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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
Significant progress has been made in RAN1#98b [2]. In this contribution, we continue to discuss on remaining issues, such as resource pool, sidelink bandwidth part, sidelink channel (PSCCH/PSSCH/PSFCH) design, PSCCH/PSSCH/PSFCH multiplexing, and reference signals.
Resource pools
[bookmark: _Ref7204504]Frequency-domain resource pool
The following has been agreed in [3] for the frequency design of resource pools in RAN1#98b:
· Support {10, 15, 20, 25, 50, 75, 100} PRBs for possible sub-channel size.
· FFS other values (e.g., 4, 5, 6, etc.)
· One value of the above set is (pre)configured for the sub-channel size for the resource pool.
The size of a subCH can be (pre-)configured per resource pool, similarly as in LTE-V2X. However PSSCH transmission is based on subCH(s), a large subCH size means inefficient and inflexible resource allocation. A subCH size is not necessary to be (pre-)configured to meet AGC settling requirement, e.g. 10PRB. Note that LTE-V supports 5 PRBs allocation for adjacent PSCCH and PSSCH transmission, whilst requires one symbol only for AGC settling at Rx UE. At least for 15kHz SCS, there is no technical reason for NR V2X to restrict minimum resource granularity to be 10PRB.
Observation 1: 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. Preferably, NR should provide scheduling flexibility beyond that offered in LTE-V2X.
In case that the size of a subCH is smaller than the minimum PRB allocation for PSCCH/PSSCH to support a single symbol duration for AGC settling time for all SCS, the simplest solution is that multiple sub-channels needs be scheduled/selected to guarantee that a RX UE can meet AGC settling time requirement. The benefit is that a smaller sub-channel size, regardless of AGC settling time requirement, can be defined to support finer resource allocation granularity, for example, in a case where 3 subCHs with 5 PRB subCH size instead of  2 subCH with 10 PRB subCH size are allocated for 12 PRBs PSSCH in a slot, the resource efficiency can be improved.
Proposal 1: The number of sub-channels allocated for PSCCH/PSSCH needs be equal to or greater than the minimum number of PRBs required for a UE for one-symbol AGC settling time for all SCSs, instead of defining a minimum sub-channel size to meet AGC settling time requirement. 
· 	Sub-channel size  {5} PRBs should be supported  in addition to {10, 15, 20, 25, 50, 75, 100} PRBs
Time-domain resource pool
At RAN1#96 [7], 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
At RAN1#98b [3], the following was agreed:
· A slot is the time-domain granularity for resource pool configuration.
· To down-select:
· Alt 1. Slots for a resource pool is (pre-)configured with bitmap, which is applied with periodicity
· Alt 2. Slots for a resource pool is (pre-)configured, where the slots are applied with periodicity.
· FFS: signaling details
· FFS: how to apply the above bitmap signaling, e.g., to all slots or only to a set of slots
· FFS: symbols for sidelink in the slot, how to indicate for the case when not all symbols are for SL
In NR Uu, time domain slots are configured by higher layer parameter TDD-UL-DL-Config. A UE can be configured by TDD-UL-DL-ConfigCommon to determine the uplink/downlink TDD configuration with respect to a reference SCS, where one or more TDD-UL-DL-Patterns can be configured. For every TDD-UL-DL-Pattern, a period in terms of slots are given by dl-UL-TransmissionPeriodicity. Within a period, UL slots/symbols and DL slots/symbol are explicitly indicated, the remaining is determined as Flexible slots/symbol which can be dedicated configured to U or D on a per slot basis (slot are identified by slotIndex) via TDD-UL-DL-ConfigDedicated. For example, for 30kHz SCS, a pattern can be configured for a 5ms period with configured slots as D-D-D-F-F-F-F-F-F-U, and is reconfigured to D-D-D-U-U-D-D-U-U-U via dedicated signaling.
The LTE sidelink bitmap-like configuration on a resource pool is not sufficient to allow NR sidelink to operate on a shared carrier to efficiently cooperate with flexible NR uplink and downlink patterns with different periodicity and configuration.
Observation 2: LTE sidelink bitmap-like configuration cannot efficiently cooperate with flexible NR uplink and downlink patterns with different periodicity and configuration in a shared carrier.
Hence, NR sidelink should reuse NR uplink/downlink configuration, i.e. a resource pool should contain one or more time patterns (TDD-UL-DL-SL-Pattern), of each may have different periodicity in terms of slots provided by dl-UL-SL-TransmissionPeriodicity. The number of sidelink patterns and periodicity of each pattern sidelink are exactly same as NR Uu in a shared carrier. For dedicated carrier, the time patterns can be (pre-)configured. In a dedicated carrier, all slots are available for sidelink, the (pre-)configuration of time domain patterns of resource pool needs not to accommodate Uu slots for co-existence. 
Proposal 2: One or more sidelink slot and symbol patterns are (pre-)configured per resource pool
· In a shared carrier, periodicity in slots of a sidelink pattern is same as dl-UL-TransmissionPeriodicity given by the higher layer parameter TDD-UL-DL-Pattern under the parent IE TDD-UL-DL-Config.
· In a dedicated carrier, periodicity in slots of a sidelink pattern is (pre-)configured from the same value range as dl-UL-TransmissionPeriodicity . 
In a shared carrier, for TDD operation, a UE is provided a TDD-UL-DL-Pattern, and then some of 'F' and 'U' symbols/slots can be overwritten as 'S' symbols/slots for sidelink as TDD-SL-UL-DL-Pattern. 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 UEs in a shared carrier. 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' resulting in gNb implementation complexity. 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. 
Proposal 3: In a shared carrier, both uplink and flexible slots/symbols can be directly configured by gNB to sidelink slots/symbols. 
A cell-specific slot configuration based on NR Uu 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 per slot configuration, provided by TDD-UL-DL-SL-SlotConfig, 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. 
Sidelink time domain resource pattern configuration can be shown in Figure 1, where the location of a sidelink slot and number of consecutive sidelink slots can be indciated wihtin the period of the pattern. For remaining F and U slots, sidelink configuration can be done on a per slot basis indentified by slotIndex  provided by TDD-UL-DL-SlotConfig, where the location of first sidelink symbol and following number of consecutive sidelink symbols can be indicated. This can also be used for the case when not all symbols are for SL. 
[image: ]
[bookmark: _Ref23775602]Figure 1 sidelink time domain configuration
Proposal 4: A sidelink slot and symbol pattern provides:
· The starting slot and the number of following consecutive sidelink slots for sidelink in the pattern.
· Per slot index, the location of the first sidelink symbol and the number of following consecutive sidelink symbols in the slot. This also applies for the case when not all symbols are for sidelink in a slot.
· The numbers of downlink/uplink slots and symbols, as in Uu signaling.
Based on our proposal, RRC signaling for time domain resource pattern can be summarized as follow, carried in IE TDD-UL-DL-SL-Config, which determines the Uplink/Downlink/Sidelink TDD configuration. Note this is an illustration for ease of reference, and RAN2 are left to write ASN.1 freely, including naming, need codes, etc.
TDD-UL-DL-SL-Pattern ::=                SEQUENCE {
    dl-UL-SL-TransmissionPeriodicity    ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10},
    nrofDownlinkSlots                   INTEGER (0..maxNrofSlots),
    nrofDownlinkSymbols                 INTEGER (0..maxNrofSymbols),
    nrofUplinkSlots                     INTEGER (0..maxNrofSlots),
nrofUplinkSymbols                   INTEGER (0..maxNrofSymbols),
startofSidelinkSlot 				INTEGER (0..maxNrofSlots-1),
nrofSidelinkSlots 					INTEGER (0..maxNrofSlots),
   }

TDD-UL-DL-SL-SlotConfig ::=             SEQUENCE {
    slotIndex                           TDD-UL-DL-SL-SlotIndex,
    startofSidelinkSymbol               INTEGER (0..maxNrofSymbols-1)  OPTIONAL, 
    nrofSidelinkSymbols                 INTEGER (0..maxNrofSymbols)  OPTIONAL 
}

TDD-UL-DL-SL-SlotIndex ::=              INTEGER (0..maxNrofSlots-1)
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 section 4.2.1. Resource pools specific to the UEs involved will be configured by gNB, as shown in Figure 2. 
[image: ]
[bookmark: _Ref524077996]Figure 2. Common resource pool(s) and dedicated resource pool(s) within an active SL BWP of a UE
Proposal 5: Common resource pools and UE-dedicated resource pools can be (pre-)configured.
Bandwidth parts
Simultaneous transmission of SL and UL
[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK25]For supporting simultaneous transmission, there is at least one slot shorter delay compared with only supporting non-simultaneous transmission. 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. 
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 6: Simultaneous transmission on UL BWP and SL BWP in a shared carrier is supported for a UE depending on UE capability when the same numerology is used for both BWPs.
SL BWP configurations
For out of coverage UEs, similar as in LTE, the resource pools are pre-configured, and therefore, SL BWP containing pre-configured resource pools are pre-configured.
In coverage UEs can be in idle, inactive, or connected mode on Uu. For idle and inactive UEs, cell-specific SL BWP can be configured via SIB and the bandwidth of cell-specific SL BWP should be supported by all NR V2X UEs. For RRC connected UEs, UE-specific SL BWP configuration can be supported, similarly as in NR Uu. A UE can be only interested in specific services, e.g. unicast, for a period of time, and can be scheduled in specific bandwidth by gNB, e.g. in a shared carrier, and thus it does not need to be restricted to the same SL-BWP as all other UEs in the cell.
Proposal 7: SL BWP can be cell-specifically or UE-specifically configured.  
[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 SL BWP configuration with different numerologies, in addition to the subcarrier spacing, cyclic prefix, frequency location and bandwidth of the SL BWP, the frequency location based on point A (lowest subcarrier of common resource block 0, as same in NR Uu) with an offset in frequency domain between point A and the lowest usable subcarrier used for SL BWP needs to be (pre-)configured.
Proposal 8: 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.
Proposal 9: 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 10: The granularity of SL BWP start and length configurations is PRB level.
Physical sidelink channels
 PSCCH (1st-stage SCI)
4.1.1 [bookmark: _Ref14945810]DMRS for PSCCH
In RAN1#98b[3], following has been agreed:
· Rel-15 NR PDCCH DMRS pattern is reused for PSCCH DMRS pattern.	
· For frequency-domain pattern for PSCCH DMRS, reuse Rel-15 NR PDCCH DMRS, i.e., comb-4 fixed RE mapping for PSCCH DMRS.
· (Working assumption) For time-domain pattern for PSCCH DMRS, every symbol of PSCCH has PSCCH DMRS REs.
· FFS: how to initialize DMRS sequence generator
For the DMRS design of PSCCH, the emphasis needs to be on reliability since the PSCCH is to be decoded by every UEs regardless of cast type. The DMRS needs to have a high density in time to guarantee decoding performance, no matter of PSCCH duration. Hence the work assumption should be confirmed as agreement.
Proposal 11: Confirm the WA that for time-domain pattern for PSCCH DMRS, every symbol of PSCCH has PSCCH DMRS REs.
4.1.2 Code rate for PSCCH
It was agreed in RAN1#96 [6] 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.
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% [9], 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 8.2), a SINR CDF curve is obtained based on the scenario of urban-A for 150m-communication-range mode-2 unicast, as shown in Figure 3(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 3(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 3. 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 8.1, note that AWGN is used since channel effects are included at system level), as shown in Figure 4, 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.
[image: C:\Users\g00443958\AppData\Roaming\eSpace_Desktop\UserData\g00443958\imagefiles\83717661-BE6A-410D-BABC-05E00CC093AA.png]
[bookmark: _Ref16154433]Figure 4. BLER of code rates of PSCCH
Proposal 12: PSCCH (1st stage SCI) should be designed to support different target reliability, e.g. 99%, 99.9% and 99.999%, and therefore corresponding different code rates of PSCCH.
4.1.3 [bookmark: _Ref15891007]PSCCH resource format
It was agreed in RAN1#96 [3] that
· Each resource pool is only configured with one 1st stage SCI PSCCH format
· PSCCH for 1st stage SCI with 2 and 3 symbols is supported in Rel-16. 
· FFS: other length(s) of symbols (e.g., all symbols)
· The number of symbols above excludes AGC symbols if any
· The number of PSCCH symbols is explicitly (pre-)configured per Tx/Rx resource pool
· Size of PSCCH: X
· X  N, where N is the number of PRBs of the subchannel
· X is (pre)-configurable with values FFS, X
For use cases with moderate latency requirement, in addition to 2 symbols and 3 symbols, 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. 
Proposal 13: The PSCCH duration can be set to all available OFDM symbols for sidelink per resource pool.
Taking into account code rate design of PSCCH targeting rates of 0.0926, 0.111 and 0.1389 as in Section 4.1.1, 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 14: PSCCH formats include following candidates to support different target reliability: 
· 	If PSCCH duration is configured to 2 symbols, the number of PRBs can be configured to {12, 15, 18}.
· If OFDM symbols is configured to 3 symbols, the number of PRBs can be configured to {8, 10, 12}.
· If OFDM symbols is configured to all symbols for sidelink in a slot, the number of PRBs can be configured to {2, 3, 3}.
· One format (PSCCH duration and number of PRBs) of the above set is (pre-)configured in a resource pool
4.1.4 [bookmark: _Ref19613565][bookmark: _Ref23945260]1st-stage SCI content
In RAN1#98b [3], agreements were reached that
· For the number of bits of L1 IDs,
· Layer-1 destination ID: 16 bits
· Layer-1 source ID: 8 bits
The fundamental benefit of the 2-stage SCI design is to avoid blind decodes on PSCCH and SCI formats for different cast-types and transmission modes, where a 1st-stage SCI with fixed code rate is transmitted on known PSCCH resources in a resource pool, indicating its 2nd-stage SCI with flexible code rates, resource and contents, i.e. the receiver does not need to perform blind decoding of the 2nd-stage SCI.
Broadcast transmission in LTE-V does not require any L1 IDs, and there is no clear motivation for NR V2X broadcast to bring back L1 IDs, hence neither source ID nor destination ID are needed in 1st-stage SCI, in order to keep the 1st-stage SCI as small as possible to minimize the resources of low coded-rate PSCCH. Note that L1 destination ID is 16 bits and L1 source ID is 8 bits, a significant amount of overhead, which is very costly due to robust code rate design of PSCCH (1st-stage SCI).
Proposal 15: There are no L1 IDs in the 1st-stage SCI.
In addition, since HARQ (and, for groupcast, both option 1 and option 2) operation, CSI acquisition, sidelink power control, etc. are exclusive features for unicast/groupcast, there is no additional control information required for broadcast transmission on top of the 1st stage SCI, same as in LTE-V. In addition to extra 24-bit CRC for the 2nd-stage SCI, the signaling overhead for broadcast is significant (at least ~50 bits) given that broadcast traffic usually transmits at low code rate for coverage. In this case, LTE-V2X would outperform NR-V2X in terms of spectrum efficiency for broadcast transmission. 
Proposal 16: For broadcast transmission, there is no 2nd-stage SCI transmitted to reduce unnecessary signaling overhead. 
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. Similarly, given that NR sidelink supports unicast and groupcast, link quality varies among different sidelink pairs or groups, thus the similar concept of “aggregation level” for 2nd-stage SCI can be reused to improve resource utilization efficiency, and this is particularly beneficial if payload size of 2nd-stage SCI is quite large. Furthermore, with use of the “aggregation level” concept, it can reduce signaling overhead for resource allocation of the 2nd-stage SCI. In this case, sidelink “aggregation level” (denoted as SL-AL) for 2nd-stage SCI, can be defined as the number of fixed sidelink resource elements, i.e. the granularity of SL-AL which is dependent on payload size of 2nd-stage SCI. For broadcast or any transmission requiring no 2nd-stage SCI, the SL-AL value can be set to zero to indicate Rx UE there is no 2nd-stage SCI.
Proposal 17: Sidelink aggregation level of 2nd-stage SCI is indicated in the 1st-stage SCI, and the 2nd-stage SCI can be disabled by setting the value of sidelink aggregation level of the 2nd-stage SCI to zero.
It was agreed in the email discussion [98b-NR-20] that:
· For groupcast HARQ feedback, SCI explicitly indicates either Option 1 or Option 2 is to be used.
TX UE’s location information and the used communication range information for a PSSCH are exclusive for groupcast option 1, whilst either groupcast option 2 or unicast does not require such information, and therefore distinguishing these two cases is necessary since the size of 2nd-stage SCI between different operations will vary for both cases (tens of bits difference). Based on the conclusion reached in RAN1#97 that after decoding of 1st-stage, the receiver does not need to perform blind decoding of the 2nd stage. One bit is needed in the 1st-stage SCI to indicate the format for the 2nd-stage SCI, i.e. whether it supports Option 1 or Option 2 for groupcast HARQ feedback. There have been proposals during email discussion to indicate in 2nd-stage SCI which is unhelpful for reduction of unnecessary payload size for 2nd-stage SCI. 
Proposal 18: Format for the 2nd-stage SCI (whether it is for groupcast option 1 or option 2) is indicated in the 1st-stage SCI. 
Given discussion above, the cast-type information is not needed to be included in SCI, and following contents of 1st-stage SCI are proposed, together with additional 24 bits CRC (in total maximum 60 bits): 
Proposal 19: The 1st-stage SCI should be as small as possible used, with following fields:
· Priority [3 bits]
· PSSCH resource assignment [8 bits]
· MCS [5 bits]
· Resource reservation [4 bits]
· Time gap between initial transmission and retransmission(s) [4 bits]
· Retransmission index [2 bits]
· DMRS pattern [3 bits] (Note: this field is present only if multiple DMRS patterns are (pre)configured in the resource pool).
· Antenna port [1 bit]
· Sidelink aggregation level for the 2nd-stage SCI [3 bits]
· Format for the 2nd-stage SCI (groupcast option 1 or option 2) [1 bits]
· Reserved [3 bits] (reserved)
Any other sidelink control information fields, other than those conveyed in the 1st-stage SCI, necessary for decoding PSSCH, can be conveyed in 2nd-stage SCI. In this case, similarly as for DCI, the CRC of 2nd-stage SCI can be scrambled by L1 destination ID (16 bits) for the intended RX UE to decode, whilst saving SCI payload size. 
Proposal 20: The CRC of the 2nd-stage SCI is scrambled by L1 destination ID.
[bookmark: _Ref23945263]2nd-stage SCI on PSSCH
In RAN1#98b [3], agreements were reached that:
· The 2nd stage SCI is carried within the resource of the corresponding PSSCH.
· Scrambling operation for the 2nd stage SCI is applied separately with PSSCH

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

Furthermore, in RAN1#97 the following matters were concluded regarding how 2-stage SCI is designed:
Conclusion:
· 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

Based on the conclusion of 2nd-stage SCI design in RAN1 #97 [5] and above agreements reached in RAN1#98b, the 2nd stage SCI is encoded by PDCCH polar code and demodulated using PSSCH DMRS. Since both 1st-stage SCI and 2nd-stage SCI needs be decoded by RX UEs for decoding of associated PSSCH, channel coding (and thus decoding) of both SCI stages follows that of NR DCI for decoding of PDSCH before rate matching.
There have been some proposals to use Uu UCI coding for 2nd-stage SCI. These proposals are already ruled out by the existing conclusion to use PDCCH polar code, implying a maximum codeword length of 512 bits. To re-iterate the reason for this conclusion, it is because a UE does not at present need to include UCI decoding ability, and changing this particularly for V2X is not necessary. This is one place where the RAN guidance to use NR Uu design “as far as appropriate” is useful.
Observation 3: Channel coding of 2nd-stage SCI has already been concluded as being the same polar coding as PDCCH.
After channel coding and rate matching of 2nd-stage SCI, 2nd-stage SCI can be multiplexed onto PSSCH resource. With multiplexing of 2nd stage SCI and PSSCH, scrambling of 2nd stage SCI and PSSCH are separately operated, and then performing modulation, layer mapping, precoding and mapping to resources blocks, the whole process can be illustrated in Figure 5.
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[bookmark: _Ref23233595]Figure 5 physical process for 2nd-stage SCI 
For 2nd-stage SCI resource mapping within PSSCH, for each of the antenna ports used for transmission of multiplexed 2nd-stage SCI and PSSCH, the block of complex-valued symbols, denoted as z0，... zSymb_SCI2-1,zSymb_SCI2,...,zSymb-1, can be mapped in sequence starting with z0 to the resource element of pre-defined starting location of 2nd-stage SCI. With the SL-AL provided in the 1st-stage SCI, a RX UE can determine the resource of 2nd-stage SCI after decoding 1st-stage SCI without blind decodes. When PSCCH is power boosted over PSSCH (i.e. PSSCH Region-A) for coverage enhancement, 2nd stage SCI needs be mapped onto symbols which do not include PSCCH to avoid suffering decoding performance loss from power de-boosting of PSSCH resources. Thus it is better to do the resource mapping of multiplexed 2nd stage SCI and data to start from the 1st symbol of PSSCH Region-B in increasing order of frequency first and then time, as shown in Figure 6.
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[bookmark: _Ref14862180]Figure 6. Frequency first and then time in sequence 2nd-stage SCI and PSSCH mapping starting with Z0
Proposal 21: When the 2nd-stage SCI is present, it is multiplexed with PSSCH, and resources of 2nd-stage SCI are mapped to the symbols which starts immediately after PSCCH.
In order to take the advantage of TDM structure of control and data to reduce decoding latency, the 2nd-stage SCI needs be located to PSCCH as close as possible. Note that payload size of 2nd-stage SCI is not small and code rate of that can be very low with regard to channel quality, and thus restricting 2nd-stage SCI frequency domain resources can result in mapping of 2nd-stage SCI onto multiple symbols, which increase decoding latency. When multiple sub-channels are scheduled for the associated PSSCH, we propose that 2nd-stage SCI should be possibly mapped onto entire sub-channels in the manner of frequency first and then time. Similarly, 2nd-stage SCI can map with the same symbol of PSSCH DMRS to reduce decoding latency of 2nd-stage SCI and therefore associated PSSCH.
Proposal 22: RBs in the all sub-channels for the scheduled PSSCH can be possibly used for mapping the 2nd stage SCI.
Proposal 23: NR V2X allows mapping of 2nd-stage SCI with same symbol of PSSCH DMRS.
In case that the sidelink is with very good link quality between TX UE and RX UE, e.g. >20dB SNR, (in our system-level simulation, as shown in Figure 3, there are a number of transmission sidelink with higher SNR), the 2nd-stage SCI can support modulation order as high as data utilizing PSSCH MDRS to enable high spectrum efficient transmission. If modulation order of the 2nd-stage SCI is fixed, e.g. with QPSK, it lacks adaptive flexibility, i.e. the upper bound of spectral efficiency is limited by the low order of modulation, which is not the objective of introducing 2-stage SCI framework in terms of flexibility. Similarly, for multiplexed 2nd-stagce SCI and PSSCH using PSSCH DMRS, the layer mapping of 2nd-stage SCI should align with that of PSSCH as well, i.e. when PSSCH is 2-layer, different modulation symbols of the 2nd stage SCI are mapped to the two layers, same as that of PSSCH. 
Proposal 24: The modulation order of the 2nd- stage SCI is same as PSSCH
Proposal 25: When PSSCH is 2-layer, different modulation symbols of the 2nd stage SCI are mapped to the two layers.
PSSCH
4.3.1 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 7, 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 7 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 8. 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 8  throughput comparison between 1 CW and 2 CWs based on two layers
Proposal 26: NR sidelink supports 2 codewords mapped to 2 layers for PSSCH.
4.3.2 MCS for PSSCH
In RAN1 #98bis meeting, an agreement related to supportive of 256QAM is reached:
· 256QAM is supported for SL.
· Support of 256QAM by a UE is FFS between mandatory vs. based on UE capability from the Rx perspective 
· Support of 256QAM is based on UE capability from the Tx perspective
· 64QAM is mandatory
In NR V2X, the working scenarios vary and service types are diverse. For adapting to different V2X applications, UE capabilities, such as support of low spectral efficiency MCS table, are defined. UE could support respective features and work at some certain services. Specifically, for some devices, they may not aim to have a very high throughput and therefore a higher order modulation is not necessary, and support 256 QAM from both transmitting and receiving sides as a mandatory feature is not needed.  
On the other hand, 256QAM might be not suitable for groupcast option 1 or broadcast. Since the channel conditions of each UE could change dramatically, PSSCH decoding performance cannot be guaranteed with higher order of modulation. Whilst for unicast transmission, link quality between TX and RX can be good enough to support higher order of modulation. In addition, based on RAN2 agreement of RAN2 #107 meeting, a two-way procedure is defined for UE capability transfer for unicast communication, where negotiation of UE capabilities will be done between Rx and Tx UE. Tx and Rx UE could determine a specific modulation order which is capable for both sides.
Proposal 27: Support of 256QAM is for unicast, and is based on UE capability from the Rx perspective.
4.3.3 [bookmark: _Ref16865682]DMRS for PSSCH
Following agreement were made in RAN1#98 [4] that
· (Pre-)configuration of one or more PSSCH DMRS pattern(s) in time domain per a resource pool is supported.
· Exact DMRS pattern is indicated by SCI
· FFS details, including whether or not to have the indication bit in case of one (pre)configured DMRS pattern
· For Mode 2, DMRS pattern is chosen by the transmitter UE from the (pre)configured patterns for the resource pool.
· FFS: case for Mode 1
· FFS: whether/how to use restrictions for choice of DMRS pattern 
· FFS on details on time-domain pattern
· FFS the number of possible DMRS patterns
· Note: it is not intended to specify DM-RS based resource pool selection 
4.3.3.1 Time domain
In case of multiple DMRS patterns in time domain (pre-)configured per a resource pool, exact DMRS pattern, as we proposed in section 4.1.4, is indicated in the 1st-stage SCI. In case of only one (pre-)configured DMRS pattern of a resource pool, there is no need to indicate DMRS pattern in the 1st-stage SCI, and therefore PSCCH resource can be further reduced. Note that there is only one 1st-stage SCI format, and a UE can be (pre-)configured by the resource pool to know if there is DMRS pattern indication field present in this 1st-stage SCI before decoding PSCCH.
Proposal 28: No DMRS pattern indication is needed in case of only one (pre)configured DMRS pattern in a resource pool.
In RAN1# 98, there was an agreement that for Mode 2, the DMRS pattern is chosen by the transmitter UE from the (pre)configured patterns for the resource pool and FFS for Mode 1. Contrary to Mode 2, in Mode 1, the network has control over the resources. Allowing the UE to autonomously select the DMRS pattern and/or MCS reduces the scheduling efficiency of the gNB and its ability to keep control over the interference levels across the network. Although, there is no CSI report to gNB in Rel-16, UE assistance information or ACK/NACK reports from the UE can be used as assistance information by gNB to decide the DMRS pattern for the UE. Moreover, in order to assist the gNB to select the DMRS pattern, UEs report mobility information (speed, direction) to the gNB.
Proposal 29: In Mode 1, DMRS pattern is chosen by the gNB from the (pre)configured patterns for the resource pool.
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.
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  with the link simulation assumptions of Annex 8.1. 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 9 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 30: For PSSCH, both front-loaded DMRS and non-front-loaded DMRS are supported.
In RAN1#98 meeting, there was an FFS on the details on time-domain DMRS pattern. 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. The DMRS symbols are located so that they are evenly spaced in the slot. 
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. We then provide the performance for different DMRS patterns in time domain for different subcarrier spacing in Figure 10. 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 possibly 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: _Ref21079196]Figure 10. 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.
On the other hand, considering that there may exist frequency offset error in practical scenarios, one more DMRS symbols is added for the 60kHz case to enable the frequency offset estimation at the Rx UE. Then, we provide the pre-defined patterns for front-loaded DMRS and non-front-loaded DMRS in Table 2 and Table 3, respectively. 
[bookmark: _Ref15976838][bookmark: _Ref15976825]Table 2: 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(Note*)


Note: for 15 kHz SCS, DMRS position on #13 symbol is only presented when the last symbol is available for PSSCH
[bookmark: _Ref15976848]Table 3: 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
	4
	9
	
	

	30kHz
	4
	9
	
	

	15kHz
	2
	5
	8
	11


Proposal 31: For the broadcast transmission, there is one pre-defined DMRS pattern in time domain for each SCS.
For NR V2X 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. Therefore, for a resource pool, multiple DMRS patterns are supported in order to deal with various transmitting conditions and reliability requirements. 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, as also shown in Figure 11. When certain event which can trigger the switch of the DMRS time-domain pattern happens, e.g. vehicular mobility characteristics such as speed and/or direction change sufficiently, the TX UE choses a new DMRS time-domain pattern based on received mobility information and its own speed. In mode 2, the Tx UE sends the SCI to the RX UE and the possible sensing UEs, to update the DMRS configuration for its transmissions with respect to the DMRS time domain pattern. 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). In mode 1 this update can also be done by RRC reconfiguration of DMRS pattern, when UEs are in coverage. The process is summarized in Figure 11. For mode2, mobility information including speed and direction is reported from the Rx UE to the Tx UE, whereas for mode 1, this information of  Rx UE is provided to the TX UE over the gNB. 
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[bookmark: _Ref20148962]Figure 11. DMRS configuration and updating
Table 4 and Table 5 provide the various DMRS patterns in time domain, where in Table 5 the parameter N is the PSSCH duration in symbols which does not include the symbol used for gap. Note that unlike NR Uu, TRS is not yet introduced for NR sidelink in Rel-16, and therefore one DMRS symbol only in a slot may not accommodate the accurate channel estimation given the various channel condition of sidelink, which severely impact PSSCH decoding performance.   
Proposal 32: For unicast/groupcast, the DMRS patterns in the following two tables are used:
· A default DMRS configuration including the time-domain pattern can be configured for a resource pool.
· In mode 2, the Tx UE chooses the DMRS time-domain pattern based on the relative speed. The Rx UE mobility information is provided from the Rx UE to the Tx UE. SCI is used to update the DMRS configuration with respect to the time-domain pattern.
· In mode 1, the DMRS pattern is chosen by the gNB and configured by RRC. Mobility information is provided by the UEs to the gNB.
[bookmark: _Ref15977407][bookmark: _Ref15977402]Table 4. Patterns in time domain for the front-loaded DMRS
	Pattern index
	DMRS positions

	
	0
	1
	2
	3
	4

	1
	1
	4
	
	
	

	2
	1
	6
	
	
	

	3
	1
	9
	
	
	

	4
	1
	4
	7
	
	

	5
	1
	6
	11
	
	

	6
	1
	4
	7
	10
	

	7
	1
	4
	7
	10
	13


[bookmark: _Ref15977419]
Table 5. Patterns in time domain for the non-front-loaded DMRS
	Pattern index
	DMRS positions

	
	0
	1
	2
	3

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	


4.3.3.2 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 12. 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. 
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[bookmark: _Ref15977570]Figure 12. Performance of various DMRS pattern in frequency domain
Observation 5: 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. In Figure 13, we provide the illustration of the PSSCH DMRS in frequency domain. 
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[bookmark: _Ref15977867]Figure 13. 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 33: 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.
4.3.3.3 DMRS mapping for Option 3 PSCCH-PSSCH multiplexing
In [98b-NR-10] email discussion, followings were as working assumptions:
· For the starting symbol of PSCCH in a slot, 2nd SL symbol in the slot is used.
· FFS: which signal/channel(s) is mapped in the 1st SL symbol in the slot. It is not precluded to map certain portion of PSCCH to the 1st SL symbol in a slot.
· FFS: whether/how to support that PSSCH DMRS and PSCCH are mapped in the same OFDM symbol
· If RAN1 decides to support mapping PSSCH DMRS and PSCCH in the same OFDM symbol, then this mapping within a single sub-channel is only supported for sub-channel sizes >= 20 PRBs.
· Note: This might not have specification impact, pending the outcome of other discussions in RAN1#99.
· Note: This does not imply that PSSCH DMRS and PSCCH are mapped in the same OFDM symbol within the same sub-channel for other cases and within the different sub-channels.
On DMRS mapping for Option 3 PSCCH/PSSCH multiplexing, one possible way is to map DMRS for PSSCH as a whole and puncture the DMRS REs which are overlapped with PSCCH REs. However, in this case, the performance of channel estimation for the PSSCH which uses the same frequency resource as PSCCH, will degrade. On the other hand, simply reusing the DMRS of PSCCH is not feasible due to the fact that the DMRS of PSSCH could have different properties from that of PSCCH with respect to number of antenna ports, precoding matrix and so on, hence DMRS of PSSCH and PSCCH has to be separately designed. In certain cases, PSSCH DMRS can be FDMed PSCCH so that the PSSCH overlapped with PSCCH in symbols (can be 3 symbols, as agreed) can be properly estimated. Thus, we propose option 1 as shown in Figure 14.
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[bookmark: _Ref21077694]Figure 14. Example DMRS mapping scheme for PSCCH/PSSCH multiplexing Option 3.
For the constraint of PSSCH DMRS and PSCCH mapping, the motivation is to reduce the number of independent channel estimations. However, we think that the restriction is not reasonable. It is because that the number of independent channel estimations depends on the PRB bundling size (i.e. the granularity of precoding, we have provided more details in [10]) instead of the multiplexing methods. In NR Uu, the PRB bundling size can be as small as 2RBs. Then, as long as the PSSCH DMRS density, the total subCH(s) for PSSCH are the same, the number of independent channel estimations is the same for FDMed/TDMed between PSCCH and PSSCH DMRS. On the contrast, it is actually a tradeoff between option 1 (decoding performance) and option 2 (complexity) as shown in Figure 14, when a TX UE travelling at high speed transmits PSSCH with high MCS, without DMRS in those PSSCH region (can be 3 symbols * total allocated PRBs) which is overlapped with PSCCH, there will be a significant decoding perfomance degradation at RX UE(s). Hence, PSSCH DMRS and PSCCH can be mapped in the same OFDM symbol, at least in certain cases, where high reliability is required.
Proposal 34: PRB bundling is defined for PSSCH, (pre-)configured by the Tx UE from the NR Uu range, i.e. {2, 4} PRBs.
Proposal 35: For PSCCH/PSSCH multiplexing Option 3, PSSCH DMRS and PSCCH can be mapped in the same OFDM symbol within the same or different sub-channel(s) for all the possible subchannel sizes.
4.3.3.4 DMRS sequence generation
The PSSCH DMRS sequence 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, this is different to LTE-V2X of which waveform is SC-FDMA. In order to ensure the interference randomization among different PSSCH DMRS sequences, the scrambling ID, which is used for the PSSCH DMRS sequence generation, can be based on the CRC of the SCI carried by the corresponding PSCCH. 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 scrambling ID which is based on the CRC of the corresponding SCI and  stands for the extra information embedded in the DMRS sequence.
Proposal 36: For the sequence of PSSCH DMRS, the pseudo-random sequence in NR Uu is reused:
· Scrambling ID for the sequence generation is based on the CRC of associated PSCCH
· Extra information can be embedded in the sequence.
 PSFCH
4.4.1 One-symbol PSFCH format
It was agreed in the email discussion [NR-98b-09] that:
· For the agreed sequence-based PSFCH format with one symbol (not including AGC training period):
· 1 PRB is used. 
· Only 1 bit can be carried for the case of N=1, where N denotes the period of slot having PSFCH resource in a resource pool,
· FFS: for the case of N=2, 4
· Note: Each company is encouraged to discuss on how to handle AGC issue for the agreed sequence-based PSFCH format with one symbol (not including AGC training period) to decide whether/how to support2-symbol PSFCH format.
Regarding the number of bits carried on PSFCH, if 2 TBs are supported with 2 layers PSSCH, 2 bits A/N sequence are necessary, same as NR PUCCH format 0; otherwise, 1 bit is sufficient on PSFCH, and this is independent on PSFCH period. For N=4, there can be a case that 4 slots are used by a TX UE to transmit PSSCH to a RX UE, and another case that 4 slots are used by 4 different TX UEs to transmit PSSCH to a RX UE, and many other cases. It is the RX UE to transmit multiple PSFCHs with regard to corresponding PSSCH received in different slot, which was already agreed in [13] that FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots is supported. Therefore, 1 bit sidelink A/N carried on PSFCH is used regardless of N= 1, 2 or 4.
Proposal 37: For the case that N= 2 or 4, 1 bit for one TB is carried for sequence-based PSFCH.
Based on RAN4’s Reply LS on AGC settling time and RB size of PSFCH: 
· In case that 1 RB PSFCH signal is used one symbol AGC settling time is achievable for all SCSs.
One symbol is sufficient for 1 PRB PSFCH signal, in addition to one symbol sidelink A/N sequence, if AGC symbol are taken into account, there will be in total two symbols used for sequence-based PSFCH. In this case, the sequence transmitted on 1st symbol of PSFCH can be simply a repetition of sidelink A/N sequence on the 2nd symbol of PSFCH.
Proposal 38: Two-symbol PSFCH is supported where the 1st symbol is a repetition of 2nd symbol for AGC settling.
4.4.2 [bookmark: _Ref15994502]Spectrally efficient PSFCH format
For cases where resource efficiency is more important, particularly for congested spectrum, 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. 1 or 2 PRBs for long PSFCH format, depending on AGC settling time constraint. If a PSFCH format with 1-PRB in all sidelink symbols within a slot, can meeting AGC settling time.
For example, if a sub-channel size is 10 RBs. The time-frequency resource for transmitting short PSFCH format 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 * 1 RB * 12 = 156 REs. From the system perspective, Table 6 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 6 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 * 1 * 6 * 12 =720

	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 * 1* 7 * 12 = 840

	Total REs (SFCI + overhead)
	3600
	1560


From system perspective, the resource usage between short and long PSFCH, i.e. a wide frequency in few symbols per slot versus a narrow frequency in all symbols per slot, is illustrated in Figure 15 (PSFCH periodicity, N =1).
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[bookmark: _Ref20148040]Figure 15  From system perspective, resource usages of short PSFCH and long PSFCH. 
Observation 6: From system perspective, the long PSFCH format can use ~55% less resource compared to short PSFCH format, in case of a 10-PRB subchannel size of a 40 MHz resource pool configured within a 30 kHz SCS SL-BWP.
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 PRBs where A/N sequence is repeated per PRBs.
Proposal 39: Support one-PRB sequence-based PSFCH format to span all OFDM symbols for sidelink in a slot.
PSCCH/PSSCH/PSFCH multiplexing
4.5.1 PSCCH/PSSCH multiplexing 
It was agreed in RAN1#98b that:
· Support 1st stage SCI in PSCCH in one subchannel only. 
· Within one subchannel, there is at most one 1st stage SCI, except for spatial re-use

There was a working assumption taken in RAN1#95:
· 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, in a slot, 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 for use cases with moderate latency requirement. (Pre-)Configuration of PSCCH/PSSCH multiplexing can be done at resource pool level.
Proposal 40: Confirm working assumption to 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 [11].
Proposal 41: When PSSCH has an associated PSCCH, they are transmitted in the same slot.
4.5.2 PSCCH/PSSCH and PSFCH multiplexing 
It was agreed in RAN1#96b [6] that:
· At least for transmission perspective of a UE in a carrier, at least TDM between PSCCH/PSSCH and PSFCH is allowed for a PSFCH format for sidelink in a slot.
· 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 [8] 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 [5] 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.)
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 one-PRB level allocation. The frequency mapping between sub-channel-based PSSCH and one-PRB-based PSFCH can be arranged so that one sub-channel PSSCH always associates to the dedicated one-PRB PSFCH within the resource pool, which is known to all UEs unitizing that resource pool. Figure 16 shows an example of a resource pool configuration on PSFCH and associated PSCCH/PSSCH. 
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[bookmark: _Ref5868294]Figure 16. Long PSFCH and associated PSSCH (Sub-CH* is a dedicated sub-channel for PSFCH)
Proposal 42: From a system perspective, PSCCH/PSSCH and long format PSFCH are FDMed.
Other reference signals
SL CSI-RS
The NR V2X WID includes the following objective for SL CSI [1]:
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
In RAN1#96bis [6], SL CSI-RS was agreed for the CSI acquisition procedure:
· Support at least Sidelink CSI-RS for CQI/RI measurement
· Sidelink CSI-RS is confined within the PSSCH transmission
Further in RAN1#98b, the resource mapping pattern of SL CSI-RS was agreed to be pre-defined:
· Resource mapping of SL CSI-RS is performed by using one SL CSI-RS pattern in an RB, where the possible patterns in an RB are a subset of NR Uu CSI-RS time-frequency/CDM resource mapping patterns in an RB
· The subset is to be pre-defined by spec 
· FFS how the one pattern is determined (but not part of SCI)
· FFS which subset

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

In NR Uu, CSI-RS provides multiple functionalities, such as CSI acquisition, beam management, mobility management, and time/frequency tracking. In NR V2X, SL CSI-RS is introduced for similar functionalities, at least including CSI acquisition. 
5.1.2 General properties
Since one resource mapping pattern is performed in an RB, where possible SL CSI-RS patterns are a subset of NR Uu CSI-RS patterns. Unlike NR Uu CSI-RS that supports densities  and  RE/port/PRB, SL CSI-RS for CSI acquisition should only support  in NR Rel-16. The reason is that CSI-RS with  is designed for TRS and CSI-RS with  only occupies even or odd PRBs, which contradicts the above agreement. Regarding  SL CSI-RS, SL CSI-RS should has the same bandwidth as the PSSCH they are transmitted with.
Moreover, although SL CSI-RS will be confined within the PSSCH transmission, they in general only need to occupy a subset of the REs per RB. For the symbols containing SL CSI-RS, the REs that are not occupied by SL CSI-RS can be used for PSSCH transmission to improve the spectral efficiency.
Proposal 43: SL CSI-RS and PSSCH are multiplexed in the same symbol.
5.1.3 Sequence generation
Considering the effectiveness and various functionalities of NR Uu CSI-RS, it is reasonable to reuse the same pseudo-random sequence. The only difference is the configuration method of SL CSI-RS scrambling ID, i.e., nID. If the TX UE works in mode 1, nID can be configured by the gNB through RRC signaling. If the TX UE is in mode 2, nID can be pre-configured or configured by the TX UE. Subsequently, the TX UE indicates nID to the RX UE through PC5-RRC signaling. Such sequence saves lots of specification effort.
Proposal 44: SL CSI-RS reuses NR Uu CSI-RS sequence, and nID is
· configured to TX UE by the gNB in mode 1
· (pre-)configured by the TX UE in mode 2
· signaled via PC5-RRC to RX UE
5.1.4 Resource mapping pattern
Physical resources of SL CSI-RS should be specified in the following aspects: number of CSI-RS ports, CDM type, and time-frequency location. First, considering that Rel-16 supports PSSCH transmission with maximum of 2 antenna ports, the number of SL CSI-RS ports can be either 1 or 2. Second, or the CDM type, we support no CDM and FD-CDM2 since they occupy one OFDM symbol. Third, for time-domain location, we propose that SL CSI-RS should be end-loaded within PSSCH. This pattern ensures that SL CSI-RS is always orthogonal to PSSCH DMRS symbols and saves signaling overhead. For frequency-domain location, we propose to reuse the design of Uu CSI-RS, i.e., the frequency-domain location is flexible and is given by the higher-layer parameter. This design provides enough flexibility for NR Rel-16 and shows good forward compatibility for other functionalities of SL CSI-RS.
[bookmark: _Ref23159905]Table 7 RS locations within a slot: SL CSI-RS for CSI acquisition
	Row
	Ports

	Density

	CDM type
	
	CDM group index 
	

	1
	1
	1
	No CDM
	
	
	

	2
	2
	1
	FD-CDM2
	
	
	



Based on the specified features above, we propose the resource mapping of SL CSI-RS should conform to Table 7. In this table,  is fixed as , where  denotes the OFDM symbol index corresponding to the last symbol of PSSCH within a slot. When all symbols in a slot are available for SL, the value of  depends on the existence of short format PSFCH. If PSFCH does not exist,  regarding the gap symbol. If PSFCH is configured,  becomes  due to extra gap and AGC symbols. Similar calculations also apply to the cases when only a subset of consecutive symbols in a slot are available for SL. Moreover,  for the 1st row and  for the 2nd row, thus inducing 12 patterns for 1-port SL CSI-RS and 6 patterns for 2-port SL CSI-RS. To summarize, 18 resource mapping patterns are pre-defined for SL CSI-RS in NR Rel-16. Two exemplary patterns are illustrated in , where a SL slot of 14 OFDM symbols is considered,  is selected as .
	[image: C:\Users\j00492165\Desktop\华为新员工\【CSI-RS专攻】\图\SLCSIRS_frequency_v3_1.png]
(a) Pattern 1 without PSFCH, , 
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(b) Pattern 1 with PSFCH, , 
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(c) Pattern 13 without PSFCH, , 
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(d) Pattern 13 with PSFCH, , 
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Figure 17 SL CSI-RS resource mapping patterns
On this basis, SL CSI-RS sequence  can be mapped to resource elements  according to CSI-RS resource mapping in [12] with the following modifications
		(1)
		(2)
In (1), compared to the Uu baseline,  becomes fixed and is set as ,  is omitted since time-domain CDM is precluded,  is the amplitude scaling factor for SL CSI-RS,  is the index of resource element within a CDM group. As in [12], the subcarrier index  is influenced by  and , where each  corresponds to a CDM group of size 1 (no CDM) or size 2 (FD-CDM2). The values of  and  for different SL CSI-RS patterns are determined by Table 7. The value of  can be indicated by PC5-RRC signaling. Other quantities are listed as follows.  denotes the number of SL CSI-RS ports,  represents the frequency-domain density. In (2), the floor function for  is omitted because  can only be an integer for SL CSI-RS.
For antenna port mapping, a SL CSI-RS is transmitted using antenna port  numbered according to CSI-RS port mapping in [12] with the following modification
		(3)
where the antenna ports of SL CSI-RS starts with ,  is the CDM group size. As in NR Uu, when using 1-port SL CSI-RS with no CDM,  and , where  represents the sequence index and  maps the CDM group corresponding to  to  antenna ports. When using 2-port SL CSI-RS with FD-CDM2, the first RS port in one CDM group corresponds to  with the sequence , the second RS port corresponds to  with the sequence , the CDM group index . Notably, although  equals 0 for all the rows in Table 8, it is reserved for scalability regarding multi-port SL CSI-RS.
Proposal 45: For CSI acquisition, SL CSI-RS has 18 resource mapping patterns in NR Rel-16:
[bookmark: _Ref24125962]Table 8 resource mapping patterns of SL SCI RS
	Row
	Ports

	Density

	CDM type
	
	CDM group index 
	

	1
	1
	1
	No CDM
	
	
	

	2
	2
	1
	FD-CDM2
	
	
	


where  for the 1st row,  for the 2nd row,  is the OFDM symbol index corresponding to the last symbol of PSSCH within a slot.
As for the determination of SL CSI-RS resource mapping pattern, if the TX UE works in mode 1, one pattern can be configured by the gNB through RRC signaling. If the TX UE is in mode 2, one pattern can be pre-configured or configured by the TX UE. Subsequently, the TX UE indicates the pattern to the RX UE through PC5-RRC signaling. In NR Rel-16 with the patterns designed above, one PC5-RRC IE can be used to indicate the determined SL CSI-RS resource mapping pattern, which is characterized by the number of ports  and the frequency-domain location  of SL CSI-RS. The density and the CDM type of SL CSI-RS are implicitly configured, so there is no need to configure these parameters.
Proposal 46: SL CSI-RS resource mapping pattern is characterized by the number of ports and the frequency-domain location, and it is
· configured to TX UE by the gNB in mode 1
· (pre-)configured by the TX UE in mode 2
· signaled via PC5-RRC to RX UE
5.1.5 SL CSI-RS for tracking
In NR V2X, more accurate time/frequency tracking should be ensured by applying SL Tracking Reference Signal (TRS). In NR Uu, TRS is configured as a CSI-RS resource set containing two single-port periodic CSI-RS resources. For SL TRS, the structure of NR Uu TRS can be the baseline and higher density in time and frequency can be considered. Note that SL CSI-RS for tracking does not have to be end-loaded. 
If TRS are defined in Rel-16, then it is possible to have single-symbol DMRS for PSSCH (see section 4.3.3).
Proposal 47: SL CSI-RS for tracking is supported, which reuses that of NR Uu TRS. 
Other RSs
Two other RSs have been discussed: the PTRS and AGC sequence.
5.2.1 PTRS
In RAN1#98bis email discussion [14], the following agreement was reached:
For FR2, 
· Sidelink PT-RS RE patterns are the same as Rel-15 NR Uu 
· Support multiple densities in time and frequency domains, as Uu
· The equivalent of PTRS-UplinkConfig giving the bandwidth and MCS thresholds for setting the densities is (pre-)configured per resource pool
· RE offset is determined based on a (pre-)configured resourceElementOffset value
· RB offset is down-selected in RAN1#99.
· Alt 1. Fixed as 0.
· Alt 2. Determined based on L1 destination ID.
· Alt 3. Determined based on L1 source ID.
· Alt 4. Determined based on CRC of PSCCH.
· Association with one or two of the DMRS port(s) is used, down select in RAN1#99 among:
· Alt 1. The number of PT-RS antenna ports is the same as the number of DMRS antenna ports. 
· Alt 2. The number of PT-RS antenna ports and the association between DM-RS port and PT-RS port are (pre)configured.
· Alt 3. One PT-RS port is supported and the PT-RS port is associated with the lowest DMRS port index.
· Sidelink PT-RS are not mapped to 1st stage SCI REs and SL CSI-RS REs.
· Sidelink PTRS symbols are not mapped to PSSCH symbols carrying PSSCH DMRS.
· The Rx UE does not perform blind de-rate matching of 2nd stage SCI REs
· FFS Details
The design of SL PT-RS is based on that of the Uu CP-OFDM UL PT-RS according to the RAN#85 decision. For sequence generation, Uu UL PT-RS uses PUSCH DMRS sequence, which is identical to that of PDSCH DMRS sequence apart from some parameters indicated by higher layers. On this basis, SL PT-RS may exploit SL DMRS sequence for PSSCH, which reuses Uu PDSCH DMRS.
Proposal 48: SL PT-RS reuses PSSCH DMRS sequence.
Using the bandwidth and MCS thresholds (pre-)configured per resource pool, the TX UE determines the densities of SL PT-RS based on the scheduled bandwidth and MCS. For the RX UE, the bandwidth and MCS thresholds are aligned with those of the TX UE resource pool. Accordingly, the RX UE derives the densities of SL PT-RS using the MCS indicated in the 1st-stage SCI and the bandwidth of the PSSCH. Recall that PTRS-UplinkConfig IE contains resourceElementOffset field, we propose that RE offset can also be (pre-)configured per resource pool.
Proposal 49: The RE offset of SL PT-RS is (pre-)configured per resource pool.
Regarding RB offset, there are four alternatives. In case that different UEs occupy the same resource, interference randomization between PT-RSs with different RB offsets is beneficial. As we have explained in section 4.1.4 and 4.2, L1 IDs should be carried in 2nd-stage SCI on PSSCH to reduce signaling overhead on PSCCH. However the SL PT-RS RE patterns must be known by the RX UE before decoding PSSCH, in this case Alt 2/Alt 3 may not work. In LTE-V, the cyclic shift of PSSCH DMRS is determined by the CRC on the PSCCH, we can reuse the same method for PT-RS. Among the four alternatives, Alt 4 is the simplest and straightforward to address interference randomization for PT-RS. 
Proposal 50: The RB offset of SL PT-RS is determined based on CRC of PSCCH.
Next, for the association of SL PT-RS with one or two DMRS ports, we support Alt 1. One-to-one mapping between SL PT-RS port and PSSCH DMRS port can be defined, i.e., the 1st PT-RS port is associated with the 1st DMRS port, and if DMRS has two ports, the 2nd PT-RS port is associated with the 2nd DMRS port. For Alt 2, it requires extra signaling overhead, whereas the benefit is not clear. Also, such PTRS-DMRS association cannot be signaled by PC5-RRC as it may only apply to unicast scenarios. It cannot be indicated by 2nd-stage SCI either, as phase error compensation should be performed before decoding 2nd-stage SCI. Furthermore, using 2 bits in 1st-stage SCI to indicate such association has not been considered. Finally, we do not support Alt 3 because it may degrade the phase tracking performance for FR2.
Proposal 51: For association of SL PT-RS with one or two of the PSSCH DMRS port(s), support:
· The number of SL PT-RS antenna ports is the same as the number of PSSCH DMRS antenna ports.
· One-to-one mapping between SL PT-RS antenna port and PSSCH DMRS antenna port is defined.
It was agreed that the RX UE does not perform blind decoding or blind de-rate matching of 2nd-stage SCI REs. We believe this purpose can be simply achieved by carrying MCS in 1st-stage SCI. After the decoding of 1st-stage SCI, the RX UE directly knows the SL PT-RS RE patterns. As long as the TX UE does not map 2nd-stage SCI to the REs that are occupied by SL PT-RS, the RX UE does not need to perform de-rate mating of 2nd-stage SCI REs.
Observation 7: Based on the MCS indicated in 1st-stage SCI, the RX UE does not need to perform de-rate mating of 2nd-stage SCI REs as long as the TX UE does not map 2nd-stage SCI to SL PT-RS REs.
5.2.2 AGC settling time and AGC sequence 
Regarding AGC, in our opinion, 10 PRBs allocation is one of the workable options when it is scheduled, but it is certainly 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. 
Observation 8: NR should provide scheduling flexibility beyond that offered in LTE-V2X.
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 52: 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:
Observation 1: 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. Preferably, NR should provide scheduling flexibility beyond that offered in LTE-V2X.
Proposal 1: The number of sub-channels allocated for PSCCH/PSSCH needs be equal to or greater than the minimum number of PRBs required for a UE for one-symbol AGC settling time for all SCSs, instead of defining a minimum sub-channel size to meet AGC settling time requirement. 
· 	Sub-channel size  {5} PRBs should be supported  in addition to {10, 15, 20, 25, 50, 75, 100} PRBs
Observation 2: LTE sidelink bitmap-like configuration cannot efficiently cooperate with flexible NR uplink and downlink patterns with different periodicity and configuration in a shared carrier.
Proposal 2: One or more sidelink slot and symbol patterns are (pre-)configured per resource pool
· In a shared carrier, periodicity in slots of a sidelink pattern is same as dl-UL-TransmissionPeriodicity given by the higher layer parameter TDD-UL-DL-Pattern under the parent IE TDD-UL-DL-Config.
· In a dedicated carrier, periodicity in slots of a sidelink pattern is (pre-)configured from the same value range as dl-UL-TransmissionPeriodicity . 
Proposal 3: In a shared carrier, both uplink and flexible slots/symbols can be directly configured by gNB to sidelink slots/symbols. 
Proposal 4: A sidelink slot and symbol pattern provides:
· The starting slot and the number of following consecutive sidelink slots for sidelink in the pattern.
· Per slot index, the location of the first sidelink symbol and the number of following consecutive sidelink symbols in the slot. This also applies for the case when not all symbols are for sidelink in a slot.
· The numbers of downlink/uplink slots and symbols, as in Uu signaling.
Proposal 5: Common resource pools and UE-dedicated resource pools can be (pre-)configured. 
Proposal 6: Simultaneous transmission on UL BWP and SL BWP in a shared carrier is supported for a UE depending on UE capability when the same numerology is used for both BWPs.
Proposal 7: SL BWP can be cell-specifically or UE-specifically configured.  
Proposal 8: SL BWP configuration is based on point A and common resource block per numerology.
Proposal 9: PRB index is defined within a SL BWP.
Proposal 10: The granularity of SL BWP start and length configurations is PRB level.
Proposal 11: Confirm the WA that for time-domain pattern for PSCCH DMRS, every symbol of PSCCH has PSCCH DMRS REs.
Proposal 12: PSCCH (1st stage SCI) 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 13: The PSCCH duration can be set to all available OFDM symbols for sidelink per resource 
Proposal 14: PSCCH formats include following candidates to support different target reliability: 
· 	If PSCCH duration is configured to 2 symbols, the number of PRBs can be configured to {12, 15, 18}.
· If OFDM symbols is configured to 3 symbols, the number of PRBs can be configured to {8, 10, 12}.
· If OFDM symbols is configured to all symbols for sidelink in a slot, the number of PRBs can be configured to {2, 3, 3}.
· One format (PSCCH duration and number of PRBs) of the above set is (pre-)configured in a resource pool
Proposal 15: There are no L1 IDs in the 1st-stage SCI.
Proposal 16: For broadcast transmission, there is no 2nd-stage SCI transmitted to reduce unnecessary signaling overhead. 
Proposal 17: Sidelink aggregation level of 2nd-stage SCI is indicated in the 1st-stage SCI, and the 2nd-stage SCI can be disabled by setting the value of sidelink aggregation level of the 2nd-stage SCI to zero.
Proposal 18: Format for the 2nd-stage SCI (whether it is for groupcast option 1 or option 2) is indicated in the 1st-stage SCI. 
Proposal 19: The 1st-stage SCI should be as small as possible used, with following fields:
· Priority [3 bits]
· PSSCH resource assignment [8 bits]
· MCS [5 bits]
· Resource reservation [4 bits]
· Time gap between initial transmission and retransmission(s) [4 bits]
· Retransmission index [2 bits]
· DMRS pattern [3 bits] (Note: this field is present only if multiple DMRS patterns are (pre)configured in the resource pool).
· Antenna port [1 bit]
· Sidelink aggregation level for the 2nd-stage SCI [3 bits]
· Format for the 2nd-stage SCI (groupcast option 1 or option 2) [1 bits]
· Reserved [3 bits] (reserved)
Proposal 20: The CRC of the 2nd-stage SCI is scrambled by L1 destination ID.
Observation 3: Channel coding of 2nd-stage SCI has already been concluded as being the same polar coding as PDCCH.
Proposal 21: When the 2nd-stage SCI is present, it is multiplexed with PSSCH, and resources of 2nd-stage SCI are mapped to the symbols which starts immediately after PSCCH.
Proposal 22: RBs in the all sub-channels for the scheduled PSSCH can be possibly used for mapping the 2nd stage SCI.
Proposal 23: NR V2X allows mapping of 2nd-stage SCI with same symbol of PSSCH DMRS.
Proposal 24: The modulation order of the 2nd- stage SCI is same as PSSCH
Proposal 25: When PSSCH is 2-layer, different modulation symbols of the 2nd stage SCI are mapped to the two layers.
Proposal 26: NR sidelink supports 2 codewords mapped to 2 layers for PSSCH.
Proposal 27: Support of 256QAM is for unicast, and is based on UE capability from the Rx perspective.
Proposal 28: No DMRS pattern indication is needed in case of only one (pre)configured DMRS pattern in a resource pool.
Proposal 29: In Mode 1, DMRS pattern is chosen by the gNB from the (pre)configured patterns for the resource pool.
Proposal 30: For PSSCH, both front-loaded DMRS and non-front-loaded DMRS are supported.
Proposal 31: For the broadcast transmission, there is one pre-defined DMRS pattern in time domain for each SCS.
Proposal 32: For unicast/groupcast, the DMRS patterns in the following two tables are used:
· A default DMRS configuration including the time-domain pattern can be configured for a resource pool.
· In mode 2, the Tx UE chooses the DMRS time-domain pattern based on the relative speed. The Rx UE mobility information is provided from the Rx UE to the Tx UE. SCI is used to update the DMRS configuration with respect to the time-domain pattern.
· In mode 1, the DMRS pattern is chosen by the gNB and configured by RRC. Mobility information is provided by the UEs to the gNB.
Table 4. Patterns in time domain for the front-loaded DMRS
	Pattern index
	DMRS positions

	
	0
	1
	2
	3
	4

	1
	1
	4
	
	
	

	2
	1
	6
	
	
	

	3
	1
	9
	
	
	

	4
	1
	4
	7
	
	

	5
	1
	6
	11
	
	

	6
	1
	4
	7
	10
	

	7
	1
	4
	7
	10
	13



Table 5. Patterns in time domain for the non-front-loaded DMRS
	Pattern index
	DMRS positions

	
	0
	1
	2
	3

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	


Observation 5: 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 33: 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 34: PRB bundling is defined for PSSCH, (pre-)configured by the Tx UE from the NR Uu range, i.e. {2, 4} PRBs.
Proposal 35: For PSCCH/PSSCH multiplexing Option 3, PSSCH DMRS and PSCCH can be mapped in the same OFDM symbol within the same or different sub-channel(s) for all the possible subchannel sizes.
Proposal 36: For the sequence of PSSCH DMRS, the pseudo-random sequence in NR Uu is reused:
· Scrambling ID for the sequence generation is based on the CRC of the corresponding SCI
· Extra information can be embedded in the sequence.
Proposal 37: For the case that N= 2 or 4, 1 bit for one TB is carried for sequence-based PSFCH.
Proposal 38: Two-symbol PSFCH is supported where the 1st symbol is a repetition of 2nd symbol for AGC settling.
Observation 6: From system perspective, the long PSFCH format can use ~55% less resource compared to short PSFCH format, in case of a 10-PRB subchannel size of a 40 MHz resource pool configured within a 30 kHz SCS SL-BWP.
Proposal 39: Support one-PRB sequence-based PSFCH format to span all OFDM symbols for sidelink in a slot.
Proposal 40: Confirm working assumption to 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 41: When PSSCH has an associated PSCCH, they are transmitted in the same slot.
Proposal 42: From a system perspective, PSCCH/PSSCH and long format PSFCH are FDMed.
Proposal 43: SL CSI-RS and PSSCH are multiplexed in the same symbol.
Proposal 44: SL CSI-RS reuses NR Uu CSI-RS sequence, and nID is
· configured to TX UE by the gNB in mode 1
· (pre-)configured by the TX UE in mode 2
· signaled via PC5-RRC to RX UE
Proposal 45: For CSI acquisition, SL CSI-RS has 18 resource mapping patterns in NR Rel-16:
	Row
	Ports

	Density

	CDM type
	
	CDM group index 
	

	1
	1
	1
	No CDM
	
	
	

	2
	2
	1
	FD-CDM2
	
	
	


where  for the 1st row,  for the 2nd row,  is the OFDM symbol index corresponding to the last symbol of PSSCH within a slot.
Proposal 46: SL CSI-RS resource mapping pattern is characterized by the number of ports and the frequency-domain location, and it is
· configured to TX UE by the gNB in mode 1
· (pre-)configured by the TX UE in mode 2
· signaled via PC5-RRC to RX UE
Proposal 47: SL CSI-RS for tracking is supported, which reuses that of NR Uu CSI-RS . 
Proposal 48: SL PT-RS reuses PSSCH DMRS sequence.
Proposal 49: The RE offset of SL PT-RS is (pre-)configured per resource pool.
Proposal 50: The RB offset of SL PT-RS is determined based on CRC of PSCCH.
Proposal 51: For association of SL PT-RS with one or two of the PSSCH DMRS port(s), support:
· The number of SL PT-RS antenna ports is the same as the number of PSSCH DMRS antenna ports.
· One-to-one mapping between SL PT-RS antenna port and PSSCH DMRS antenna port is defined.
Observation 7: Based on the MCS indicated in 1st-stage SCI, the RX UE does not need to perform de-rate mating of 2nd-stage SCI REs as long as the TX UE does not map 2nd-stage SCI to SL PT-RS REs.
Observation 8: NR should provide scheduling flexibility beyond that offered in LTE-V2X.
[bookmark: _GoBack]Proposal 52: An AGC training signal needs not be standardized.
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Appendix simulation assumptions
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 4.2.2

	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,



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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