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Introduction
[bookmark: OLE_LINK8][bookmark: OLE_LINK7]In RAN1#98bis [1], physical layer structure in NR V2X is discussed, the following agreements and conclusions are achieved: 
	Agreements:
· A slot is the time-domain granularity for resource pool configuration.
· To down-select:
· Alt 1. Slots for a resource pool is (pre-)configured with bitmap, which is applied with periodicity
· Alt 2. Slots for a resource pool is (pre-)configured, where the slots are applied with periodicity.
· FFS: signaling details
· FFS: how to apply the above bitmap signaling, e.g., to all slots or only to a set of slots
· FFS: symbols for sidelink in the slot, how to indicate for the case when not all symbols are for SL

Agreements:
· Support (pre-)configuration of a resource pool consisting of contiguous PRBs only
 
Agreements:
· For the number of bits of L1 IDs,
· Layer-1 destination ID: 16 bits
· Layer-1 source ID: 8 bits
Agreements:
· 256QAM is supported for SL.
· Support of 256QAM by a UE is FFS between mandatory vs. based on UE capability from the Rx perspective 
· Support of 256QAM is based on UE capability from the Tx perspective
· 64QAM is mandatory

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

Agreements:
· Rel-15 NR PDCCH DMRS pattern is reused for PSCCH DMRS pattern.	
· For frequency-domain pattern for PSCCH DMRS, reuse Rel-15 NR PDCCH DMRS, i.e., comb-4 fixed RE mapping for PSCCH DMRS.
· (Working assumption) For time-domain pattern for PSCCH DMRS, every symbol of PSCCH has PSCCH DMRS REs.
· FFS: how to initialize DMRS sequence generator
Agreements:
· PSCCH for 1st stage SCI with 2 and 3 symbols is supported in Rel-16. 
· FFS: other length(s) of symbols (e.g., all symbols)
· The number of symbols above excludes AGC symbols if any
· The number of PSCCH symbols is explicitly (pre-)configured per Tx/Rx resource pool

Agreements:
· Resource mapping of SL CSI-RS is performed by using one SL CSI-RS pattern in an RB, where the possible patterns in an RB are a subset of NR Uu CSI-RS time-frequency/CDM resource mapping patterns in an RB
· The subset is to be pre-defined by spec 
· FFS how the one pattern is determined (but not part of SCI)
· FFS which subset
Agreements:
· SL CSI-RS is transmitted by a UE only if: 
· when the corresponding PSSCH is transmitted (as agreed before) by the UE, and,
· when SL CQI/RI reporting is enabled by higher layer signaling, and 
· when enabled, if the corresponding SCI by the UE triggers the SL CQI/RI reporting 
Agreements:
· The 2nd stage SCI is carried within the resource of the corresponding PSSCH.
· Scrambling operation for the 2nd stage SCI is applied separately with PSSCH

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

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



In this contribution, we discuss issues on NR sidelink physical layer structure with evaluation results. The discussion is mainly focus on the following topics:
· Resource pool
· PSCCH/PSSCH multiplexing within a slot
· PSCCH design
· PSSCH design
· PSFCH design
· Sidelink RS design
· AGC handling
Resource Pool
In RAN1#98bis meeting, the indication of TDD configuration had been agreed to be carried by PSBCH and the details are FFS. 
The indication of only one NR Uu TDD-UL-DL-Pattern requires more than 30 bits, and the number of bits for NR Uu TDD UL-DL configuration is so large that NR V2X PSBCH cannot accommodate these bits. Therefore, the number of bits for TDD configuration should be reduced in order to include them into NR PSBCH. 
As only uplink slots/symbols can be used for NR sidelink communication, one solution is to only inform the number of consecutive uplink slots/symbols, instead of full downlink/uplink pattern. And 8 kinds of period of TDD configurations are also informed in PSBCH [2].
Since PSBCH will carry the indication of TDD configuration, UE can obtain the available slots and symbols for sidelink transmission from the contents of PSBCH. The UL slots in the TDD configuration of PSBCH are the maximum available set of slots for the UE to determine the set of slots assigned to a resource pool. Slots for a resource pool should be (pre)-configured with bitmap, which is applied with periodicity. And such bitmap should be determined by pre-configuration or RRC signaling.
Proposal 1: Slots for a resource pool is (pre-)configured with bitmap, which is applied with periodicity.
PSCCH/PSSCH multiplexing within a slot
Multiplexing of PSCCH and associated PSSCH have several options as shown in Figure 1.
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	Figure 1: Illustration of the Multiplexing options	
RAN4 made a consensus as following answer for the transient period [3]:
	· Q1: Whether transient period is needed (if so, how much) if power spectral density is different between the last symbol containing PSCCH and the following symbol
· A1: Yes, in case of RB configuration or total transmit power change, transient period is needed, which could result in phase discontinuity for PSSCH.
Basically, RAN4 define transient period as shown in section 6.3.3 in TS38.101-1  
between transmit OFF power and transmit ON power symbols (transmit ON/OFF)
between continuous ON-power transmissions with power change or RB hopping is applied.
· Q2: Whether transient period is needed (if so, how much) if PSCCH and PSSCH use different frequency location and/or resource size in option 1B and 3
· A2: The answer as follow according to PSCCH/PSSCH configurations
Option 1B could result in a different RB configuration (location and/or Size), power spectral density for control than that for data. This could result in a different MPR and AMPR for control and data. Hence, this option needs a transient period. 
Option 3: This option will not need any transient period. In RAN4, MPR and AMPR should be derived for the entire slot and a single value of MPR/AMPR should be used for the entire slot. 
· Q3: Whether there is any impact on the above questions due to different assumptions of amplifiers (e.g., for MIMO purpose, etc.)
· A3: In the case where PSCCH is rank-1 and transmitted from one antenna only, while PSSCH is transmitted from both antennas, the transient period will be needed. It will result in phase discontinuity for PSSCH. 
In the case where PSCCH and PSSCH are transmitted from same the antennas connectors, the answers to the above questions are not impacted.
[image: ]
Figure 2: PSCCH is rank-1 and transmitted from one antenna only
· Q4: Whether there are any other cases that require transient period (if so, how much)
· A4: RAN4 can provide additional analysis result once sidelink physical design becomes clearer



· Option 1A: The frequency resources used by the PSCCH and PSSCH are the same. The frequency resource of SA doesn’t have a fixed length, because the frequency resources of data will vary along with the packet size. The variation of SA frequency resources is challenged for the receiving UE in the blind detection.  Thus, option 1A is not a preferred proposal.
· Option 1B: RAN 4 has shown that option 1B requires a transient period. So, option 1B should also be excluded.
· Option 3: This option has the highest flexibility in multiplexing PSCCH and PSSCH, and needn’t have any transient period. But the coverage of SA is a concern. Option 3 allows a part of PSCCH and the associated PSSCH transmitted using overlapping time resources in non-overlapping frequency resources but another part of the associated PSSCH and/or another part of the PSCCH transmitted using non-overlapping time resources. However, the structure of option 3 can be extended to all the other options as the special subsets of option 3. If the control channel coverage is required to be enhanced, option 3 can transform the structure into option 2 as shown in Figure 3. This is the only one option with the flexibility to solve all of issues in sidelink. The physical channel structure can be changed according to the requirement. 
[image: ]
Figure 3: A flexible structure of option3
For the DMRS of PSCCH and PSSCH, they should be designed independently like CORESET and PDSCH in the NR Uu DL. The DMRS is TDM-multiplexed with the PSSCH symbols that have PSCCH to avoid puncturing in frequency, and no additional DMRS is needed for PSSCH using overlapping time resources with PSCCH. But if the PSCCH is supported more than 3 OFDM symbols, the DMRS of PSCCH and PSSCH need to extend.
Proposal 2: For NR V2X, option 3 should be supported. The structure of option 3 can be extended beyond the scope presented in RAN1# 94.
PSCCH design
2-stage SCI contents
In RAN1#98, 2-stage SCI design has been agreed with 1st SCI carried in PSCCH. For the 2nd SCI of 2-stage SCI, the method of multiplexing of coded UCI bits to PUSCH can be considered as the starting point. To support different QoS and reduce the complexity of blind decoding, The1st stage SCI should keep a predefined fixed search space with most robust and highest aggregation level. The indication of the 2nd stage SCI size can be added in the content of the 1st stage SCI to support the different 2nd SCI size to meet the requirement of different QoS.
Based on above discussion, 2-stage SCI design shall guarantee that single 1st SCI format carries the information at least for sending and/or broadcast communication to be decoded by any UE, and keeping the 1st SCI as small as possible with fixed resource size for all transmission type and meeting highest QoS requirements in the resource pool. The 2nd stage SCI will carry all the remaining information for the target UEs. The contents of 2-stage SCI are shown in Table 1:
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Table 1: The contents of 2-stage SCI
	Bit field
	2-stage SCI

	
	1st-stage SCI
	2nd-stage SCI

	L1-source ID
	
	8 bits

	L1-destination ID
	16 bits
	

	MCS
	5bits
	

	Priority
	3bits
	

	Resource reservation
	4bits
	

	Frequency resource location of initial transmission and retransmission
	Xbits
	

	Time gap between initial transmission and retransmission
	4 bits
	

	Retransmission index
	[1]bit
	

	2nd-stage SCI indicator(AL)
	[4]bits
	

	HARQ ACK/NACK feedback needed
	
	1bit

	HARQ process number
	
	4bits

	NDI
	
	1bit

	RV
	
	2bits

	[bookmark: OLE_LINK23][bookmark: OLE_LINK24]PSSCH RS pattern indication
	2bits
	

	CSI trigger (only for unicast)
	
	1bit

	CSI report (only for unicast)
	
	1bit

	Antenna port(s)
	2bit
	

	Communication range
	
	8bits

	Zone ID 
	
	8bits

	CRC
	24bits
	24bits



[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Those fields highlighted in yellow need to be discussed further.
Proposal 3: The control information should be partitioned based on the list in Table 1 for 2-stage SCI design
Discussion on the resource mapping of 1st SCI
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The impact of error propagation deteriorates the BLER performance of the 2-stage SCI. The 1st stage SCI should have good performance for the coverage area. To reduce the number of PSCCH blind decoding for receiver UEs, the 1st stage SCI should keep a fixed and most robust/highest aggregation level.  The 1st stage SCI can be mapped to a single sub-channel. With the fixed aggregation level and the size of sub-channel, the receiver UE can confirm the predefined search space of PSCCH. As shown in Figure 4, the search space of PSCCH may changes with the size of sub-channel. If sub-channel size is very large, then only 1 symbol for PSCCH is enough.
Proposal 4: 1st SCI should be mapped to a single subchannel with a fixed and most robust/highest aggregation level.


Figure 4: The search space of PSCCH
Discussion on multiplexing of coded 2nd SCI bits to PSSCH 
For the 2nd stage SCI, it can be transmitted like UCI multiplexed on PUSCH.  The 2nd stage SCI can be:
· Polar encoding and rate matched together with data on PSSCH resource
· Same modulation as PSSCH
· Variable number of REs 
· Mapped to all layers of the TB on PSSCH
· Shared DMRS with data on  PSSCH 
· Allocated around the PSSCH DMRS
The details of multiplexing should use the UCI multiplexing on PUSCH as the starting point. However, there are some differences between UCI and 2nd SCI. The decoding of 2nd SCI should be finished as soon as possible before the end of the slot. Thus, 2-stage SCI doesn’t result in PSSCH decoding delay. The process of 2nd SCI decoding depends on the front loaded PSSCH DMRS and independent of PSSCH decoding.  Consequently, the structure of the front PSSCH DMRS will affect the mapping of 2nd SCI on PSSCH. As shown in Figure 5(a), if the first DMRS symbol is not punctured, the 2nd stage SCI can be allocated around the first DMRS symbol. All resources in the blue area can be used by 2nd SCI. As shown in Figure 5(b) and (C), if the first DMRS symbol is punctured, 2nd SCI only can map to the same area as that occupied by the punctured DMRS  in frequency domain. The mapping of 2nd SCI can start at the symbol after the first DMRS symbol which is not punctured.
Proposal 5: The UCI mapping rule can be reused for 2nd SCI.


         
(a)                                                                                 (b)


(c)
Figure 5: The mapping rule of 2nd SCI
PSCCH DMRS design
Sequence r(m) of PDCCH DM-RS in NR Rel-15 is defined as follows:
· 
·  where c(i) is the pseudo-random sequence, and the pseudo-random sequence generator shall be initialized with
· 
· where is the OFDM symbol number within the slot,  is the slot number within a frame, and
·  is given by higher layer parameter if provided; otherwise, 
For NR sidelink, the PSCCH should be able to be decoded by all sidelink UEs for sensing, so  shoud be a fixed value and  should be redefined as the slot number within a sidelink frame.
Proposal 6: For the initialization of PSCCH DMRS sequence,  shoud be a fixed value and   should be redefined as the slot number within a sidelink frame.
If the option 3 is supported, the structure of option 3 should be able to be extended to all the other options as the special subsets of option 3. With the flexible structure, all symbols except AGC and GP positions for sidelink within a slot can be used for PSCCH.
Proposal 7: Except AGC and GP symbols, all the symbols left within a slot can be used for PSCCH.
If the time-domain resource for PSCCH is supported more than 3 OFDM symbols, the time-domain PSCCH DMRS pattern needs to be extended to ensure the good channel estimation performance. Predefined DMRS positions according to different PSCCH length are as shown in table 2. The time-domain pattern of every symbol of PSCCH has PSCCH DMRS Res also can be retained for this case.
Table 2: NR PUCCH format 3 DMRS pattern
	PUCCH length
	DMRS position

	4
	0, 2

	5
	0, 3

	6
	1, 4

	7
	1, 4

	8
	1, 5

	9
	1, 6

	10
	1, 3, 6, 8

	11
	1, 3, 6, 9

	12
	1, 4, 7, 10


Proposal 8: If PSCCH is more than 3 OFDM symbols, the time-domain DMRS pattern of NR PUCCH format 3 can be reused for the PSCCH DMRS pattern design.
Starting symbol/RB of PSCCH
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK25]The latest progress of the following email discussion has been summarized as follows:
	Proposal for potential agreements
· 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.



For the starting RB of PSCCH, we support that the lowest number of PRB index of a PSCCH is the same as that of the corresponding PSSCH. The principle is to maintain a fixed relative position in frequency-domain between control and data per resource pool, which can reduce the overhead of signaling and the complexity of PSCCH blind detection. Therefore, both of two views are fine for the starting RB of PSCCH as long as the pattern is (pre)configured per resource pool.
Porposal 9: The relative position in frequency-domain between PSCCH and corresponding PSSCH should be (pre)configured per resource pool.
For the starting symbol of PSCCH, the 2nd SL symbol in the slot is used. AGC training sequence can be mapped in the 1st SL symbol in the slot. Without AGC training sequence, the AGC symbol must be used for SA or data, or vacant. If SA or data occupies the AGC symbol, the demodulation performance will be affected as the AGC setting process. If the AGC symbol is vacant, which not only waste the physical resources, but also cannot bring any performance improvement.
Proposal 10: AGC training sequence can be mapped in the 1st SL symbol in the slot.
Tx diversity scheme for PSCCH
For the diversity scheme for PSCCH, it has been agreed that the transparent diversity should be used for SA and data in eV2X, so the transparent diversity with single-port should be considered first for the PSCCH in NR V2X. This can reduce the blind decoded complexity and is compatible with NR Uu.
Proposal 11: The transparent diversity should be supported for PSCCH.
PSSCH design
 DMRS pattern in time domain
(Pre-)configuration of one or more PSSCH DMRS pattern(s) in time domain per a resource pool is supported. The configuration methods of DMRS patterns in NR Uu can be a starting point for the PSSCH with the front-loaded DMRS and additional DMRS constitute a complete pattern. For NR V2X, the choice of DMRS pattern in time domain is mainly affected by the Doppler, so it is better to select the pattern based on the subcarrier spacing and relative speed. The DMRS location should avoid the position of AGC and GP symbol(s).  
For mode 2, DMRS pattern is chosen by the transmitter UE from the (pre)configured patterns for the resource pool based on above restrictions. Based on the SCS, the transmitter UE can choose a few proper DMRS patterns directly. However, the transmitting UE might not be capable to estimate the UE speed in advance for receiving UE. Without the relative speed information, the transmitting UE cannot make a correct judgment and choose the suitable DMRS pattern to combat the effect of Doppler. A method of adaptive DMRS pattern relative to the UE speed should be studied in reducing the DMRS overhead. Perhaps, the relative speed between Rx UE and Tx UE for unicast and broadcast can be replaced by the sum of the Tx UE speed and the maximum speed in theory. For groupcast, the Tx UE and Rx UEs of the same group are relatively stationary.  
In mode 1, every UE can report the speed information to the gNB. Through the assistance of the base station, the transmitting UE might be capable to estimate the speed of receiving UE in advance. With the relative speed information, a proper DMRS pattern can be selected for channel estimation. However, this will lead higher-overhead relative speed feedback indication. It is better that sidelink UE can itself determine PSSCH-DMRS pattern
[bookmark: OLE_LINK28][bookmark: OLE_LINK20]Proposal 12: A DMRS pattern in time domain should be selected based on the subcarrier spacing and relative speed.
Proposal 13: In mode-1, sidelink UE can itself determine PSSCH-DMRS pattern
[bookmark: OLE_LINK27][bookmark: OLE_LINK31]It has been agreed that exact DMRS pattern is indicated by SCI. However, per resource pool may have one or more DMRS pattern in time domain. The indication bit of (pre)configured DMRS patterns is included in the  1st stage SCI     The 1st stage SCI should only have a single format with fixed number of information bits.
Proposal 14: The indication bit(s) of (pre)configured DMRS pattern(s) is included in the 1st stage SCI.

NR sidelink slot structure has limited number of symbols for PSCCH and PSSCH. The first and last symbols will be used for AGC and GP, there are only up to 12 symbols left in a slot. Consequently, the DMRS patterns of Uu PDSCH within 12 symbols length should be considered. As shown in table 3, all the patterns can be used directly in sidelink according to the number of symbols of the PSSCH resource in the slot. If the PSFCH exists in the slot, there will be only 9 symbols left for PSSCH transmission.
Table 3:PDSCH DMRS positions  for single-symbol DM-RS.
	Duration in symbols
	DMRS positions 

	
	PDSCH mapping type A

	
	dmrs-AdditionalPosition

	
	0
	1
	2
	3

	9
	
	, 7
	, 7
	, 7

	12
	
	, 9
	, 6, 9
	, 5, 8, 11


The maximum density of DMRS in time domain should not be more than 4 symbols in a slot. The evaluation results for different DMRS time-domain patterns at different numerologies are provided in this contribution. Three DMRS patterns are respectively configured as 2, 3 and 4 symbols in time domain as shown in Figure 6.


Figure 6: DMRS time-domain patterns
It can be observed from the evaluation results in Figure 7 that the 4-symbol DMRS pattern can satisfy the BLER performance for most scenarios except for that of 15kHz SCS with 500 km/h speed. For low speed UEs, all three DMRS patterns can provide sufficient BLER performance. As the speed increases, the BLER performance of lower density pattern such as 2- and 3- symbol DMRS pattern begin to degrade. These evaluation results are provided under different speed scenarios with fixed payload size.
Proposal 15: For 15kHz SCS, 4-symbol DMRS can be used to support the scenarios with relative speed below 280km/h for NR V2X FR1.
Proposal 16: For 30kHz SCS, 3-symbol DMRS within a slot will be sufficient in meeting the BLER performance requirements of NR V2X FR1.
Proposal 17: For 60kHz SCS, 2-symbol DMRS within a slot will be sufficient in meeting the BLER performance requirements of NR V2X FR1.

speed: 120km/h                                                              speed: 280km/h
[image: ]
speed: 500km/h
Figure 7: Evaluation results for different DMRS patterns in Highway-LOS scenario
Based on the above discussion, the pre-defined DMRS patterns based on SCS for sidelink in FR1 are listed in table 4. There are 4 possible DMRS patterns in total.
Table 4: PSSCH DMRS positions for different SCS (without PSFCH)
	SCS
	PSSCH DMRS positions in time domain

	15KHz
	l=6
	4,10
	4,7,10
	3,6,9,12

	30KHz
	l=6
	4,10
	4,7,10
	

	60KHz
	  l=6
	4,10
	
	


Table 5: PSSCH DMRS positions for different SCS (with PSFCH)
	SCS
	PSSCH DMRS positions in time domain

	15KHz
	l=4
	4, 8

	30KHz
	l=4
	4, 8

	60KHz
	l=4
	4,8



Where l is the position of the single DMRS symbol, this pattern can be used for the communication between members of a group, or in low speed scenario. 
Proposal 18: The time-domain DMRS patterns for NR V2X in table 4 and table 5 should be considered.
[bookmark: OLE_LINK35][bookmark: OLE_LINK34]For broadcast communication, a fixed DMRS pattern should be used like LTE V2X because the Tx UE only can get the information of the subcarrier spacing but no information of the Rx UEs speed. Thus, a default DMRS pattern should be supported regardless of UE speed for each SCS.
Proposal 19: A default DMRS pattern should be supported regardless of UE speed for each SCS.
If the time-domain resource of PSCCH can be more than 3 OFDM symbols, the DMRS for PSSCH will likely use the overlapping time-domain resource with PSCCH. In this situation, the DMRS for PSSCH should be punctured as shown in Figure 8. About whether PSSCH DMRS and PSCCH can be mapped in the same OFDM symbol within the same sub-channel and within the different sub-channels, the case within the different sub-channels can be supported firstly, because the number of independent channel estimations will not increase. For the case within the same sub-channel, the number of independent channel estimations is related to the precoding granularity. If the precoding granularity is RB level, the channel estimation complexity doesn’t have to change. Thus, PSSCH DMRS and PSCCH can be mapped in the same OFDM symbol.


[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Figure 8: The punctured structure for PSSCH DMRS
Proposal 20: The DMRS for PSSCH using the overlapping time-domain resource with PSCCH should be punctured.
DMRS frequency-domain pattern: Type-1 vs Type-2
In NR Uu, the structure of Type-1 and Type-2 DMRS is illustrated in Figure 9. It can be observed that Type-2 DMRS uses the less overhead of reference signal resource element than Type-1 DMRS. With the same data payload size, Type-2 can get lower coding rate so that bring better BLER performance gain in highway-LOS channel as shown in Figure 10. However, urban-NLOS scenario will make the performance of Type-2 deteriorated. The main reason is that the delay spread of NLOS model in urban scenario is much higher than that of LOS model in highway scenario, which means the coherence bandwidth of channel is smaller. The urban-NLOS channel changes quickly in the frequency domain. So we can see the performance of Type-2 becomes worse and worse with the increase of SCS.


Figure 9: NR Uu DMRS frequency pattern Type-1 and Type2

                          a)120km/h, Highway-LOS                                        b)500km/h, Highway-LOS
[image: ]
c)120km/h, Urban-NLOS
Figure 10: The bler performance of type-1 and type-2 DMRS pattern
Proposal 21: Both Type-1 and Type-2 should be supported as the frequency-domain pattern of PSSCH DMRS.
2-ports CDMed DMRS vs 2-ports FDMed DMRS
[bookmark: OLE_LINK6][bookmark: OLE_LINK12][bookmark: OLE_LINK17]In this subsection, the performance of 2-ports CDMed DMRS and FDMed DMRS patterns is evaluated. The structure of CDM and FDM is provided in Figure 12. We can see from the Figure 11 that CDMed DMRS pattern use less overhead than FDMed pattern. In theory, CDMed pattern can bring better performance than FDMed pattern because of the lower coding rate under the same payload size. Besides, FMDed pattern with the puncture DMRS sequence is used for the channel estimation of each antenna port, it will cause degraded channel estimation performance because the punctured DMRS sequence has worse CM property compared with legacy full DMRS sequence and may lose orthogonality.


Figure 11: CDMed DMRS vs FDMed DMRS
Figure 12 provides the evaluation results of CDMed and FDMed pattern. It can be observed that CDMed pattern has a better BLER performance. However, the CDMed pattern needs to guarantee quasi-co-location of two antennas to keep the orthogonality of DMRS between different cyclic shifts. If only CDMed pattern is adopted, that will certainly limit the placement of antennas. Thus, both CDMed pattern and FDMed pattern should be considered as candidate.
Proposal 22: For 2-ports DMRS, both CDMed pattern and FDMed pattern should be considered.

                                   Speed: 120km/h                                                        Speed: 500km/h
Figure 12: BLER performance of CDMed pattern and FDMed pattern
Tx diversity scheme for PSSCH
For Tx diversity scheme of PSSCH, the transparent diversity should be considered preferentially. This can maintain compatibility with NR Uu and bring performance gain. Besides, the non-transparent TxDs need extra SCI indicator fields and also degrade the performance of IRC receiver in interference limited scenario. So the transparent diversity should be supported for PSSCH.
Porposal 23: The transparent diversity should be supported for PSSCH.
PSFCH design
The latest progress of the following email discussion has been summarized as follows:
	Proposal from potential agreements: 
· For the agreed sequence-based PSFCH format with onesymbol (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 howto handle AGC issue for the agreed sequence-based PSFCH format with onesymbol (not including AGC training period) to decide whether/how to support2-symbol PSFCH format.


As the PSFCH is sequence-based, the correlation detection without demodulation is not affected by speed and SCS. The simulation results are illustrated in Figure 13. Under different speeds and SCS scenarios, we probably notice no performance difference in the evaluation results. 

Figure 13: The effect of speed and SCS on PSFCH(left: speed, right: SCS)
Proposal 24: Speed and SCS have no effect on PSFCH detection performance.
[bookmark: OLE_LINK5][bookmark: OLE_LINK9]It has been agreed that only 1bit can be carried for the case of N=1. For the case of N=2 or 4, 1bit per PSFCH for N=2 case and 2bits per PSFCH for N=4 case should be supported. Besides, there is no needs to support simultaneous transmission of multiple PSFCH, which will make the HARQ feedback mechanism more complicated. If Tx UE can transmit multiple PSSCH packets simultaneously in a PSFCH period, Rx UE can jointly use the different mapping locations of the feedback resource and the information carried by the feedback channel to acknowledge the multiple packets. As shown in Figure 14, the Rx UE picks one of the candidate feedback positions to transmit specific feedback information to distinguish the feedback status of multiple packets [6].

     


Figure 14: Tx UE transmits multiple PSSCH packets simultaneously in a PSFCH period
Proposal 25: 1bit per PSFCH for N=2 case and 2bits per PSFCH for N=4 case should be supported
Figure 15 shows the effect of the additional number of symbols on the correlation detection performance. When the PSFCH is transmitted with full power, extending the time-domain resource with a repetition can improve the PSFCH performance. 
[image: ]
Figure 15: The influence of time and frequency resources on PSFCH
Proposal 26: Extending the time-domain resource with a repetition can improve the PSFCH performance.
For the sequence-based feedback channel, the detection of the sequence-based PSFCH is based on correlation peak and might not need the AGC symbol for tuning, the structure is as shown in Figure 16. 


Figure 16: Multiplexing between PSCCH/PSSCH and PSFCH
According to the RAN4 discussion, RAN4 provide following answer to RAN1 [4][5]:
· AGC settling time : 
· For single CC using CP-OFDM waveform and at least 10 RB allocation
·  35 usec for 15 kHz SCS
·  35 usec for 30 kHz SCS
·  18 usec for 60 kHz SCS
· RAN4 has not studied the multicarrier cases.
· In case that 1 RB PSFCH signal is used one symbol AGC settling time is achievable for all SCSs.
Based on the answers from RAN4, AGC setting are evaluated. Figure 17 shows the worst effect of AGC setting on the PSFCH performance without AGC symbol under different SCS condition. It can be seen the performance of 15KHz SCS is least affected, because 15KHz SCS has the longest symbol period. The process of AGC setting takes only half a symbol period. But for 30KHz and 60KHz SCS, the process of AGC setting will take a whole symbol period. Thus, the PSFCH performance is worse than that of 15KHz SCS. Even so, the performance of 2-symbol PSFCH without AGC symbol is still better than that of 1 symbol for PSFCH with an AGC symbol.
 [image: ]
a) SCS=15KHz
 [image: ]
b) SCS=30KHz
[image: ]
c) SCS=60KHz
Figure 17: The effect of AGC setting on PSFCH
Proposal 27: Support 2-symbol PSFCH format with a repetition of the one-symbol PSFCH format ( including AGC training period)
Sidelink RS design
CSI-RS
For sidelink unicast, the method of CSI acquisition through CSI feedback is supported. UE may need to perform CSI acquisition for link adaptation or beamforming. It has been agreed to support at least sidelink CSI-RS for CQI/RI measurement in RAN1#96bis, and sidelink CSI-RS is confined within the PSSCH transmission. The CSI-RS of NR Uu should be a good starting point for sidelink CSI-RS designing. However, the sidelink CSI-RS symbols can be placed at the beginning of a slot and also serve as AGC training signals. This method can save the CSI-RS overhead, and it is just like to use the AGC-RS for CSI measurement. 
Table 6: NR Uu CSI-RS locations within a slot
	Row
	Ports[image: ]
	Density [image: ]
	cdm-Type
	[image: ]
	CDM group index [image: ]
	[image: ]
	[image: ]

	3
	2
	1, 0.5
	FD-CDM2
	,
	0
	0, 1
	0


Proposal 28: The CSI-RS of NR Uu should be reused for sidelink CSI-RS designing.
Proposal 29: Sidelink CSI-RS symbols can be placed at the beginning of a slot and also serve as AGC training signals.
PT-RS
The latest progress of the following email discussion has been summarized as follows:
	Proposal for potential agreements
For FR2, 
· Sidelink PT-RS RE patterns are the same as Rel-15 NR Uu 
· Support multiple densities in time and frequency domains, as Uu
· The equivalent of PTRS-UplinkConfig giving the bandwidth and MCS thresholds for setting the densities is (pre-)configured per resource pool
· RE offset is determined based on a (pre-)configured resourceElementOffset value
· RB offset is down-selected in RAN1#99.
· Alt 1. Fixed as 0.
· Alt 2. Determined based on L1 destination ID.
· Alt 3. Determined based on L1 source ID.
· Alt 4. Determined based on CRC of PSCCH.
· Association with one or two of the DMRS port(s) is used, down select in RAN1#99 among:
· Alt 1. The number of PT-RS antenna ports is the same as the number of DMRS antenna ports. 
· [bookmark: OLE_LINK32][bookmark: OLE_LINK33]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


For RB offset, as the 2nd stage SCI relies on PT-RS to compensate phase noise, the ID belongs to 2nd stage SCI can’t be used to determine the RB offset. To achieve randomization between different UEs, so Alt 1 should not be supported. For now, the SCI contents haven’t been finalized yet. Thus, using CRC of PSCCH may be a good choice to determine RB offset.
Proposal 30: RB offset is determined based on CRC of PSCCH.
For the association between DMRS and PT-RS, it is better to maximally reuse the principle of NR Uu and avoid introducing some additional fields in SCI. However, the number of PT-RS antenna ports should not be limited to one, because NR sidelink supports up to 2 layers transmission. 
Proposal 31: The number of PT-RS antenna ports and the association between DM-RS port and PT-RS port are (pre)configured.
If MCS field has been decided to be placed in 1st stage SCI, then the PT-RS pattern will be known based MCS value and BW size for the Rx UE. In this case, Rx UE doesn’t need to perform blind de-rate matching of 2nd stage SCI Res.
AGC handling
In LTE V2X, the signal strength from a receiving UE will be changed rapidly subframe by subframe due to received signals from different target UEs. The first symbol is used for AGC tracking. However, the puncture mechanism is employed for the AGC tracking symbol, which the data was mapped onto the first symbol and punctured. If the flexible numerology is introduced with higher SCS for NR V2X, the duration of symbols becomes shorter for higher SCS. One OFDM symbol length might not be enough for the AGC training with the same processing speed. To mitigate the AGC training issues, it would be better to introduce an AGC training signal. Since CP-OFDM signal has more dynamic power over time-domain than a random sequence, more CP-OFDM samples are needed to obtain averaged power with less variation. In other words, a time-domain sequence with lower PAPR or constant envelope can effectively reduce AGC measurement time.
Proposal 32: A time-domain sequence with lower PAPR or constant envelope can effectively reduce AGC measurement time.
An AGC training sequence could be transmitted at the beginning of the slot before every data transmission. The AGC training sequence could be used for AGC training purpose, channel tracking, and along with DMRS for channel estimation. The AGC training sequence could also be used for the receiving UE to perform CSI acquisition. The other function could be by AGC training sequence is the RS for the channel clearance detection for LBT. Figure 18 shows the structure. Without AGC training sequence, the AGC symbol must be used for SA or data, or vacant. If SA or data occupies the AGC symbol, the demodulation performance will be affected as the AGC setting process. If the AGC symbol is vacant, which not only waste the physical resources, but also cannot bring any performance improvement.
[image: ]
Figure 18: AGC RS structure
The evaluation results of AGC training sequence are provided in this part. Here we use the ZC-sequence to fill the AGC symbol. The frequency offset estimation using AGC training sequence is evaluated. The BLER performance shows in Figure 19 that the AGC training sequence improves the performance significantly. Both 15kHz SCS and 30kHz SCS-2DMRS cannot work in ultrahigh-speed scenarios. But the BLER performance gets improvement with the help of AGC training sequence. Besides, we also consider the effect of AGC setting on the AGC training sequence. It has been proved that the correlation peak detection might not be affected by the AGC setting process in section 6. The evaluation results with AGC setting are shown in Figure 20. A little BLER performance difference can be seen between Figure 19 and Figure 20. In conclusion, the AGC setting process has very little effects on the frequency offset estimation using AGC training sequence.
[image: ] 
Figure 19: The BLER performance without AGC-setting influence
[image: ]
Figure 20: The BLER performance with AGC-setting influence
Proposal 33: The AGC training sequence should be considered in the V2X sidelink channel for CSI acquisition, AGC tracking and along with DMRS for channel estimation before every data transmission.
Conclusion
In this contribution, we provide some proposals on the NR V2X physical structure as follow:
Proposal 1: Slots for a resource pool is (pre-)configured with bitmap, which is applied with periodicity.
Proposal 2: For NR V2X, option 3 should be supported. The structure of option 3 can be extended beyond the scope presented in RAN1# 94.
Proposal 3: The control information should be partitioned based on the list in Table 1 for 2-stage SCI design.
Proposal 4: 1st SCI should be mapped to a single subchannel with a fixed and most robust/highest aggregation level.
Proposal 5: The UCI mapping rule can be reused for 2nd SCI.
Proposal 6: For the initialization of PSCCH DMRS sequence,  shoud be a fixed value and   should be redefined as the slot number within a sidelink frame.
Proposal 7: Except AGC and GP symbols, all the symbols left within a slot can be used for PSCCH.
Proposal 8: If PSCCH is more than 3 OFDM symbols, the time-domain DMRS pattern of NR PUCCH format 3 can be reused for the PSCCH DMRS pattern design.
Porposal 9: The relative position in frequency-domain between PSCCH and corresponding PSSCH should be (pre)configured per resource pool.
Proposal 10: AGC training sequence can be mapped in the 1st SL symbol in the slot.
Proposal 11: The transparent diversity should be supported for PSCCH.
Proposal 12: A DMRS pattern in time domain should be selected based on the subcarrier spacing and relative speed.
Proposal 13: In mode-1, sidelink UE can itself determine PSSCH-DMRS pattern
Proposal 14: The indication bit(s) of (pre)configured DMRS pattern(s) is included in the 1st stage SCI.
Proposal 15: For 15kHz SCS, 4-symbol DMRS can be used to support the scenarios with relative speed below 280km/h for NR V2X FR1.
Proposal 16: For 30kHz SCS, 3-symbol DMRS within a slot will be sufficient in meeting the BLER performance requirements of NR V2X FR1.
Proposal 17: For 60kHz SCS, 2-symbol DMRS within a slot will be sufficient in meeting the BLER performance requirements of NR V2X FR1.
Proposal 18: The time-domain DMRS patterns for NR V2X in table 4 and table 5 should be considered.
Proposal 19: A default DMRS pattern should be supported regardless of UE speed for each SCS.
Proposal 20: The DMRS for PSSCH using the overlapping time-domain resource with PSCCH should be punctured.
Proposal 21: Both Type-1 and Type-2 should be supported as the frequency-domain pattern of PSSCH DMRS.
Proposal 22: For 2-ports DMRS, both CDMed pattern and FDMed pattern should be considered.
Porposal 23: The transparent diversity should be supported for PSSCH.
Proposal 24: Speed and SCS have no effect on PSFCH detection performance.
Proposal 25: 1bit per PSFCH for N=2 case and 2bits per PSFCH for N=4 case should be supported
Proposal 26: Extending the time-domain resource with a repetition can improve the PSFCH performance.
Proposal 27: Support 2-symbol PSFCH format with a repetition of the one-symbol PSFCH format ( including AGC training period)
Proposal 28: The CSI-RS of NR Uu should be reused for sidelink CSI-RS designing.
Proposal 29: Sidelink CSI-RS symbols can be placed at the beginning of a slot and also serve as AGC training signals.
Proposal 30: RB offset is determined based on CRC of PSCCH.
Proposal 31: The number of PT-RS antenna ports and the association between DM-RS port and PT-RS port are (pre)configured.
Proposal 32: A time-domain sequence with lower PAPR or constant envelope can effectively reduce AGC measurement time.
Proposal 33: The AGC training sequence should be considered in the V2X sidelink channel for CSI acquisition, AGC tracking and along with DMRS for channel estimation before every data transmission.
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Appendix
In this section, we provide link level evaluation assumptions used for analysis of NR sidelink physical layer.
[bookmark: _Ref521664105]Table 7. Link level evaluation assumption
	Parameters 
	Assumptions 

	Carrier frequency 
	5.9 GHz 

	Waveform 
	CP-OFDM,

	Subcarrier spacing 
	15 kHz, 30 kHz, 60 kHz 

	DS 
	100ns 

	PSSCH length
	12 symbols

	DMRS pattern
	4 columns:<2,5,8,11>
3 columns:<3,6,9>
2 columns:<3,9> 
Type-1,Type-2

	Channel estimation 
	No-Ideal 

	Channel model 
	Sidelink: Highway-LOS, Urban-NLOS

	Channel coding 
	LDPC 

	Antenna configuration 
	(Tx, Rx) = (2, 4)  1/2 ports

	UE speed (Relative ) 
	120 km/h, 280km/h, 500km/h 

	Modulation 
	16QAM 

	TBS 
	800/200 bytes

	PRB 
	25 RBs 
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