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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the previous meeting, there are some remaining issues related to SL physical layer structure design as follows. And in this contribution, we will discuss these aspects.
· TBS determination
· Scrambling sequence initialization 
· PSSCH DMRS 
· Frequency domain OCC design for PSCCH DMRS
· SCI formats
· Details of Extended CP
2. [bookmark: OLE_LINK5]Discussion
2.1. TB size determination
In R15 NR Uu, the TB size is calculated according to the number of symbols scheduled for PDSCH/PUSCH, the number of DMRS symbols, MCS, the indicated overhead for PDCCH and potential CSI-RS/PTRS configurations. 
For PSSCH, the TB size calculation in NR Uu could be considered as a starting point. If a subset of symbols in a slot is configured for SL, only those symbols can be considered for TBS calculation. Further, if PSFCH is enabled for the resource pool, the corresponding symbols for PSFCH and some additional overheads for AGC and GP should be excluded. For PSCCH/PSSCH multiplexing option 3, the number of REs used for PSCCH should be considered. If CSI-RS and/or PTRS is (pre-)configured, the overhead needs to be considered. Moreover, the additional overhead of GP symbol, AGC symbol, DMRS, and 2nd SCI should be taken into account. Therefore, the following proposal is made. 
[bookmark: _Ref32608690]Proposal 1: The following factors should be considered in TBS calculation for PSSCH: 
· Available symbols for SL transmission per slot 
· PSFCH resource
· PSCCH resource 
· The AGC symbol and GP symbol 
· The overhead of CSI-RS and PTRS 
· The overhead of DMRS 
· The overhead of 2nd stage SCI
Further, the RX UE may miss previous (re-)transmissions of a TB on account of resource collision. Therefore, the TBS of current TB re-transmission cannot be acquired from the previous (re-)transmissions, thus the RX UE needs to calculate the TBS from the PSSCH RE allocation of the current re-transmission. For example, assuming that the initial transmission of a TB is assigned with 10 symbols and the re-transmission is assigned with 13 symbols (e.g. due to different number of available SL symbols in different slots), if the RX UE misses the initial transmission, and calculate the TBS based on the TDRA of the re-transmission, the RX UE may assume an incorrect TBS and invalid soft buffer, resulting in a decoding error that cannot be recovered by HARQ retransmissions.
Moreover, for the purpose of soft combining, RX UE needs to assume the same TBS between (re-)transmissions. Considering some (re-)transmissions of the TB may contain PSFCH resource in PSSCH slot, while some others may not contain the PSFCH resources, it is challenging for TX UE to align TBS between (re-)transmissions. Therefore, it is preferred that for TBS determination, the PSFCH resource is always counted as overhead symbols for either initial transmission and each re-transmission, regardless whether PSFCH is contained in the slot of the current PSSCH (re-)transmission. 
Similarly, some PSSCH (re-)transmissions contain CSI-RS and/or PTRS while others does not contain CSI-RS and/or PTRS. That will lead to the different number of available resources for TBS calculation among different (re-)transmissions. Therefore, we prefer that the overhead of CSI-RS and PTRS is configured by the higher parameter as a fixed value for TBS calculation regardless of whether CSI-RS and/or PTRS is configured or not in that slot.
Regarding the 2nd stage SCI, the number of occupied resources is determined by the indication of the 1st stage SCI with beta offset indicator. In order to align with the number of resources for the TBs between (re-)transmissions for TBS calculation, the value should be the same. 
[bookmark: _Ref32535386]Proposal 2:  For TBS determination, if PSFCH is configured for the resource pool, the number of PSFCH symbols are counted as overhead for each PSSCH (re)-transmission.
[bookmark: _Ref32604579]Proposal 3: For TBS determination, the overhead of CSI-RS and/or PTRS is configured by a higher layer parameter.
[bookmark: _Ref32604588]Proposal 4: For TBS determination, the overhead of 2nd stage SCI is determined from the 1st stage SCI indication, which is assumed to be the same for one TB between different (re-)transmissions.
Some link-level simulation parameters and results were performed and listed in Appendix A. 

The following TP is proposed for TS 38.214[1] is proposed:
	TS 38.214
8.1.3.2	Transport block size determination
The UE shall first determine the number of REs (NRE) within the slot.
The UE determines the transport block size as specified below:
· A UE first determines the number of REs allocated for PSSCH within a PRB () by , where  is the number of subcarriers in a physical resource block,  is the number of symbols of the PSSCH allocation within the slot which is not include the GP symbol. The first symbol should be excluded as it is duplicated as defined in [TS 38.211].  is the number of symbols of PSFCH, which is set to 3 if the PSFCH is configured in the resource pool, otherwise set to 0.  is the number of REs for DM-RS per PRB in the scheduled duration according to the indication of the 1st stage SCI. is the overhead configured by higher layer parameter xOverhead. If the xOverhead is not configured, the  is set to 0. 
· [bookmark: OLE_LINK16][bookmark: OLE_LINK17]A UE determines the total number of REs allocated for PSSCH () by  , where is the total number of allocated subchannels for the UE, and  is the subchannel size configured by higher layers and the  is the REs used for PSCCH which can be acquired from higher layer configuration.
· Next, proceed with steps 2-4 as defined in Subclause 5.1.3.2.



2.2. [bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Scrambling sequence initialization
· Initialization of the scrambling sequence generator of PSCCH
According to the design principle, the 1st stage SCI is at least for sensing purpose, and all UEs could decode the first stage SCI to get the resource reservation information. Hence, it is preferred not to use CRC scrambling on the 1st stage SCI. 
Moreover, the NR PDCCH scrambling sequence generation could be reused in PSCCH. The scrambling sequence generator could be initialized with the following formula:

  is a resource pool ID that could be used for the 1st stage SCI to reduce potential interference. 
[bookmark: _Ref32312984]Proposal 5: The resource pool ID could be used for the initialization of the scrambling sequence generator.

[bookmark: _GoBack]The following TP for TS 38.211 [4] is proposed:
	[bookmark: _Toc454818125]TS 38.211
8.3.2	Physical sidelink control channel
[bookmark: _Toc11324549]8.3.2.1	Scrambling
The block of bits , where  is the number of bits transmitted on the physical channel, shall be scrambled prior to modulation, resulting in a block of scrambled bits  according to

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

Where  is the resource pool ID configured by higher layer sl-ResourcePoolID-r16.



· Initialization of the scrambling sequence generator of 2nd stage SCI
For sequence generation of the 2nd stage SCI, some potential collisions between different transmissions of 2nd stage SCI should be taken into consideration. In our opinion, the CRC of the 1st stage SCI could be used for the scrambling sequence initialization which can realize the interference randomization. The scrambling sequence generator could be initialized with the following formula:

 is the decimal representation of the 16-bit LSB of CRC on the PSCCH associated with the PSSCH,
 is the resource pool ID which could be used for the 1st stage SCI to reduce potential interference. 
[bookmark: _Ref32312996]Proposal 6: The 16-bit LSB of the CRC of the 1st stage SCI can be used for the scrambling sequence initialization for 2nd stage SCI.
· Initialization of the scrambling sequence generator of PSSCH
In LTE V2X, the SA CRC is used to generate PSSCH DMRS and data scrambling sequences for broadcast transmission. In NR V2X, the broadcast, unicast and groupcast can transmit in the same resource pool. In our opinion, destination ID can be used to generate PSSCH scrambling sequence to handle potentially multiple PSSCH transmitted in the overlapped resources. It is beneficial from multi-layer transmission introduced in NR SL. The scrambling sequence generator could be initialized with the following formula:

 is the L1 destination ID of the transmission.
 is the resource pool ID which could be used for the 1st stage SCI to reduce potential interference. 
[bookmark: _Ref32313000]Proposal 7: The L1 destination ID is applied to the initialization of the scrambling sequence generator of PSSCH.

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

-	where the quantity equals the decimal representation of CRC on the PSCCH associated with the PSSCH according to  with  and  given by clause 7.3.2 in [TS 38.212]. And  is the resource pool ID configured by higher layer.
-	for 
-	
-	The scrambling sequence generator shall be initialized with

-	where  is the destination ID of the transmission. And  is the resource pool ID configured by higher layer.



2.3. PSSCH DMRS
In RAN1 #97 meeting, the following working assumption was achieved:
	Working assumption:
· Rel-15 PDSCH DMRS Configuration type 1 and/or type 2 are reused for frequency-domain pattern of PSSCH DMRS.
· FFS whether to support either one or both types
· FFS details on multiplexing of different ports for PSSCH DMRS


· DMRS pattern
Two-port PSSCH transmission is supported in NR. In the previous meeting, it was agreed that one symbol pattern can be used for PSSCH DMRS. Further, in our opinion, DMRS configuration type 1 (i.e. comb 2) with one symbol can support up to 4 ports which can meet the requirement. In R15 NR Uu, the DMRS configuration type 2 was design mainly for MU-MIMO to support up to 12 DMRS ports. However, MU-MIMO is not the target scenario in R16 NR V2X, hence, there is no need to support so many ports for PSSCH. In our opinion, the DMRS configuration type 1 could be reused for PSSCH frequency domain DMRS pattern, which should be enough.
[bookmark: _Ref32313009]Proposal 8: Uu DMRS configuration type 1 with one symbol is reused for PSSCH frequency domain DMRS pattern.
Another issue is detail patterns for one port and two ports. We assuming that only single-symbol DMRS is supported for PSSCH DMRS. For one port, the default configuration (e.g., port 1000 in NR Uu) could be supported for NR V2X. As regard to two ports, it could be FDMed DMRS or CDMed DMRS. In general, both CDMed and FDMed DMRS have their cons and pros respectively. Therefore, we think that both FDMed DMRS and CDMed DMRS could be supported in NR V2X as NR Uu. The exact DMRS pattern can be indicated in the 1st stage SCI. Ports of 1000, 1002 defined in NR Uu can be used for FDMed DMRS, and ports of 1000, 1001 defined in NR Uu can be used for CDMed DMRS. The following table can be used:
Table 1 The configuration of DMRS port(s)
	
	Value
	DMRS port(s)
	Frequency domain

	FDM
	0
	0
	0 2 4 6 8 10

	
	1
	0,1
	0-11

	FD-CDM2
	2
	0
	0 2 4 6 8 10

	
	3
	0,1
	0 2 4 6 8 10



[bookmark: _Ref32313014]Proposal 9: CDMed DMRS and FDMed DMRS can be supported in NR V2X. The indication of CDM or FDM can be indicated in the 1st stage SCI.

The following TP for TS 38.211 [4] is proposed:
	TS 38.211 8.4.1.1.2
[bookmark: _Toc11324560]8.4.1.1.2	Mapping to physical resources
The sequence  shall be mapped to the intermediate quantity  according to 





The patterns used for the PSSCH DM-RS is indicated in the SCI as described in clause XXX of [TS 38.212].
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Where  are given by Table 8.4.1.1.2-1 and 8.4.1.1.2-2, and both  and correspond to .  The intermediate quantity   if   or  does not correspond to .
Table 8.4.1.1.2-1: Parameters for PSSCH DM-RS with CDM.
	
	
	

	
	
	
	

	0
	0
	+1
	+1

	1
	0
	+1
	-1



Table 8.4.1.1.2-2: Parameters for PSSCH DM-RS with FDM.
	
	
	

	
	
	
	

	0
	0
	+1
	+1

	1
	1
	+1
	+1



The intermediate quantity  shall be precoded, multiplied with the amplitude scaling factor   in order to conform to the transmit power specified in [6, TS 38.214], and mapped to physical resources according to

where 
-	the precoding matrix  is given by clause 8.3.1.4, 
-	the set of antenna ports  is given by clause 8.3.1.4, and
-	the set of antenna ports  is given by [6, TS 38.214];
and the following conditions are fulfilled:
-	the resource elements  are within the common resource blocks allocated for PSSCH transmission.
The quantity  is defined relative to subcarrier 0 in common resource block 0 and the quantity  is defined relative to the start of the scheduled resources for transmission of PSSCH and the associated PSCCH, including the OFDM symbol duplicated as described in clauses 8.3.1.5 and 8.3.2.3.




· DMRS pattern selection
During the email discussion after RAN1#99 meeting, there was discussion about how a DMRS pattern is selected but no conclusion. Different candidate patterns could be configured for different subcarrier spacing, and UE indicates one DMRS pattern from the candidate patterns for the corresponding subcarrier spacing. In our view, although subcarrier spacing is an important factor to determine a DMRS pattern, it is not the only factor. Other factors such as UE speed should also be considered when selecting a DMRS pattern. 
Moreover, the DMRS configured by the transmitter UE may not perform well. Some feedback information from the receiver UE could be beneficial to help to choose the DMRS pattern. For example, the receiver UE could obtain the channel estimation assuming each DMRS configuration in the DMRS candidate sets, and then select the best one and feedback the selection to the transmitter UE. The transmitter UE could select one DMRS pattern considering the feedback information. It could improve the performance of demodulation. 
[bookmark: _Ref32533184]Proposal 10: DMRS pattern selection is based on the following parameters: 
· SCS 
· UE speed 
· Feedback information (i.e., recommended DMRS pattern from Rx UE)
2.4. Frequency domain OCC design for PSCCH DMRS
	Agreements: 
· NR PDCCH DMRS sequence is the baseline for PSCCH DMRS sequence at least with the following modification. 
· n_ID is determined by a (pre-)configured value per resource pool 
· Frequency-domain OCC is applied, one of the [2 or 3 or 4] OCCs is randomly selected by the Tx UE. 
· Note: there is no (pre-)configuration on the number of OCCs.


It was discussed that the candidate lengths of OCC for PSCCH DMRS are 2, 3 and 4. In principle, a higher number of candidates is beneficial for interference randomization, with the cost of higher implementation complexity. On the other hand, it is worth noting that the number of PRBs supported for PSCCH are 10, 12, 15, 20, 25 with three REs in one PRB. 2 or 4 OCCs do not well fit for 15 and 25 PRBs PSCCH. Therefore, for simplification we prefer to support 3 OCCs for PSCCH DMRS.
[bookmark: _Ref32313027]Proposal 11: PSCCH DMRS OCC is selected from 3 candidate OCCs.

The following TP for TS 38.211 [4] is proposed:
	TS 38.211 
8.4.1.3.2	Mapping to physical resources
The sequence  shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power specified in [5, 38.213] and mapped in sequence starting with  to resource elements  in a slot on antenna port  according to

The orthogonal sequence  is given by Table xxx where  is the index of the orthogonal sequence to use according to [TS 38.213].
Table xxx Orthogonal sequences  for PSCCH DMRS
	
	

	 
	[0 0 0]

	
	[0 1 2]

	 
	[0 2 1]






2.5. SCI formats
In this section, we list up some SCI fields and sizes carried in the 2nd stage SCI. It is assumed that the 2-stage SCI is applied not only to unicast and groupcast, but also to broadcast. Therefore, it is preferable that the 1st stage SCI carry information to distinguish different formats to indicate the following formats. According to the following classification, UE needs fewer padding bits can achieve better demodulation of the 2nd stage SCI. The detailed information for 2nd stage SCI format can be found in the following table:
[bookmark: _Ref32245535]Table 2 Fields and sizes of the 2nd stage SCI
	Bit-field
	The 2nd stage SCI formats
	Notes

	
	SCI format 0-2-1 (for unicast and type 2 groupcast)
	SCI format 0-2-2 (for type 1 groupcast)
	SCI format 0-2-3 (for broadcast)
	

	Source ID
	8bits
	8bits
	8bits
	Used for data combination.

	Destination ID
	16bits
	16bits
	16bits
	

	HARQ process ID
	4bits
	4bits
	N/A
	Distinguish different transmissions processes.

	New data indicator
	1bit
	1bit
	N/A
	

	Redundancy version
	2bits
	2bits
	N/A
	

	CSI request
	1bit
	N/A
	N/A
	This field is not applied to type2 groupcast

	Presence of HARQ feedback
	1bit
	1bit
	N/A
	

	Zone ID
	N/A
	12bits
	N/A
	

	NACK distance range
	N/A
	3bits
	N/A
	Details analysis can be found in [5]

	CRC attachment
	24bits
	[bookmark: OLE_LINK2][bookmark: OLE_LINK3]24bits
	24bits
	

	Reserved bits
	4bits
	4bits
	4bits
	For forwad compatibility

	Total payloads
	61bits
	68-69bits
	52bits
	


[bookmark: _Ref32313033]Proposal 12: The 1st stage SCI indicates the formats of the 2nd stage SCI base on Table 2.

The following TP for TS 38.212 [3] is proposed:
	TS 38.212
8.3.1.1	SCI format 0-1
<Unchanged parts omitted>
-	2nd-stage SCI format – 2[x] bits as defined in subclause x.x.x of [6, TS 38.214].

<Unchanged parts omitted>
8.4.1.1	SCI format 0-2
SCI format 0-2 is used for the decoding of PSSCH.
The following information is transmitted by means of the SCI format 0-2-1 if the 2nd-stage SCI format is equal to ‘00’:
-	HARQ Process ID – 4[x] bits as defined in subclause x.x.x of [6, TS 38.214].
-	New data indicator – 1 bit as defined in subclause x.x.x of [6, TS 38.214].
-	Redundancy version – 2 bits as defined in subclause x.x.x of [6, TS 38.214].
-	Source ID – 8 bits as defined in subclause x.x.x of [6, TS 38.214].
-	Destination ID – 16 bits as defined in subclause x.x.x of [6, TS 38.214].
-	CSI request – 1 bit as defined in subclause x.x.x of [6, TS 38.214].
-     Presence of HARQ feedback – 1 bit
-     Reserved bits – 4 bits
The following information is transmitted by means of the SCI format 0-2-2 if the 2nd-stage SCI format is equal to ‘01’:
If the 2nd-stage SCI format field in the corresponding SCI format 0-1 indicates type 1 groupcast as defined in subclause x.x.x of [6, TS 38.214], the following fields are present:
-	HARQ Process ID – 4 bits as defined in subclause x.x.x of [6, TS 38.214].
-	New data indicator – 1 bit as defined in subclause x.x.x of [6, TS 38.214].
-	Redundancy version – 2 bits as defined in subclause x.x.x of [6, TS 38.214].
-	Source ID – 8 bits as defined in subclause x.x.x of [6, TS 38.214].
-	Destination ID – 16 bits as defined in subclause x.x.x of [6, TS 38.214].
-	Zone ID – [x] bits as defined in subclause x.x.x of [6, TS 38.214].
-	Communication range requirement – [4] bits as defined in subclause x.x.x of [6, TS 38.214]
-     Presence of HARQ feedback – 1 bit
-     Reserved bits – 4 bits
The following information is transmitted by means of the SCI format 0-2-3 if the 2nd-stage SCI format is equal to ‘10’:
-	Source ID – 8 bits as defined in subclause x.x.x of [6, TS 38.214].
-	Destination ID – 16 bits as defined in subclause x.x.x of [6, TS 38.214].
-     Reserved bits – 4 bits



2.6. Details of Extended CP
In the previous meeting, DMRS patterns were discussed based on the design of normal CP. It has been agreed that extended CP is supported for 60kHz. It has not yet agreed how many symbols in a slot can be supported for SL in the ECP case. One question is whether the minimum number of PSSCH would be less than the current definition which is 6 OFDM symbol including AGC settling time. In our opinion, at least 5 OFDM symbols could additional supported. Then, an additional DMRS pattern is needed to support the additional length of PSSCH. 
[bookmark: _Ref32313037]Proposal 13: 5 OFDM symbols are supported for PSSCH of extended CP.
[bookmark: _Ref32313041]Proposal 14: DMRS pattern of {1, 4} should be supported to 5 OFDM symbols.

The following TP for TS 38.211 [4] is proposed:
	TS 38.211 8.4.1.1.2
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]The position(s) of the DM-RS symbols is given by  according to Table 8.4.1.2.2-1 where  is the duration of the scheduled resources for transmission of PSSCH and the associated PSCCH, including the OFDM symbol duplicated as described in clauses 8.3.1.5 and 8.3.2.3.
Table 8.4.1.2.2-1: PSSCH DM-RS time-domain location.
	  in symbols
	DM-RS position 

	
	PSCCH duration 2 symbols
	PSCCH duration 3 symbols

	
	Number of PSSCH DM-RS
	Number of PSSCH DM-RS

	
	2
	3
	4
	2
	3
	4

	5
	1, 4
	
	
	1, 4
	
	

	6
	1, 5
	
	
	1, 5
	
	

	7
	1, 5
	
	
	1, 5
	
	

	8
	1, 5
	
	
	1, 5
	
	

	9
	3, 8
	1, 4, 7
	
	4, 8
	1, 4, 7
	

	10
	3, 8
	1, 4, 7
	
	4, 8
	1, 4, 7
	

	11
	3, 10
	1, 5, 9
	1, 4, 7, 10
	4, 10
	1, 5, 9
	1, 4, 7, 10

	12
	3, 10
	1, 5, 9
	1, 4, 7, 10
	4, 10
	1, 5, 9
	1, 4, 7, 10

	13
	3, 10
	1, 6, 11
	1, 4, 7, 10
	4, 10
	1, 6, 11
	1, 4, 7, 10





3. Conclusion
In this contribution, we have provided our considerations on the design of physical layer structure for NR sidelink. Some proposals are made as follows:
Proposal 1: The following factors should be considered in TBS calculation for PSSCH: 
· Available symbols for SL transmission per slot 
· PSFCH resource
· PSCCH resource 
· The AGC symbol and GP symbol 
· The overhead of CSI-RS and PTRS 
· The overhead of DMRS 
· The overhead of 2nd stage SCI
Proposal 2:  For TBS determination, if PSFCH is configured for the resource pool, the number of PSFCH symbols are counted as overhead for each PSSCH (re)-transmission.
Proposal 3: For TBS determination, the overhead of CSI-RS and/or PTRS is configured by a higher layer parameter.
Proposal 4: For TBS determination, the overhead of 2nd stage SCI is determined from the 1st stage SCI indication. And it should be the same for one TB between different (re-)transmissions.
Proposal 5: The resource pool ID could be used for the initialization of the scrambling sequence generator.
Proposal 6: The 16-bit LSB of the CRC of the 1st stage SCI can be used for the scrambling sequence initialization for 2nd stage SCI.
Proposal 7: The L1 destination ID is applied to the initialization of the scrambling sequence generator of PSSCH.
Proposal 8: Uu DMRS configuration type 1 with one symbol is reused for PSSCH frequency domain DMRS pattern.
Proposal 9: CDMed DMRS and FDMed DMRS can be supported in NR V2X. The indication of CDM or FDM can be indicated in the 1st stage SCI.
Proposal 10: DMRS pattern selection is based on the following parameters: 
· SCS 
· UE speed 
· Feedback information (i.e., recommended DMRS pattern from Rx UE)
Proposal 11: PSCCH DMRS OCC is selected from 3 candidate OCCs.
Proposal 12: The 1st stage SCI indicates the formats of the 2nd stage SCI base on Table 2.
Proposal 13: 5 OFDM symbols are supported for PSSCH of extended CP.
Proposal 14: DMRS pattern of {1, 4} should be supported to 5 OFDM symbols.
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[bookmark: _Ref521664105]Table 3 Link level evaluation assumption
	Assumption
	Value

	Carrier frequency
	5.9 GHz

	Waveform
	CP-OFDM, NCP

	Transmission layers for PSSCH
	1 layer

	Modulation order
	QPSK

	Channel estimation method
	MMSE, non-ideal

	Punctured symbol
	AGC, GP, DMRS

	Subcarrier spacing
	30KHz

	Channel coding
	LDPC

	Antenna configuration
	2Tx - 2Rx

	Relative velocity
	280km/h

	Delay spread
	100ns

	Chanel model
	CDL Highway LOS 

	DMRS pattern in the time domain (PSCCH duration 2 symbols)
	13 OS: <1,4,7,10>
10 OS (considering 3 OS for PSFCH): <1,4,7>

	PSCCH
	2 OS

	DMRS pattern in  the frequency domain
	DMRS type 1: <0 2 4 6 8 10>



In this simulation, the curve ‘w/o PSFCH, HARQ = 1’ is obtained assuming that 13 symbols and QPSK with code rate 0.5 are used to calculate the TBS (approximately equal to 150bytes), and one transmission is assumed for this TB. Similarly, the curve ‘w/o PSFCH, HARQ = 2’ is obtained assuming that 13 symbols and QPSK with code rate 0.5 are used to calculate the TBS and two transmissions are assumed for this TB.
The curve ‘w PSFCH, HARQ = 1’ is obtained assuming that 9 symbols and QPSK with code rate 0.66 are used to calculate the TBS (approximately equal to 150bytes), and one transmission is assumed for this TB. Similarly, the curve ‘w PSFCH, HARQ = 2’ is obtained assuming that 9 symbols and QPSK with code rate 0.66 are used to calculate the TBS and two transmissions are assumed for this TB.

[image: ]
Figure 1 SNR-BLER performance of PSSCH
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