBs allocation, only maximum two and one UEs can be supported for sidelink transmission at a given time, respectively. In LTE-V, when PSCCH and PSSCH are non-adjacent, 2 PRBs can be allocated for a UE to transmit PSCCH and 4 PRBs for PSSCH. It is not desirable for a new system targeting at advanced services, such as NR-V2X, to degrade in terms of scheduling/resource-selection flexibility and efficiency compared to an existing system for basic services.
From physical layer design prospective, RAN1 needs to consider the minimum PRB allocation for a sidelink transmission (PSSCH/PSSCH/PSFCH) to support a single symbol duration for AGC settling time for all SCS, and provides RAN1 design clarification to RAN4 for evaluation, e.g. no AGC training signal is considered, 15/30/60/120kHz SCS, single carrier with a single sidelink BWP in Rel-16. In addition, RAN1 needs to respectfully ask RAN4 for further guidance on AGC settling time for 120 kHz SCS, which was one of the agreed SCS used for NR-V2X. 
Proposal 15: RAN1 to send an LS asking RAN4:
· The minimum number of PRBs allocation for a sidelink transmission, e.g. 1, 2, 3 or 4 PRBs, so that one symbol is sufficient for AGC settling time for all SCSs.
· To conclude their evaluation of AGC settling time for 120 kHz SCS.
Physical sidelink channels
PSCCH
5.1.1 [bookmark: _Ref14945810]Code rate for PSCCH
In LTE-V, the code rate of PSCCH is fixed at 0.1296 targeting for scheduling broadcast-based PSSCH. However, NR-V2X supports unicast, groupcast and broadcast with different requirements in terms of reliability, ranging from 90% to 99.999% [7], so a single fixed PSCCH resource format with a fixed code rate is not sufficient to meet NR V2X requirements. Consequently, NR PSCCH needs to be designed to support services with different target reliability, like in NR PDCCH. In order to reduce the number of blind decodes of PSCCH, not exceeding maximum number of blind decodes for NR PDCCH, three code rates can be taken into account, e.g. to align with existing MCS tables (for CP-OFDM) of NR Rel-15. PSCCH with high, moderate, low code rate, corresponds to, associated PSSCH with high (e.g. 99.999%), moderate (e.g. 99.9%) and low (e.g. 99%) reliability requirements can be adopted. 
Based on our system level evaluation (simulation assumption is subject to TR 37.885, as listed in Appendix 9.2), a SINR CDF curve is obtained based on the scenario of urban-A for 150m-communication-range mode-2 unicast, as shown in Figure 12(a), and we observe that SINR value is -3dB for 5%-tail CDF (due to limited simulation drops and unexpected errors, we assume 5%-tail CDF of SINR is considered as worst case). Another SINR CDF curve is obtained based on the scenario of highway-A for 1000m-communication-range mode-2 unicast, as shown in Figure 12(b), and we observe that SINR value is 6dB for 5%-tail CDF. Due to dense UE deployment with strong interference environment of the urban scenario, we consider the worst case for delivering PSCCH, i.e. at -3dB SINR. 
	[image: ]
	[image: ]

	(a) CDF of SINR for urban-A
	(b) CDF of SINR for highway-A


[bookmark: _Ref15283911]Figure 12. Evaluation performance on code rate of PSCCH
We provide link level simulations which use a number of PSCCH formats, i.e. number of symbols and PRBs that result in a range of code rates. Based on our link-level simulation on BLER for PSCCH decoding (simulation assumption is listed in Appendix 9.1, note that AWGN is used since channel effects are included at system level), as shown in Figure 13, given that SINR is at -3dB, code rate of PSCCH with 0.0926, 0.111 and 0.1389 can satisfy the reliability of -10-2, 10-3, 10-5, respectively.
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[bookmark: _Ref16154433]Figure 13. BLER of code rates of PSCCH
Proposal 16: PSCCH should be designed to support different target reliability, e.g. 99%, 99.9% and 99.999%, and therefore corresponding different code rates of PSCCH.
5.1.2 [bookmark: _Ref15891007]PSCCH resource format
It was agreed in RAN1#96 [4] that
· For the purpose of evaluation of PSCCH design, RAN1 assumes 60 bits, 90 bits, 120 bits as the total SCI sizes including 24 bits CRC.
· Other sizes are not precluded.
· QPSK is used for PSCCH.
· The starting symbol and the number of symbols for a PSCCH are assumed to be known to the receiving UE before decoding the PSCCH.
PSCCH should start immediately after AGC symbol in time domain, and at a location starting from the lowest RB index of a sub-channel in the frequency domain to avoid blind detection on starting location of a possible PSCCH.
Proposal 17: PSCCH starts:
· Immediately after AGC symbol in time domain
· From the lowest RB index of a sub-channel in the frequency domain.
Moreover, the duration for PSCCH can be (pre-) configured on a per-resource pool basis so that all UEs utilizing a resource pool needs no blind decoding effort. As discussed in section 2.1, the minimum sub-channel size needs to take into account PSCCH frequency resources size. Given that TDMed PSCCH/PSSCH multiplexing structure is supported, the number of PRBs for a UE transmitting NR PSCCH is dependent upon the duration of NR PSCCH. NR Rel-15 supports a maximum three-symbol length PDCCH. If a sub-channel size is large enough, it is more beneficial to have shorter PSCCH duration to allow faster decoding processing of PSCCH, e.g. a two-symbol length PSCCH. One-symbol length NR PSCCH seems unrealistic, because it demands a very large sub-channel size, up to range of 50-60 PRBs in case of a large SCI size up to 120 bits. Furthermore, unlike PDCCH, the duration of PSCCH can be configured to all symbols for larger PSCCH coverage, so that NR-V2X can provide at least the same coverage as LTE-V2X. Figure 14 shows three configuration of PSCCH duration per resource pool.
[image: ]
[bookmark: _Ref7513644][bookmark: _Ref7513633]Figure 14. Configuration of PSCCH duration in option 3 PSCCH/PSSCH multiplexing structure
Proposal 18: The duration of PSCCH in option 3 multiplexing structure is (pre-)configured on a per-resource-pool basis. 
· 	The PSCCH duration can be set to all available OFDM symbols, three OFDM symbols and two OFDM symbols for sidelink.
Taking into account code rate design of PSCCH, and with the assumption that the size of SCI conveyed in PSCCH is 60 bits, PSCCH resource formats, defined by number of consecutive PRBs in consecutive OFDM symbols for PSCCH, can support following candidates:
	Reliability requirement
	PSCCH resource size with 3 symbols
	PSCCH resource size with 2 symbols
	PSCCH resource size with full symbols in a slot

	99%
	8 RB
	12 RB
	2 RB

	99.9%
	10 RB
	15 RB
	3 RB

	99.999%
	12 RB
	18 RB
	3 RB


In order to reduce UE complexity in terms of blind decodes of PSCCH, and limit them only to the SCI formats rather than across PSCCH formats, a PSCCH format can be (pre-)configured per resource pool.
Proposal 19: The PSCCH resource formats (pre-)configured on a resource pool include following candidates: 
· 	If OFDM symbols = 2, the number of PRBs = {12, 15, 18}.
· If OFDM symbols = 3, the number of PRBs = {8, 10, 12}.
· If OFDM symbols = full symbols in a slot, the number of PRBs = {2, 3, 3}.
5.1.3 2-stage SCI
It was a conclusion in RAN1#97 [3] that
· If two-stage SCI is supported, the following details are used.
· Information related to channel sensing is carried on 1st-stage.
· 2nd-stage is decoded by using PSSCH DMRS.
· Polar coding used for PDCCH is applied to 2nd-stage
· Payload size for 1st-stage in two-stage SCI case is the same for unicast, groupcast, and broadcast in a resource pool.
· After decoding the 1st-stage, the receiver does not need to perform blind decoding of 2nd-stage. 
· FFS other details
Companies are encouraged to perform analysis (e.g., flexibility, complexity, forward compatibility, overhead, spec impact, latency, robustness, reliability, etc.)/evaluations with details of the SCI contents comparing single-stage vs. two-stage SCI. Aim to conclude in RAN1#98
Aggregation level is the number of control channel elements (CCE) used for a PDCCH. It is a means to perform rate adaptation for the PDCCH. For groupcast, the selection of an aggregation level (AL) depends on the worst radio conditions experienced by the UEs in the group. Thus aggregation level can be considered for NR SCI. However, for sensing in mode 2, using different ALs can have a negative impact on the sensing performance. A source UE may select a low AL for PSCCH based on unicast link with the destination UE, but sensing UEs may not be able to decode the PSCCH for this AL. Since sensing is based in part on PSCCH decoding, this affects performance.
On the other hand, for configured grant/TFRP-based PSSCH transmission where there is no SCI present, UEs rely on detection of PSSCH DMRS for sensing purposes, there is no sensing issue on PSCCH decoding failure due to ALs of different transmission links between UEs. In addition, there is no SCI overhead introduction. As shown in [10], encoding information in DMRS can provide higher reliability compared to carrying the same information in SCI, in particular when the payload is small (e.g., several bits).
Hence, two-stage SCI is beneficial, where 1st stage can be obtained by detection of DMRS sequence of the associated PSSCH, indicating AL of 2nd stage SCI carrying additional information for decoding PSSCH.
Proposal 20: Support a ‘2-stage’ SCI procedure where, as the ‘1st stage’, the DMRS sequence in the TFRP of the associated PSSCH, indicates at least the aggregation level of the ‘2nd stage’ SCI, which in turn provides remaining information needed to decode the PSSCH.
In another case where SCI is present, i.e. 1st stage SCI is carried in PSCCH, the 2nd stage SCI has to be multiplexed with PSSCH, and demodulated using PSSCH DMRS. If the 2nd stage SCI is in PSSCH resources in the same OFDM symbols as the 1st stage SCI, it will suffer from power de-boosting of PSSCH resources that is applied to allow boosting of the 1st stage SCI (Part A PSSCH resource in Figure 15). Thus it is better to locate the 2nd stage SCI in symbols which come after the 1st stage SCI, i.e. to rate match it with PSSCH Part B shown in Figure 15.
[image: ]
[bookmark: _Ref14862180]Figure 15. 2nd stage SCI resource mapping
Proposal 21: When PSSCH is used, the 2nd stage SCI is rate matched with PSSCH in the symbols which do not include the 1st stage SCI PSCCH.
5.1.4 DMRS for PSCCH
For the DMRS design of PSCCH, the emphasis needs to be on reliability since the NR V2X reliability targets are high. The DMRS needs to have a high density in time and frequency. The DMRS pattern of PSCCH should be fixed to avoid blind DMRS detection. Thus, we propose to reuse the DMRS design of the NR Uu PDCCH: one out of every 4 subcarriers contains DMRS as shown in Figure 16. 
 [image: ] 
[bookmark: _Ref15978445]Figure 16. PSCCH DMRS pattern
For the sequence of PSCCH DMRS, similar to that of PSSCH DMRS, the pseudo-random sequence in NR Uu should be reused. For the scrambling ID in the generation of DMRS sequence, due to the fact that each UE should be able to decode the PSCCH to obtain the sensing-based information, a common ID, which can be pre-defined in the specification, should be used.
Proposal 22: The PSCCH DMRS can reuse the design of DMRS in NR Uu PDCCH and a common scrambling ID is used for the sequence generation.
PSSCH
5.2.1 Layer mapping
At RAN#96b, a working assumption was taken:
· Transmission of 1 TB with up to 2 layers in a PSSCH is supported.
LTE supports multiple codeword transmission on multiple layers. Depending on the total layer number, each codeword can be mapped to one or more layers. As shown in Figure 17, LTE supports that one codeword is mapped to one layer if the total transmit layers is one or two, which gives a more flexible way to make the link adaptation.
[image: ]
[bookmark: _Ref7010515]Figure 17 codeword to layer mapping supported by LTE
For NR V2X, two TX antennas are supported. Based on the working assumption, two layers are transmitted by two orthogonal polarization antennas, which can result in SINR difference for the two layers at the receiver side. Supporting two codewords for two layers allows independent selection of MCS per layer, and therefore improves transmission efficiency. 
According to our link-level evaluation on 2 layers with 1 and 2 codewords (assuming rank = 2) with the configuration of 2T4R and 10PRBs bandwidth under the channel of urban-loss, as shown in Figure 18. In case of 3 km/h, there is about 1~3.5Mbps throughput gain for 2 codewords comparing to 1 codeword at simulation SNR range. 
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[bookmark: _Ref7786662]Figure 18  throughput comparison between 1 CW and 2 CWs based on two layers
Proposal 23: NR sidelink supports 2 codewords mapped to 2 layers for PSSCH.
5.2.2 MCS tables for PSSCH
NR V2X targets to support higher data rate, from tens of Mbps up to 1 Gpbs [7], a significant improvement over LTE-V. CSI acquisition and HARQ for NR sidelink unicast enables link adaption to varieties of sidelink channel conditions. It can be observed that, based on our system-level simulation on CDF of SNR as shown in Figure 12, for both urban scenario (150m communication range) and highway scenario 
(1000 m communication range), most UEs can support >20 dB SNR, and therefore a higher modulation order of NR-V unicast than that of LTE-V broadcast will provide higher spectrum efficiency. 
Proposal 24: NR V2X supports 256 QAM modulation.
Regarding MCS for PSSCH, NR Rel-15 defines three MCS index tables (CP-OFDM) to support various types of services, e.g. a MCS index table for high data rate, a MCS index table for URLLC use cases. NR-V2X can reuse all the three tables of NR Rel-15.
Similarly, as discussed in section 5.1.1, in order to align code rate design of PSCCH, MCS index table can be configured together with code rate of PSCCH in a resource pool, to meet target requirement of NR V2X services.
Proposal 25: NR V2X reuses all the MCS tables (CP-OFDM) of NR Rel-15 for PSSCH, and is configured per resource pool.
Given the ultra-high reliability and low latency cases in NR sidelink, with support of the configured granted PSSCH where no SCI, we can get better reliability performance [10]. In this case, 3-bit-length MCS index table can be specified, of which MCS index is indicated by the DMRS sequences, as shown in Table 2, based on the modification of existing MCS table for NR Rel-15 URLLC PDSCH. 
Proposal 26: NR V2X defines a MCS index table for PSSCH where no SCI is present, as follows:
[bookmark: _Ref16003622][bookmark: _Ref16003615]Table 2 MCS index table for configured granted PSSCH where no SCI
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	64
	0.1250

	1
	2
	157
	 0.3066

	2
	2
	308
	0.6016

	3
	2
	602
	 1.1758

	4
	4
	434
	 1.6953

	5
	4
	616
	 2.4063

	6
	6
	567
	 3.3223

	7
	6
	772
	 4.5234



5.2.3 [bookmark: _Ref15890999]Compact PSSCH for CSI report
According to 5G V2X WID [1]:
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission
If destination UE has data to transmit back to the source UE, CSI report can be delivered together with data in PSSCH. However, there can be a special case when the destination UE has no data to transmit to the source UE. In this case, CSI report with the PSSCH format should be allocated with smallest physical resources, rather than the sub-channel (size can be very large, e.g. tens of PRBs) being allocated for real V2X traffic data transmission. For a few bits CSI report, this means significant resource overhead. 
A compact PSSCH with fixed resource format can be considered: 1-PRB with full sidelink symbols for CSI report in PSSCH, and is FDMed with its associated PSCCH of which resource format is 2-PRB with full OFDM symbols as described in section 5.1.2. A UE can be (pre-)configured a dedicated resource pool for the compact PSSH, as shown in Figure 19, and details are discussed in [8].
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[bookmark: _Ref14946915]Figure 19 Compact PSSCH for CSI report only
Proposal 27: Support a PSSCH format with one PRB in all sidelink symbols in a slot, which is FDMed with its associated 2-PRB PSCCH, to be sent on 3-PRB subchannel of a (pre-)configured resource pool.
5.2.4 [bookmark: _Ref16865682]DMRS for PSSCH
For NR Uu, the DMRS can be front-loaded in order to accelerate the decoding process. Front-loaded DMRS has advantages when very low latency is required. On the other hand, non-front-loaded DMRS can achieve better link performance when in presence of high Doppler shifts, without the need for additional DMRS symbols. Thus, it makes sense to support both configurations: front-loaded DMRS for the low latency cases, and non-front loaded for the high Doppler cases.
Proposal 28: For PSSCH, both front-loaded DMRS and non-front-loaded DMRS are supported.
Given the difference between broadcast and unicast/groupcast, and in order to reduce the UE complexity, a defined configuration of PSSCH DMRS in time domain should be used for the broadcast traffic with respect to the subcarrier spacing. For unicast and groupcast, depending on the radio conditions, SCS, slot formats, etc., multiple DMRS patterns can be supported to provide efficient unicast/groupcast transmission. Configuration should be at resource pool level so that all UEs are able to detect the DMRS in use by other UEs without blind detection of DMRS pattern.
Proposal 29: DMRS for PSSCH in time domain:
· For the broadcast transmission, the DMRS symbols are fixed and are dependent on the numerology.
· For unicast/groupcast, multiple DMRS pattern can be supported.
For the DMRS design for PDSCH in NR Uu, Type 1 DMRS has a higher density in frequency domain and can achieve more accurate channel estimation when the subcarrier spacing is not large. Type 2 DMRS has a lower density and achieves better tradeoff between channel estimation performance and spectrum efficiency especially when the subcarrier spacing is large. The NR sidelink has similar characteristics in this respect to the NR DL, and although there is no need to support all the DL configurations, these essential features should be preserved.
Considering that only CP-OFDM is supported in NR V2X, the FDM of DMRS and PSSCH within a symbol should be supported to increase the spectral efficiency. Similar to the consideration for DMRS pattern in time domain, the DMRS type can be configured or preconfigured for the resource pool in NR V2X. 
 Proposal 30: For DMRS configuration of PSSCH, support:
· Configuration based on both Type-1 and Type-2 DMRS in NR Rel-15.
· FDM of DMRS and PSSCH within a symbol.
5.2.4.1 Time domain
For NR Uu, front-loaded DMRS is supported for PDSCH in order to accelerate the decoding process. However, the main drawback of the front-loaded DMRS is that it cannot cope well with high Doppler shifts. Thus additional DMRS symbols are needed, which leads to increased overhead. For example, when the carrier frequency is 6 GHz and the speed is 500 km/h, the Doppler shift is 2.78 kHz and the corresponding coherence time is 0.15 ms. With a 60 kHz SCS, only the front-loaded DMRS symbol cannot ensure accurate channel estimation for the whole slot duration. On the other hand, one DMRS symbol is enough for the non-front-loaded DMRS, as shown in Figure 20.
[image: ]
[bookmark: _Ref15976598]Figure 20. Comparison between front-loaded DMRS and non-front-loaded DMRS 
In order to quantify the performance impact of using front-loaded vs. non-front loaded DMRS, we evaluate the performance for these two configurations for 60 kHz subcarrier spacing. For 60 kHz, one DMRS symbol is used. Note that this is a fair comparison, since the pilot density in time is the same for both SCS. Link level simulation results are shown in Figure 21 with the link simulation assumptions of Annex 9.1. It can be seen that when the speed is 500 km/h, non-front-loaded DMRS can achieve better performance than front-loaded DMRS. Also, the number of DMRS symbols benefits in being adapted according to the conditions, since 1 DMRS symbol is not always enough.
[image: ]
[bookmark: _Ref15976705]Figure 21 Performance comparison for front-loaded DMRS and non-front-loaded DMRS with SCS=60 kHz. 
Note however that front-loaded DMRS can accelerate the decoding process when PSSCH and PSCCH are TDM-ed. Thus, it can be useful for some multiplexing options of PSSCH and PSCCH. We propose to support both non-front-loaded DMRS and front-loaded DMRS. 
Proposal 31: For PSSCH, both front-loaded DMRS and non-front-loaded DMRS are supported.
In NR V2X, multiple DMRS patterns in time domain will be supported to deal with different numerologies and channel conditions. The subcarrier spacing of the V2X slot should be taken into account since increasing the subcarrier spacing shortens the symbol. For LTE-V2X, it was shown that four vertical DMRS symbols in one slot ensured successful demodulation for broadcast traffic, thus one symbol every ¼ ms can be taken as the baseline. This leads to the multiple DMRS configurations for non-front loaded DMRS, shown in Figure 22. The DMRS symbols are located so that they are evenly spaced in the slot. 
[image: ]
[bookmark: _Ref16927528]Figure 22 Examples of the non-front loaded DMRS patterns with respect to different subcarrier spacing
Generally, the UE may receive messages from UEs in different cells. For the broadcast transmission, it is not motivated to provide low latency and high reliability, and Uu-SL multiplexing within a slot is not necessary. Hence a UE transmitting broadcast transmission should use all OFDM symbols in a slot for a sidelink. In order to reduce the complexity of receiving more than one broadcast service, for each SCS, there is one fixed DMRS pattern which is predefined in the specification. Table 3 and Table 4 provide the pre-defined patterns for front-loaded DMRS and non-front-loaded DMRS, respectively. 
[bookmark: _Ref15976838][bookmark: _Ref15976825]Table 3: Pre-defined front-loaded DMRS patterns of PSSCH in time domain for broadcast in NR V2X (Normal CP length)
	SCS
	DMRS positions

	
	0
	1
	2
	3
	4

	60kHz
	1
	9
	
	
	

	30kHz
	1
	6
	11
	
	

	15kHz
	1
	4
	7
	10
	13



[bookmark: _Ref15976848]Table 4: Pre-defined non-front-loaded DMRS patterns of PSSCH in time domain for broadcast in NR V2X (Normal CP length)
	SCS
	DMRS positions

	
	0
	1
	2
	3

	60kHz
	6
	
	
	

	30kHz
	4
	9
	
	

	15kHz
	2
	5
	8
	11


We then provide the performance for different DMRS patterns in time domain for different subcarrier spacing in Figure 23. It can be seen that 4 non-front-loaded or 5 front-loaded DMRS symbols of one slot in 15 kHz can achieve expected performance for the speed up to 500 km/h. A similar observation can be made in the case of 2 non-front-loaded or 3 front-loaded DMRS symbols for 30 kHz, and in the case of 1 non-front-loaded or 2 front-loaded DMRS symbols for 60 kHz. For broadcast transmission, where the speed of the receivers are unknown, the transmitting UE needs to use a number of DMRS to make sure that the receivers can decode the message no matter what their speed is. Thus, it makes sense to use a fixed location for the DMRS symbols according to the SCS used.
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[bookmark: _Ref15976918]Figure 23. Performance of various DMRS patterns in time domain. (a)(b)(c) and (d)(e)(f) correspond to non-front-loaded and front-loaded DMRS patterns, respectively.
Proposal 32: For the broadcast transmission, there is one pre-defined DMRS pattern in time domain for each SCS.
For unicast/groupcast, multiple DMRS patterns in time domain need to be supported in order to enable high reliability services under a wide range of UE (relative) speeds and channel conditions. For a resource pool, multiple DMRS patterns are supported in order to deal with various transmitting conditions. Generally, a default DMRS configuration including the DMRS pattern in time-domain can be (pre-)configured for a resource pool, which can be done through the RRC signaling. When certain event which can trigger the switch of the DMRS time-domain pattern happens (e.g., vehicular mobility characteristics such as heading or speed change sufficiently), the TX UE can send the SCI to the RX UE and the possible sensing UEs, to update this DMRS configuration for its transmissions with respect to the DMRS time domain pattern, shown in Figure 24. Note that this SCI can be sent either in a one-shot manner or in a semi-persistent manner (i.e., for reliable sensing procedure). 
[image: ]
[bookmark: _Ref16927552]Figure 24 DMRS configuration and updating
[bookmark: _GoBack]Table 5 and Table 6 provide the various DMRS patterns in time domain, where the parameter N is the PSSCH duration in symbols. Since there will be time/frequency error in practical scenarios, other reference signals such as TRS can be further configured when the time/frequency offset estimation based on the DMRS is not sufficient.
Proposal 33: For unicast/groupcast, various DMRS patterns are provided in the following two tables
· A default DMRS configuration including the time-domain pattern can be configured for a resource pool
· SCI can be used to update the DMRS configuration with respect to the time-domain pattern, and be sent on a one-shot manner or on a semi-persistent manner.
[bookmark: _Ref15977407][bookmark: _Ref15977402]Table 5. Patterns in time domain for the front-loaded DMRS
	Pattern index
	DMRS positions

	
	0
	1
	2
	3
	4

	1
	1
	
	
	
	

	2
	1
	4
	
	
	

	3
	1
	6
	
	
	

	4
	1
	9
	
	
	

	5
	1
	4
	7
	
	

	6
	1
	6
	11
	
	

	7
	1
	4
	7
	10
	

	8
	1
	4
	7
	10
	13


[bookmark: _Ref15977419]
Table 6. Patterns in time domain for the non-front-loaded DMRS
	Pattern index
	DMRS positions

	
	0
	1
	2
	3

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	


5.2.4.2 Frequency domain
For DMRS pattern in frequency domain, in LTE V2X, the DMRS sequence occupies all the REs in the symbol containing DMRS. This leads to a high pilot density in the frequency domain, thus is not desirable. For the DMRS design for PDSCH in NR Uu, two DMRS types in frequency domain are supported. Type 1 DMRS has a higher density in frequency domain and can achieve more accurate channel estimation when the subcarrier spacing is not large. Type 2 DMRS has a lower density and achieves better tradeoff between channel estimation performance and spectrum efficiency especially when the subcarrier spacing is large. 
We evaluate the performance of different DMRS patterns in frequency domain in Figure 25. It can be seen that type 2 DMRS pattern achieves nearly the same performance as type 1 DMRS for 60 kHz. On the other hand, type 2 DMRS has less density in frequency domain and results in higher spectrum efficiency.  For example, when 4 DMRS symbols are applied in 15 kHz, type 2 DMRS can achieve nearly 7% increase in spectrum efficiency compared with type-1 DMRS. 
	[image: C:\Users\g00165235\AppData\Roaming\eSpace_Desktop\UserData\g00443958\imagefiles\D2BC4ABE-1A97-4203-AA6F-2ADC92F1E2EB.png]
(a)
	 [image: C:\Users\g00165235\AppData\Roaming\eSpace_Desktop\UserData\g00443958\imagefiles\CD45DF0D-8390-41FF-B85D-018ACCC42575.png]
(b)


[bookmark: _Ref15977570]Figure 25. Performance of various DMRS pattern in frequency domain
Observation 1: When subcarrier spacing is 15 kHz or 30 kHz, type 1 DMRS achieves better performance than type 2 DMRS; when subcarrier spacing is 60 kHz, the performance of type 1 DMRS and type 2 DMRS is nearly the same. 
Considering that only CP-OFDM is supported in NR V2X, the FDM of DMRS and PSSCH within a symbol should be supported to increase the spectral efficiency. For DMRS with multiple ports, the multiplexing of different DMRS ports in PSSCH can be based on that of NR PDSCH DMRS. More specifically, the CDM of different DMRS ports is at least supported for PSSCH. For the DMRS with more than two ports, the TDM scheme can be further supported. In Figure 26, we provide the illustration of the PSSCH DMRS in frequency domain. 
[image: ]
[bookmark: _Ref15977867]Figure 26. DMRS type in frequency domain for NR-V2X
Different from the DMRS pattern in time domain, the DMRS type in frequency domain does not need to change dynamically because the choice of the DMRS type mainly depends on the SCS. Thus, the DMRS type should be configured or pre-configured for the resource pool. 
Proposal 34: For DMRS type of PSSCH in frequency domain, support:
· Both Type 1 and Type 2 DMRS in NR Rel-15.
· The DMRS type in frequency domain is configured or pre-configured for the resource pool
· At least CDM of different DMRS ports is supported
· FDM of DMRS and PSSCH within a symbol.
5.2.4.3 DMRS sequence
We then consider the PSSCH DMRS sequence which can be based on the design of PDSCH DMRS sequence. Since the waveform of NR V2X is CP-OFDM, the pseudo-random sequence should be used for PSSCH DMRS, which is the same as PDSCH DMRS. For the DMRS sequence generation, the scrambling ID is contained in the generation of  in PDSCH. This scrambling ID can be configured by gNB or be the cell ID. While in NR V2X, neither the configurable ID nor the cell ID is suitable because both in-coverage scenario and out-of-coverage scenario need to be supported. It is reasonable that a common ID is used for the PSSCH DMRS generation and this common ID can be pre-defined in the specification. Furthermore, we can embed some extra information in the generation of  to save the signaling for SCI and the equation of  is show as below:

where  is the number of OFDM symbols per slot,  is the slot number within a frame,  is the OFDM symbol number within the slot,  is the common scrambling ID and  stands for the extra information embedded in the DMRS sequence. This extra information can be priority or MCS or other possible indication information.
Proposal 35: For the sequence of PSSCH DMRS, the pseudo-random sequence in NR Uu is reused
· Common scrambling ID is used for the sequence generation
· Extra information can be embedded in the sequence.
 PSFCH
It was agreed in RAN1#96b [4] that:
· A sequence-based PSFCH format with one symbol (not including AGC training period) is supported.
· This is applicable for unicast and groupcast including options 1/2.
· Sequence of PUCCH format 0 is the starting point.
· FFS: 1 PRB or multiple PRBs is/are used for this PSFCH format
· FFS: feasible number of HARQ-ACK bits, mapping of HARQ-ACK bit 
· FFS whether to support the following formats
· X-symbol PSFCH format with a repetition of the one-symbol PSFCH format (not including AGC training period).
· E.g. X=2
· A PSFCH format based on PUCCH format 2
· A PSFCH format spanning all available symbols for sidelink in a slot
· At least for the case when the PSFCH in a slot is in response to a single PSSCH:
· Implicit mechanism is used to determine at least frequency and/or code domain resource of PSFCH, within a configured resource pool. At least the following parameters are used in the implicit mechanism
5.3.1 [bookmark: _Ref15999319]PSFCH format 0
This is a sequence-based PSFCH format with one symbol, PSSCH resource allocation is based on sub-channel consisting of a number resource blocks and a PSSCH transmission may occupy more than one sub-channel depending on payload size. A PSFCH conveying only ACK/NACK requires very small resources. Hence the resources allocated for PSCCH/PSSCH and associated PSFCH can vary significantly. There are three options for PSFCH/PSSCH multiplexing: 
· Opt. 1: PSFCH use exactly the same sub-channels of the associated PSSCH
· Opt. 2: PSFCH uses parts of the sub-channels of the associated PSSCH
· Opt. 3: PSFCH(s) use sub-channels which are allocated to un-associated PSSCH
Opt.1 is simple and easy for sequence-based ACK/NACK to reuse sub-channel(s) of associated PSSCH. 
For Opt. 2, one of the issues is that the PSFCH may not necessarily need to use all the frequency resource of its associated PSSCH. In addition, as shown in 错误!未找到引用源。, there may be some efforts to re-allocate the unused resources, for example, for PSCCH/PSSCH transmission, but this implies all the effort of introducing sidelink mini-slots. In addition, re-allocation of unused resources for PSCCH/PSSCH transmission leads to blind decodes complexity on top of option 3 PSCCH/PSSCH multiplexing structure and hence sensing complexity in mode 2. 
With Opt. 3, PSFCHs transmitted by different UEs can be allocated together into a small number of sub-channels. This requires explicit signaling, e.g. SCI, to indicate PSFCH resources, which violates the agreement made in RAN1#97 meeting.
Consequently, we propose to adopt Opt 1 due to simplicity and least standard efforts. In this case, we needs to modify NR Rel-15 PUCCH format 0 to use scalable PRBs for transmitting a sequence-based PSFCH format with one symbol, which can be defined as PSFCH format 0. As illustrated in Figure 27, the ACK/NACK sequence length is always equal to the sub-channel size configured in a resource pool. 
· If the associated PSSCH is allocated with one sub-channel, a UE transmits PSFCH in the sub-channel. 
· If the associated PSSCH is allocated with multiple sub-channels, there are two cases:
· Case 1: in case of unicast or groupcast option 1, a UE can transmit PSFCH spanning all sub-channels of associated PSSCH. The ACK/NACK sequence is repeated per sub-channel. This repetition can enhance PSFCH reliability.
· Case 2: in case of groupcast option 2, a member UE of a group uses one sub-channel out of all sub-channels allocated to its associated PSSCH to feedback its own ACK/NACK sequence. Figure 27 (Case 2) shows that {UE1, UE2,…,UEN} transmit PSFCH on the 1st sub-channel with the ACK/NACK, {UEN+1, UEN+2,…,UE2N} transmit PSFCH on the 2nd sub-channel, and so on. Optionally, A/N sequence of a UE can be repeated per sub-channel, i.e. a PSFCH can span multiple sub-channels, similarly as in Case 1 for reliability enhancement, as long as there is enough PSFCH resource. Our companion paper discusses the details of using PSFCH resource for groupcast option 2 [9]. 
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[bookmark: _Ref14866244]Figure 27. PSFCH format 0
Proposal 36: PSFCH format 0 is defined as sequence-based format with scalable number of PRBs equal to the size of at least one sub-channel of the associated PSSCH in PRBs with one OFDM symbol.
5.3.2 [bookmark: _Ref15994502]PSFCH format 1
For cases where fast feedback is not needed, the PSFCH can be mapped to all available OFDM symbols for sidelink of a slot. This can be viewed as a “long PSFCH format”, mirroring the NR Uu terminology for PUCCH format 1. 
In frequency domain, unlike short PSFCH, the frequency resource of long PSFCH format can be small enough to convey ACK/NACK only, i.e. the PSFCH is not necessary constrained by the associated PSSCH sub-channel(s), e.g. 2 PRBs for long PSFCH format. Taken into account AGC performance, one PRB may result in longer settling time (needs RAN4’s evaluation for exact minimum number of PRBs), a PSFCH format with 2-PRB in all sidelink symbols within a slot can be considered as PSFCH format 1.
For example, if a sub-channel size is 10 RBs. The time-frequency resource for transmitting PSFCH format 0 would be 1 symbol * 10 RB * 12 = 120 REs, in addition to 2 symbols (Tx/Rx switching and AGC for PSFCH) * 10 RB * 12 = 240 REs overhead, i.e. total of 360 REs. The short PSFCH format is larger than that of long PSFCH format (total of 13 symbol * 2 RB * 12 = 312 REs. From the system perspective, Table 7 summarizes the resources required in total for short and long PSFCH formats. Assuming that a 40MHz B/W resources pool is configured with 30 kHz SCS, a 10-PRB sub-channel size and total 10 sub-channels.
[bookmark: _Ref7615652]Table 7 Short PSFCH versus Long PSCFH format (normal CP length, sidelink-only slot)
	PSFCH format
	Short PSFCH format
	Long PSFCH format

	SFCI content
	ACK/NACK
	ACK/NACK

	SFCI bits
	1
	1

	format
	ZC sequence
	ZC sequence

	symbol duration of SFCI
	1
	6

	REs used for SFCI
	sub-CH size *
total number of sub-CHs* number of SFCI symbols * REs/RB = 10 * 10 * 12 = 1200
	sub-CH size * number of dedicated sub-CHs for PSFCH * number of SFCI symbols * REs/RB = 10 * 2 * 6 * 12 =1440

	REs used for overhead
	sub-CH size *
number of sub-CHs* 2 (AGC + Tx/Rx Switching symbols) * REs/RB = 10 * 10 * 2 * 12 = 2400
	sub-CH size * number of dedicated sub-CHs for PSFCH * 7 (AGC + DRMS) * REs/RB = 10 * 2* 7 * 12 = 1680

	Total REs (SFCI + overhead)
	3600
	3120


It might appear at a cursory glance that using a short format PSFCH would always means fewer REs than a long format PSFCH in NR Uu. This is not true in NR V2X, because PSCCH/PSSCH resource allocation is based on sub-channels. If larger sub-channel size and the number of sub-channels are configured, the better resource efficiency can be achieved by the long PSFCH format. In addition, some companies propose to have PSFCH symbol repeated for coverage enhancement, this will further degrade system resources utilization efficiency. Instead, in case of coverage constraints, long PSFCH format should be used. 
Similarly as PSFCH format 0, when resource allocation for PSSCH is more than one sub-channel, long PSFCH format can use multiple 2-PRBs where A/N sequence is repeated per 2-PRBs.
Proposal 37: PSFCH format 1 is defined as sequence-based format to occupy all OFDM symbols for sidelink in a slot with one or multiple 2-PRBs.
PSCCH/PSSCH/PSFCH multiplexing
5.4.1 PSCCH/PSSCH multiplexing 
It was agreed in RAN1#96b [4] that:
· The starting symbol and the number of symbols for a PSCCH are assumed to be known to the receiving UE before decoding the PSCCH.
There was a working assumption taken in RAN1#95 错误!未找到引用源。:
· Regarding PSCCH / PSSCH multiplexing, at least option 3 is supported for CP-OFDM.
· RAN1 assumes that transient period is not needed between symbols containing PSCCH and symbols not containing PSCCH in the supported design of option 3.
· FFS how to determine the starting symbol of PSCCH and the associated PSSCH
· FFS for other options, e.g. whether some of them are supported to increase PSCCH coverage.
Option 3 achieves the highest resource utilization efficiency among all proposed TDM options. It is beneficial that the duration of PSCCH can be configured to all symbols, with no transient period required and no impact on AGC settling, to provide large PSCCH coverage, at least to provide PSCCH coverage as of LTE-V2X. In addition, due to TDMed PSCCH and PSSCH, frequency domain resource allocation of PSCCH transmission is much larger than that of FDMed PSCCH and PSSCH, and this potentially enlarges sub-channel size of a resource pool and therefore may result in resource inefficiency (small PSSCH payload with larger sub-channel size) and scheduling inflexibility. In LTE-V, with FDMed structure, a minimum 5-PRB sub-channel size (adjacent PSCCH and PSSCH) can supported, and NR-V2X can reuse this configuration. (Pre-)Configuration of PSCCH/PSSCH multiplexing can be done at resource pool level.
Proposal 38: Support option 3 PSCCH/PSSCH multiplexing, and allow PSCCH duration to be set to all available OFDM symbols for sidelink (i.e. option 3 to be configured to option 2).
Moreover, in case of PSCCH scheduling associated PSSCH, the PSCCH and associated PSSCH should always be transmitted within one slot, i.e. PSCCH should not schedule multiple associated PSSCH in multiple slots. Unlike for the Uu link where a PDCCH is unlikely to be interrupted, a sidelink UE is more likely to mis-decode the PSCCH due to UE autonomous operation without coordination of the network as well as half-duplex constraints (e.g. a UE may be scheduled/configured to transmit UL/SL in any slot and hence cannot receive a SCI in that slot, where such a SCI schedules multiple PSSCHs in multiple aggregated slots). Thus mis-decoding of a SCI which schedules associated PSSCHs in multiple slots results in significant negative impact on overall system performance. However, in case when no SCI is present, scheduling of PSSCHs are configured granted, every PSSCH slots can be reliably separately decoded [10].
Proposal 39: When PSSCH has an associated PSCCH, they are transmitted in the same slot.
5.4.2 PSCCH/PSSCH and PSFCH multiplexing 
It was agreed in RAN1#96b [4] that:
· At least for transmission perspective of a UE in a carrier, at least TDM between PSCCH/PSSCH and PSFCH is allowed for a PSFCH format for sidelink in a slot.
· FFS whether it is also applicable from system/resource pool perspective or not
· i.e., in this case, there is no simultaneous transmission of PSCCH and PSFCH and there is no simultaneous transmission of PSSCH and PSFCH.
· FFS TDM/FDM between PSCCH/PSSCH and other PSFCH format(s), if supported, which is/are different from the PSFCH format which uses last symbol(s) available for sidelink in a slot
It was agreed in RAN1# AH1901 [6] that:
· For determining the resource of PSFCH containing HARQ feedback, support that the time gap between PSSCH and the associated PSFCH is not signaled via PSCCH at least for modes 2(a)(c)(d) (if respectively supported) 
· FFS whether or not to additionally support other mechanism(s) for modes 2(a)(c)(d)
· FFS for mode 1

It was agreed in RAN1#97 [3] that:
· At least for the case when the PSFCH in a slot is in response to a single PSSCH:
· Implicit mechanism is used to determine at least frequency and/or code domain resource of PSFCH, within a configured resource pool. At least the following parameters are used in the implicit mechanism:
· Slot index (FFS details) associated with PSCCH/PSSCH/PSFCH
· Sub-channel(s) (FFS details) associated with PSCCH/PSSCH
· Identifier (FFS details) to distinguish each RX UE in a group for Option 2 groupcast HARQ feedback
· FFS detailed applicability of the above parameters 
· FFS: Other parameters (e.g. SL-RSRP/SINR, Layer-1 source ID, location information, etc.)

Resource of PSFCH can be determined by its associated PSSCH in a resource pool, with no L1 signaling for time gap indication or explicit frequency and/or code domain resource indication. 
In time domain, a desired time gap, i.e. K, between PSFCH and associated PSSCH needs to be (pre-)configured on a resource pool (e.g. based on services and UE capability) so that UEs communicating in that resource pool are all aware of K, i.e. a PSFCH will always be fed back in n+K slots after its associated PSSCH transmitted in slot n, if there is PSFCH resources; otherwise, in slot n+a, where there is earliest PSFCH resource after slot n+K, and in this case a is the actual time gap.
In frequency domain, dedicated sub-channel(s) can be (pre-)configured within a resource pool, so that within dedicated sub-channels, PSFCHs from different UEs are multiplexed simultaneously, in a minimum of 2-PRB level allocation. The frequency mapping between sub-channel-based PSSCH and 2-PRB-based PSFCH can be arranged so that one sub-channel PSSCH always associates to the dedicated 2-PRB PSFCH within the resource pool, which is known to all UEs unitizing that resource pool. Figure 28 shows an example of a resource pool configuration on PSFCH and associated PSCCH/PSSCH. 
[image: ]
[bookmark: _Ref5868294]Figure 28. Long PSFCH and associated PSSCH (Sub-CH* is a dedicated sub-channel for PSFCH)
Proposal 40: From a system perspective, PSCCH/PSSCH and long format PSFCH are FDMed:
· The desired time gap, K, between a long format PSFCH and its associated PSCCH/PSSCH is (pre-)configured per resource pool.
· The frequency relationship between a long format PSFCH and its associated PSCCH/PSSCH is determined per resource pool.
Other reference signals
CSI-RS
At RAN1#96 [5], the following working assumption on RS related to CSI was reached:
· There is no standalone RS transmission dedicated to CSI reporting in Rel-16
The CSI-RS is jointly transmitted with the PSSCH. The CSI-RS can be located in the last few symbols of the slot containing PSSCH and within the bandwidth of PSSCH for better channel estimation. Besides CSI reporting, other functionalities related to CSI-RS, e.g., time/frequency tracking and RLM, should also be considered. For SL TRS, the design principle of NR Uu TRS can be the baseline, i.e. being configured as a CSI-RS resource set, and higher density in time and frequency can be considered. In addition, SL CSI-RS can take the NR Uu CSI-RS as the baseline while adopting select features from NR Uu SRS.
Our companion paper provide a comprehensive discussion on CSI-RS [8]. 
Proposal 41: CSI-RS (incl. TRS), transmitted with PSSCH is supported for sidelink transmission.
Other RSs
Two other RSs have been discussed: the AGC sequence and the PTRS. 
For PTRS, the SL design can be based on that of the Uu PTRS.
Proposal 42: The design of SL PTRS is based on the PTRS design of NR Uu.
For the AGC sequence, in our view, in any case, a single AGC symbol is sufficient for AGC settling time for all SCS without any AGC training sequence. We do not see that a significant benefit in settling time is observed with an AGC sequence (i.e. all but guaranteeing convergence within a symbol duration for all cases), and therefore there is no need to introduce such a sequence.
Proposal 43: An AGC training signal needs not be standardized.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution has provided our view on sidelink physical layer structure for NR V2X:
Proposal 1: A resource pool always consists of contiguous PRBs.
Proposal 2: The minimum sub-channel size configured in a resource pool is equal to or larger than the number of PRBs for a UE to transmit PSCCH.
Proposal 3: A sidelink-only slot can be used for transmission of PSCCH/PSSCH only, or PSFCH only, or both PSCCH/PSSCH and PSFCH.
Proposal 4: The NR slot configuration allows the first subset of consecutive symbols in a slot to be used for PDCCH carrying a sidelink DCI, and the last subset of consecutive symbols in the slot to be used for PSCCH/PSSCH.
Proposal 5: The NR slot configuration allows the first subset of consecutive symbols in a slot to be used for PSFCH carrying SFCI, and the last subset of consecutive symbol(s) in the slot to be used for PUCCH e.g. carrying SR.
Proposal 6: In a shared carrier, both uplink and flexible slots/symbols can be directly configured by gNB to sidelink slots/symbols.
Proposal 7: Uplink and flexible symbols/slots configured on a cell-specific basis can be overwritten as 'sidelink' by cell-/UE-specific signaling on a resource pool basis.
· For a subset of consecutive sidelink symbols in a slot, the location of the first sidelink symbol and the number of following consecutive sidelink symbols are configured
Proposal 8: A cell-/UE-specific (pre)configuration is supported for a resource pool with the following parameters:
· Sub-channel size, i.e. number of contiguous RBs in a sub-channel.
· Number of contiguous sub-channels.
Proposal 9: A resource pool can support any combination of unicast, groupcast, and broadcast transmissions.
Proposal 10: Common resource pools and UE-dedicated resource pools can be (pre-)configured.
Proposal 11: Simultaneous transmission on UL BWP and SL BWP in a carrier is supported for a UE depending on UE capability when the same numerology is used for both BWPs.
Proposal 12: SL BWP configuration is based on point A and common resource block per numerology.
Proposal 13: PRB index is defined within a SL BWP.
Proposal 14: The granularity of SL BWP start and length configurations is PRB level.
Proposal 15: RAN1 to send an LS asking RAN4:
· The minimum number of PRBs allocation for a sidelink transmission, e.g. 1, 2, 3 or 4 PRBs, so that one symbol is sufficient for AGC settling time for all SCSs.
· To conclude their evaluation of AGC settling time for 120 kHz SCS.
Proposal 16: PSCCH should be designed to support different target reliability, e.g. 99%, 99.9% and 99.999%, and therefore corresponding different code rates of PSCCH.
Proposal 17: PSCCH starts:
· Immediately after AGC symbol in time domain
· From the lowest RB index of a sub-channel in the frequency domain.
Proposal 18: The duration of PSCCH in option 3 multiplexing structure is (pre-)configured on a per-resource-pool basis. 
· 	The PSCCH duration can be set to all available OFDM symbols, three OFDM symbols and two OFDM symbols for sidelink.
Proposal 19: The PSCCH resource formats (pre-)configured on a resource pool include following candidates: 
· 	If OFDM symbols = 2, the number of PRBs = {12, 15, 18}.
· If OFDM symbols = 3, the number of PRBs = {8, 10, 12}.
· If OFDM symbols = full symbols in a slot, the number of PRBs = {2, 3, 3}.
Proposal 20: Support a ‘2-stage’ SCI procedure where, as the ‘1st stage’, the DMRS sequence in the TFRP of the associated PSSCH, indicates at least the aggregation level of the ‘2nd stage’ SCI, which in turn provides remaining information needed to decode the PSSCH..
Proposal 21: When PSSCH is used, the 2nd stage SCI is rate matched with PSSCH in the symbols which do not include the 1st stage SCI PSCCH.
Proposal 22: The PSCCH DMRS can reuse the design of DMRS in NR Uu PDCCH and a common scrambling ID is used for the sequence generation.
Proposal 23: NR sidelink supports 2 codewords mapped to 2 layers for PSSCH.
Proposal 24: NR V2X supports 256 QAM modulation.
Proposal 25: NR V2X reuses all the MCS tables (CP-OFDM) of NR Rel-15 for PSSCH, and is configured per resource pool.
Proposal 26: NR V2X defines a MCS index table for PSSCH where no SCI is present, as follows:
Table 8 MCS index table for configured granted PSSCH where no SCI
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency

	0
	2
	64
	0.1250

	1
	2
	157
	 0.3066

	2
	2
	308
	0.6016

	3
	2
	602
	 1.1758

	4
	4
	434
	 1.6953

	5
	4
	616
	 2.4063

	6
	6
	567
	 3.3223

	7
	6
	772
	 4.5234


Proposal 27: Support a PSSCH format with one PRB in all sidelink symbols in a slot, which is FDMed with its associated 2-PRB PSCCH, to be sent on 3-PRB subchannel of a (pre-)configured resource pool.
Proposal 28: For PSSCH, both front-loaded DMRS and non-front-loaded DMRS are supported.
Proposal 29: DMRS for PSSCH in time domain:
· For the broadcast transmission, the DMRS symbols are fixed and are dependent on the numerology.
· For unicast/groupcast, multiple DMRS pattern can be supported.
Proposal 30: For DMRS configuration of PSSCH, support:
· Configuration based on both Type-1 and Type-2 DMRS in NR Rel-15.
· FDM of DMRS and PSSCH within a symbol.
Proposal 31: For PSSCH, both front-loaded DMRS and non-front-loaded DMRS are supported.
Proposal 32: For the broadcast transmission, there is one pre-defined DMRS pattern in time domain for each SCS.
Proposal 33: For unicast/groupcast, various DMRS patterns are provided in the following two tables
· A default DMRS configuration including the time-domain pattern can be configured for a resource pool
· SCI can be used to update the DMRS configuration with respect to the time-domain pattern, and be sent on a one-shot manner or on a semi-persistent manner.
Table 9. Patterns in time domain for the front-loaded DMRS
	Pattern index
	DMRS positions

	
	0
	1
	2
	3
	4

	1
	1
	
	
	
	

	2
	1
	4
	
	
	

	3
	1
	6
	
	
	

	4
	1
	9
	
	
	

	5
	1
	4
	7
	
	

	6
	1
	6
	11
	
	

	7
	1
	4
	7
	10
	

	8
	1
	4
	7
	10
	13



Table 10. Patterns in time domain for the non-front-loaded DMRS
	Pattern index
	DMRS positions

	
	0
	1
	2
	3

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	


Observation 1: When subcarrier spacing is 15 kHz or 30 kHz, type 1 DMRS achieves better performance than type 2 DMRS; when subcarrier spacing is 60 kHz, the performance of type 1 DMRS and type 2 DMRS is nearly the same.
Proposal 34: For DMRS type of PSSCH in frequency domain, support:
· Both Type 1 and Type 2 DMRS in NR Rel-15.
· The DMRS type in frequency domain is configured or pre-configured for the resource pool
· At least CDM of different DMRS ports is supported
· FDM of DMRS and PSSCH within a symbol.
Proposal 35: For the sequence of PSSCH DMRS, the pseudo-random sequence in NR Uu is reused
· Common scrambling ID is used for the sequence generation
· Extra information can be embedded in the sequence.
Proposal 36: PSFCH format 0 is defined as sequence-based format with scalable number of PRBs equal to the size of at least one sub-channel of the associated PSSCH in PRBs with one OFDM symbol.
Proposal 37: PSFCH format 1 is defined as sequence-based format to occupy all OFDM symbols for sidelink in a slot with one or multiple 2-PRBs
Proposal 38: Support option 3 PSCCH/PSSCH multiplexing, and allow PSCCH duration to be set to all available OFDM symbols for sidelink (i.e. option 3 to be configured to option 2).
Proposal 39: When PSSCH has an associated PSCCH, they are transmitted in the same slot.
Proposal 40: From a system perspective, PSCCH/PSSCH and long format PSFCH are FDMed:
· The desired time gap, K, between a long format PSFCH and its associated PSCCH/PSSCH is (pre-)configured per resource pool.
· The frequency relationship between a long format PSFCH and its associated PSCCH/PSSCH is determined per resource pool.
Proposal 41: CSI-RS (incl. TRS), transmitted with PSSCH is supported for sidelink transmission.
Proposal 42: The design of SL PTRS is based on the PTRS design of NR Uu.
Proposal 43: An AGC training signal needs not be standardized.
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Appendix simulation assumptions
[bookmark: _Ref16000731]Link-level simulation assumption
	Parameter
	Value

	Carrier frequency
	6 GHz

	Bandwidth
	10 RB

	Channel 
	Urban-nLos / Urban-Los

	MCS
	QPSK, code rate-0.3
64QAM, code rate -0.6

	Waveform
	CP-OFDM

	Subcarrier Spacing
	30/60 kHz

	Symbol number
	11/13

	CP length
	Normal CP
Extended CP

	Frequency synchronization error
	Not modeled

	Front loaded DMRS
	DMRS configuration 1
	DMRS1
DMRS symbol position<#0>

	
	DMRS configuration 2
	DMRS 1+1
DMRS symbol position <#0, #10>

	
	DMRS configuration 3
	DMRS 1+2
DMRS symbol position <#0, #5, #10>

	
	DMRS configuration 4
	DMRS 1+3
DMRS symbol position <#0, #3, #6, #9>

	Non-front loaded DMRS
(uniform distribution DMRS)
	DMRS configuration 1
	DMRS1
DMRS symbol position<#7>

	
	DMRS configuration 2
	DMRS2
DMRS symbol position<#3,#10>

	
	DMRS configuration 3
	DMRS4
DMRS symbol position<#2,#5,#8,#11>

	Antenna array configuration
(M, N, P, Mg, Ng)
	2T (1, 1, 2, 1, 1)4R (1, 2, 2, 1, 1)
2T2R(1,1,2,1,1) 

	Transmission diversity scheme
	small-delay-CDD/SFBC/precoder cycling

	DMRS port
	SFBC—2ports 
Small-delay-CDD—1port 
Precoder cycling—1port 
NR Uu type1 precoder matrix—2 ports
The DMRS pattern is based on section 5.2.4

	Feedback period
	0/1/5/10 ms

	UE receiver algorithm
	MMSE

	Speed
	3/120/250/500 km/h

	Time delay for small-delay-CDD(SCDD)
	#TX0 0 us, #TX1 0.1 us,



[bookmark: _Ref16153265]System-level simulation assumption
	Parameter
	Assumption

	Frequency
	6 GHz

	Simulation bandwidth
	20 MHz

	Sub-carrier spacing 
	60 kHz

	Scheduling
	Mode 1

	In-band emission
	According to TR 36.885 evaluation assumptions, with {W, X, Y, Z} = {3, 6, 3, 3}

	Synchronization
	ideal time frequency synchronization

	Link type
	Direct vehicle-to-vehicle link

	VUE antenna model
	TR 37.885 Option 1

	MIMO scheme
	SFBC

	Traffic model
	Periodic-2: Medium intensity, 50 ms inter-packet arrival, 50% vehicles generate packets.

	Deployment and UE drop
	Highway-A/ Urban-A

	Number of Tx/Rx antennas
	2Tx/4Rx 
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