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1. Introduction
In the previous meeting, there are some remaining issues related to SL physical layer structure design as follows. In this contribution, we will discuss these aspects.
· TB size determination
· The mapping rule for the 2nd SCI
· Sidelink resource pool configuration
· Scrambling sequence initialization 
· SCI formats
· Frequency domain OCC design for PSCCH DMRS
· PSSCH DMRS pattern selection
· Details of Extended CP
· SL DC location
2. Discussion
2.1 [bookmark: _Ref37334751][bookmark: _Ref37422349]TB size determination
In the previous meeting, the following agreements have been achieved:
	RAN1 #99
Agreements:
· For determination of the number of coded bits, the determination of coded modulation symbols of HARQ-ACK with UL-SCH in Rel-15 NR is a baseline.
· (Working assumption) The number of coded modulation symbols per layer for 2nd SCI is determined as follows. 
· 
·  is the number of the 2nd SCI bits 
·  is the number of CRC bits for 2nd SCI, LSCI2 value is FFS
·  is indicated by the corresponding 1st SCI. 
·  is (pre-)configured per resource pool. 
·  is the number of allocated symbols for the PSSCH except AGC symbol. 
·  is the number of REs that can be used for transmission of the 2nd SCI. 
·  is determined to ensure that there is no remaining RE in the RB having the last coded symbol of the SCI 2 after mapping the SCI2.
·  is the r-th code block size for SL-SCH of the PSSCH transmission.
·  is the number of code blocks for SL-SCH of the PSSCH transmission.
RAN1 #100e
Agreements:
For 2nd SCI overhead in the TBS determination, the actual number of REs occupied by the 2nd SCI is used.
Agreements:
· For PSFCH overhead in the TBS determination, use the number of PSFCH symbols indicated by SCI.  
· For PSSCH DMRS overhead in the TBS determination, the reference number of REs occupied by PSSCH DMRS is used, where the reference number of REs is the average number of DMRS REs among (pre-)configured patterns.
· For CSI-RS and PT-RS overheads in the TBS determination, a new higher layer parameter, e.g., sl-xOverhead, is introduced per resource pool.


It has been agreed that the actual number of REs of 2nd SCI is used as overhead for TBS determination. However, the details such as how to determine the actual REs are still FFS. Similarly, the details of how to calculate the overhead of PSFCH and DMRS remains open.
· The calculation of the number of 2nd SCI
The 2nd SCI RE is determined by the following formula:

In the formula,  is associated with the TB size of PSSCH. Besides, , i.e., the number of REs can be used for 2nd SCI mapping, is equal to the number of REs used for PSSCH. On the other hand, the TB size determination is based on the actual number of REs of 2nd SCI. This results in a chicken-egg issue. 
The formula should be modified to break the circular dependency. For the first part of this formula, the ratio of  can be approximately substituted by the reciprocal of code rate multiplied by modulation order (i.e.,  of the PSSCH. The value of  and  are derived from the MCS indicated in PSCCH. Besides, the modulation order of the 2nd SCI is fixed as QPSK, it should also be considered in the calculation. 
The second part of the formula (i.e., ), is again depending on the number of REs used for PSSCH. However, this parameter is affected by the overhead of DMRS REs. In order to simply the design, the overhead of DMRS for 2nd SCI RE determination can be the same as the that for TBS determination of PSSCH, i.e., the average number of DMRS REs. Besides, the available number of symbols for PSSCH is determined by the PSFCH symbol indication (discussed later). 


[bookmark: _Ref40205993]Proposal 1: The 2nd SCI RE is determined by , where  and  are derived from the MCS indicated in the associated PSCCH. 
[bookmark: _Ref40205999]Proposal 2: The overhead of DMRS for 2nd SCI RE determination is the average number of DMRS REs among the higher layer configured DMRS patterns of the resource pool, i.e., the same as that for TBS determination. 
· The indication of the overhead of PSFCH
It has agreed in the previous meeting that for TB size determination, the number of PSFCH symbols is indicated by SCI. It should further discuss whether the indication is in the 1st SCI or 2nd SCI. According to the above discussion, the calculation of the 2nd SCI has dependency with PSFCH. Therefore, the overhead of PSFCH should be indicated in the 1st SCI at least to obtain the number of REs for 2nd SCI. 
[bookmark: _Ref40206009]Proposal 3: For TBS determination, the overhead of PSFCH should be indicated in the 1st SCI. 
· The overhead of DMRS
It has been agreed to use the average number of DMRS REs to determine the TB size. However, the actual DMRS REs may vary in some case. For example, the first DMRS symbol may be present if more than one sub-channel is allocated, but absent if only one sub-channel is allocated due to the present of PSCCH. In order to avoid this problem, the reference overhead of DMRS REs can be the average number of DMRS REs per PRB among the higher layer configured DMRS patterns of the resource pool. 
[bookmark: _Ref40206012]Proposal 4: For TBS determination, the reference number of DMRS symbols can be the average number of DMRS REs per PRB among the higher layer configured DMRS patterns of the resource pool.
The following TP is proposed for TS 38.214 [5] 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 which is located at the end of the slot, and including the PSFCH symbols. The first symbol should be excluded as it is duplicated as defined in [TS 38.211].  represents the number of symbols according to the indication of PSCCH.  is set to 3 if PSCCH indicated it as ‘1’, otherwise set to 0.  represents the number of REs for the overhead of DM-RS per PRB in the scheduled duration according to higher layer parameters.  is equal to  where  represent the average number of symbols of DMRS patterns configured by higher layer parameter. is the overhead configured by higher layer parameters 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 The mapping rule for the 2nd SCI
It has agreed that the first symbol that can be used for 2nd SCI mapping is the first PSSCH DMRS symbol, one motivation is that 2nd SCI can obtain better demodulation performance. However, if the first DMRS is overlap with PSCCH in the time domain, and if the frequency resource for PSSCH is less than 20PRBs, the first DMRS symbol indicated by PSCCH is not mapped. In this case, the mapping rule for the 2nd SCI should be clarified. The following options can be taken into consideration:
· Option 1: The 2nd SCI is mapped from the first DMRS indicated by PSCCH, regardless of whether the DMRS RE is existed or not. 
· Option 2: The 2nd SCI is mapped from the first transmitted DMRS. An example was illustrated in Figure 1.
For option 1, the demodulation performance of the 2nd SCI may be degraded due to inaccurate channel estimation results, thus is not preferable. On the other hand, for option 2, when the calculated number of REs of 2nd SCI is larger than the number of remaining REs behind the actual transmitted 1st PSSCH DMRS, the remaining modulation symbols of 2nd SCI would have some trouble to map. A simple solution is to map these remaining REs of 2nd SCI from the starting symbol for PSSCH transmission as illustrated in Figure 2.
In Figure 1. The DMRS was indicated as <1, 4, 7, 10>, the first transmitted PSSCH DMRS symbol is #4 because the bandwidth of the PSSCH is less than 20PRBs. The 2nd SCI is mapped from symbol #4. 


[bookmark: _Ref40360459]Figure 1 An example of 2nd SCI mapping
In Figure 2, the available number of symbols for PSSCH was 6, and DMRS pattern was indicated as <1, 5>. Only one subchannel is allocated to PSSCH, and the subchannel size is less that 20PRBs. The 2nd SCI mapping from symbol #5 until the last available symbol (i.e., symbol #6). The remaining modulation symbols of 2nd SCI are mapped from the first available symbol (i.e., symbol #1).


[bookmark: _Ref40369942]Figure 2 An example of 2nd SCI mapping when the number of REs of 2nd SCI is large
[bookmark: _Ref40299133]Proposal 5: The 2nd SCI is mapped from the first transmitted PSSCH DMRS.
[bookmark: _Ref40299138]Proposal 6: During 2nd SCI RE mapping, if after the last PSSCH symbol there are still 2nd SCI REs left, these remaining REs are mapped from the starting symbol of PSSCH. 
2.3 Sidelink resource pool configuration
In the previous meeting, the following agreements and working assumptions were achieved with respect to the configuration of sidelink resource pool in time and frequency domains. 
	Agreements:
For derivation of the set of slots to be included in the resource pool, the baseline is the derivation with bitmap and periodicity based on Subclause 14.1.5 of TS36.213 with the following modifications.
· FFS: Periodicity and L_bitmap value
· The slot index is relative to slot#0 of the radio frame corresponding to SFN 0 of the serving cell if serving cell timing reference is in use, or DFN 0 otherwise
· The following procedure is used. 
· The set includes all the slots except the following slots:  
· Slots in which SLSS resource is configured, 
· (Working assumption) slots not having at least Y-th, (Y+1)-th, ....., (Y+X-1)-th symbols in a slot semi-statically for UL as indicated in TDD-UL-DL-ConfigCommon, where
· X is sl-LengthSymbols
· Y is sl-StartSymbol
· (Working assumption) reserved slots which are determined by the similar steps in Subclause 14.1.5 of TS36.213
Working assumption
· For the number of PRBs for resource pool, allow configuration of all  number of PRBs in a SL BWP. 
· FFS until RAN1#100bis-e whether/how to deal with remaining PRBs if the configured PRBs for resource pool is not a multiple of subchannel size.


2.3.1 Resource pool configuration in time domain
Regarding the slot allocation of a sidelink resource pool, several issues need to be solved:
· Issue#1: Resource pool bitmap
It has been agreed that the resource pool (pre-)configuration can be implemented by mapping a periodical bitmap to a set of resources. The set of unavailable slots such as S-SSB slots, DL slots, flexible slots or partial-UL slots without sufficient UL symbols should be excluded before bitmap mapping. In NR Uu, the configuration of TDD-UL-DL-ConfigCommon is quite flexible. At the same time, the number of S-SSB within a period of 160 ms ranges from 1 to 64. Thus an arbitrary number of remaining slots after the exclusion of the unavailable slots is possible. Consequently, it is necessary to reduce the bitmap size while maintaining the indication flexibility. This can be achieved by using a periodical bitmap with size = {64, 32 …}. The reason is as below:
As the periodicity of TDD pattern divides 20ms evenly, the number of DL slots and slots without sufficient UL symbols in each 20ms remains the same. Assuming that:
· Number of DL slot and slot without sufficient UL symbols in 20ms: M
· Number of S-SSB in sync resource1 in a S-SSB period: L1
· Number of S-SSB in sync resource2 in a S-SSB period: L2
· SCS: 15*2μ kHz
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Then, within a wrap-around period of 1024 frame:
· Number of DL slot in 20ms: M*(10240/20) = M*512
· Number of S-SSB in sync resource1: L1*(10240/160) = L1*64
· Number of S-SSB in sync resource2: L2*(10240/160) = L2*64
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Thus, the number of available slots for the sidelink resource pool within 1024 frames is 10240*2μ-(L1+L2)*64-M*512=64*(160*2μ-(L1+L2)-M*8). It is obvious that the number of available resources is always divisible by 64 and can be divided evenly by factor of 64, such as {32, 16, 8, 4, 2, 1}. In this case, a resource pool bitmap with size = {64, 32, 16, 8, 4, 2, 1} can be repeated several times with the same content within a wrap-around period of SFN or DFN. An example is shown in Figure 3.


[bookmark: _Ref36575067]Figure 3. Example of resource pool bitmap
[bookmark: _Ref37418234]Observation 1: The number of slots available for SL within 1024 frames is always an integer multiple of 64.
[bookmark: _Ref37418238]Observation 2: If the resource pool bitmap has 64 bits, the number of resources available for SL resource pool can be divided by the bitmap size without any remainder. Thus there is no need to define the reserved slot.

If the two sync resources contain the same number of S-SSB (i.e., L1=L2), the number of the available slots will be times of 128. Consequently, the maximum bitmap size can be doubled, facilitating higher flexibility in indication. If L1+L2=4 or 8, the maximum bitmap size can be further increased to 256.
Furthermore, as the number of resources can be divided by the bitmap size without any remainder, there is no need to define reserved slots as LTE.
Based on the above discussion, the following bitmap sizes are proposed: {16, 32, 64, 128, 256}.
[bookmark: _Ref37418278]Proposal 7: The size of the bitmap for resource pool configuration is {16, 32, 64, 128, 256}.
[bookmark: _Ref37418281]Proposal 8: After excluding the slots without sufficient UL symbols and SLSS slots, the resource pool bitmap is repeated and mapped to the remaining slots within every 1024 frames. 
[bookmark: _Ref37418284]Proposal 9: No need to define reserved slots for resource pool determination.
Proposal 10: The periodicity to apply resource pool bitmap is 10240 ms.

TP for option.1 is as follows:
	UE procedure for determining resource pool for sidelink transmission mode 1 and 2

The set of slots that may belong to a sidelink resource pool for sidelink transmission mode 1 or 2 is denoted by  where

-	
-	the slot index is relative to slot#0 of the radio frame corresponding to SFN 0 or DFN 0
-	the set includes all the slots except the following slots, 
-	 slots in which SLSS is configured
-	 slots not having at least Y-th, (Y+1)-th, ....., (Y+X-1)-th symbols semi-statically for UL, where
-	X is provided by high layer parameter sl-LengthSymbols
-	Y is provided by high layer parameter sl-StartSymbol
-	the slots are arranged in increasing order of slot index.
The UE determines the set of slots assigned to a sidelink resource pool as follows:


-	A bitmap  associated with the resource pool is used where  the length of the bitmap is configured by higher layers.


-	A slot  belongs to the resource pool if  where .


[bookmark: _Toc24792][bookmark: _Toc6764][bookmark: _Toc939]
· Issue#2: LTE SLSS slot exclusion from NR resource pool
In the LTE-NR SL coexistence case, UE can be employed with both LTE SL and NR SL modules. Long-term TDM based solution is agreed for coexistence if UE does not support short-term TDM between LTE and NR. Then, in the case, the resource pool configured for NR should exclude not only the NR SLSS but also the LTE SLSS to avoid collision between NR transmission and LTE SLSS. 
[bookmark: _Ref37418286]Proposal 11: If time domain resources for LTE SLSS is provided, they should be excluded when deriving the NR SL resource pool.

· Issue#3: Derivation of available SL resources for resource pool determination
In the last meeting, a working assumption was made that the bitmap is applied to the resources provided by TDD-UL-DL-ConfigCommon. However, when UE moves out of the NR coverage, it releases the TDD-UL-DL-ConfigCommon obtained in SIB1 and uses the received SL-TDD-Config to derive the resource pool. However, as analyzed in our companion contribution [6], the information in SL-TDD-Config will be compressed in some conditions, it may offer a different interpretation of available slots from TDD-UL-DL-ConfigCommon. Consequently, the resource pools derived by in-coverage UE and out-of-coverage UE are unlikely appropriately aligned.
[bookmark: _Ref37418245]Observation 3: In-coverage and partial-coverage UE are not able to communicate if the in-coverage UE applies resource pool bitmap to TDD-UL-DL-ConfigCommon when determining the resource pool.
[bookmark: _Ref37418289]Proposal 12: Revert the working assumption on applying resource pool bitmap on semi-static resources provided by TDD-UL-DL-ConfigCommon.
[bookmark: _Ref37418294]Proposal 13: For in-coverage UE, it derives the resource pool based on its SL-TDD-Config in PSBCH, while for partial-coverage UE, it uses the received SL-TDD-Config from the in-coverage UE for resource pool determination.

2.3.2 Resource pool configuration in frequency domain
The spectrum efficiency is an essential aspect for V2X. Currently, only very limited spectrum is assigned for ITS operation according to the LS from 5GAA [1]. Thus, it is desirable to exploit every RB of the available bandwidth. 5GAA clearly requires in the LS that “Cellular V2X should support communication on all available radio resources up to the maximum system bandwidth to efficiently utilize the radio resources for all system configurations”. This is the fundamental principle behind the working assumption to allow configuration of all number of PRBs in a SL BWP for a resource pool. Otherwise, it may lead to wasting a large portion of PRBs in many cases. 
The remaining issue is how to deal with remaining PRBs in case of the configured PRBs for resource pool is not integer multiple of subchannel size. In our view, the straightforward solution is to define a last subchannel having all the remaining PRBs; however, how to deal with the last subchannel can be handled in the future release. In Rel-16, a UE is not expected to transmit on the last subchannel.
[bookmark: _Ref37418297]Proposal 14: Confirm the working assumption that allowing configuration of all number of PRBs in a SL BWP for a resource pool. 
[bookmark: _Ref37424938]Proposal 15: In Rel-16, a last subchannel containing all the remaining PRBs is defined if the configured PRBs for resource pool is not integer multiple of subchannel size
· Rel-16 UE is not expected to be scheduled to transmit on the remaining PRBs (i.e. the last subchannel). 

2.4 [bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK9]Scrambling sequence initialization
· Initialization of the scrambling sequence generator of PSCCH
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, it could be used for the 1st stage SCI to reduce potential interference. 
[bookmark: _Ref32312984]Proposal 16: The resource pool ID could be used for the initialization of the scrambling sequence generator.

The following TP for TS 38.211 [3] 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:

Where  is the decimal representation of the 16-bit LSB of CRC on the PSCCH associated with the PSSCH, and  is the resource pool ID which could be used for the 1st stage SCI to reduce potential interference. 
[bookmark: _Ref32312996]Proposal 17: The 16-bit LSB of the CRC of the 1st stage SCI is 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:

Where  is the L1 destination ID of the transmission, and  is the resource pool ID which could be used for the 1st stage SCI to reduce potential interference. 
[bookmark: _Ref32313000]Proposal 18: The L1 destination ID is applied to the initialization of the scrambling sequence generator of PSSCH.

The following TP for TS 38.211 [3] 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.



2.5 [bookmark: _Ref37417363]SCI formats
As discussed in our companion contribution [8], each cast type should have dedicated 2nd SCI format. The detailed information for 2nd stage SCI formats can be found in the following table:
[bookmark: _Ref37193813]Table 1 Fields and sizes of the 2nd stage SCI
	Bit-field
	The 2nd stage SCI formats

	
	unicast
	groupcast
	broadcast

	Source ID
	8bits
	8bits
	8bits

	Destination ID
	16bits
	16bits
	16bits

	HARQ process ID
	4bits
	4bits
	4bits

	New data indicator
	1bit
	1bit
	1bit

	Redundancy version
	2bits
	2bits
	2bits

	CSI request
	1bit
	N/A
	N/A

	Presence of HARQ feedback
	1bit
	1bit
	N/A

	Zone ID
	N/A
	12bits
	N/A

	Communication range
	N/A
	4bits
	N/A

	CRC attachment
	24bits
	24bits
	24bits

	Reserved bits
	4bits
	4bits
	4bits

	Total payloads
	61bits
	76bits
	59bits


[bookmark: _Ref37418307]Proposal 19: The 1st stage SCI indicates the formats of the 2nd stage SCI base on Table 1.

The following TP for TS 38.212 [4] is proposed:
	TS 38.212
8.3.1.1	SCI format 1-A
<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 2-A
SCI format 2-A is used for the decoding of PSSCH. with HARQ operation when HARQ-ACK information includes ACK or NACK, or when there is no feedback of HARQ-ACK information. And it is used for groupcast transmission scheduling.
The following information is transmitted by means of the SCI format 2-A:
-	HARQ Process ID – [x] bits as defined in clause 16.4 of [5, TS 38.213].
-	New data indicator – 1 bit as defined in clause 16.4 of [5, TS 38.213].
-	Redundancy version – 2 bits as defined in clause x.x.x of [6, TS 38.214].
-	Source ID – 8 bits as defined in clause x.x.x of [6, TS 38.214].
-	Destination ID – 16 bits as defined in clause x.x.x of [6, TS 38.214].
-	CSI request – 1 bit as defined in clause 8.2.1 of [6, TS 38.214].
-	Zone ID – 12 bits as defined in clause x.x.x of [9, TS 38.331].
-	Communication range requirement – 4 bits as defined in clause x.x.x of [9, TS 38.331]
-	No HARQ feedback – 1 bit as defined in caluse of [5, TS 38.213].

8.4.1.2	SCI format 2-B
SCI format 2-B is used for the decoding of PSSCH, with HARQ operation when HARQ-ACK information includes only NACK. And it is used for unicast transmission scheduling.
The following information is transmitted by means of the SCI format 2-B:
-	HARQ Process ID – [x] bits as defined in clause 16.4 of [5, TS 38.213].
-	New data indicator – 1 bit as defined in clause 16.4 of [5, TS 38.213].
-	Redundancy version – 2 bits as defined in clause x.x.x of [6, TS 38.214].
-	Source ID – 8 bits as defined in clause x.x.x of [6, TS 38.214].
-	Destination ID – 16 bits as defined in clause x.x.x of [6, TS 38.214].
-	Zone ID – 12 bits as defined in clause x.x.x of [9, TS 38.331].
-	Communication range requirement – 4 bits as defined in clause x.x.x of [9, TS 38.331]
-	 CSI request – 1 bit as defined in subclause 8.2.1 of [6, TS 38.214].
-  Reserved bits – 4 bits

8.4.1.3	SCI format 2-C
SCI format 2-C is used for the decoding of PSSCH. And it is used for broadcast transmission scheduling.
The following information is transmitted by means of the SCI format 2-C:
-	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 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 20: PSCCH DMRS OCC is selected from 3 candidate OCCs.

The following TP for TS 38.211 [3] 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]






2.7 [bookmark: _Ref37417288]PSSCH DMRS pattern selection
During the email discussion after RAN1#99 meeting, there was a 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 in determining 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: _Ref37418536][bookmark: _Ref37418255]Proposal 21: DMRS pattern selection is based on the following parameters: 
· SCS 
· UE speed 
· Feedback information (i.e., recommended DMRS pattern from Rx UE)
2.8 Details of Extended CP
In the previous meeting, DMRS patterns were discussed based on the design of normal CP. Although 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 22: 5 OFDM symbols are supported for PSSCH of extended CP.
[bookmark: _Ref32313041]Proposal 23: DMRS pattern of {1, 4} should be supported to 5 OFDM symbols.

The following TP for TS 38.211 [3] 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





2.9 SL DC location
Unlike LTE where the DC is fixed in the center of the carrier, the DC location in NR Uu can be quite flexible. Each NR UE may have its own DC located at different locations which may not coincide with the frequency center. Exploiting the DC subcarrier for data transmission may suffer quality degradation in some conditions. Thus gNB and UE should inform each other of the DL/UL TX DC location through a dedicated IE txDirectCurrentLocation. Specifically, for DL TX DC indication, when txDirectCurrentLocation is 0-3299, it indicates a reference subcarrier index of the DC location; when it is 3300, it means Tx DC location is out of the carrier. If a UE is scheduled for PDSCH reception on a resource that includes the DL DC subcarrier, the UE can assume that the PDSCH is rate matched on this subcarrier.
Similarly, SL DC location for a carrier should be known by the TX and RX UEs. The most simple solution is to (pre-)configure the SL DC location with a subcarrier index for reference. With this prior knowledge of SL DC position, the UE can handle the SL DC subcarrier properly and avoid performance degradation. Moreover, RAN4 agreed that SL channel raster may be shifted by 7.5kHz and/or ±5kHz relative to a LTE raster on the reframed ITS band to coexist with LTE V2X. Once the offset is enabled, the SL DC location should also be shifted to keep alignment.
SL-FreqConfig information element
-- ASN1START
-- TAG-SL-FREQCONFIG-START
SL-FreqConfig-r16 ::=                          SEQUENCE {
    sl-SCS-SpecificCarrierList-r16                   SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier,
    sl-AbsoluteFrequencyPointA-r16                 ARFCN-ValueNR,                                        
    sl-AbsoluteFrequencySSB-r16                    ARFCN-ValueNR                                                           OPTIONAL,    -- Need R
    frequencyShift7p5khzSL-r16                     ENUMERATED {true}                                           OPTIONAL,   -- Cond V2X-SL-Shared
    valueN-r16                                     INTEGER (-1..1), 
    sl-BWP-ToReleaseList-r16                       SEQUENCE (SIZE (1..maxNrofSL-BWPs-r16)) OF BWP-Id                       OPTIONAL,    -- Need N
...Omitted...
}

	SL-FreqConfig field descriptions

	frequencyShift7p5khzSL
Enable the NR SL transmission with a 7.5 kHz shift to the LTE raster. If the field is absent, the frequency shift is disabled.

	valueN
Indicate the NR SL transmission with a valueN *5kHz shift to the LTE raster. (see [TS 38.101-1 [15]], clause X.X.X).


[bookmark: _Ref32511476]
	R4-2002793
The NR-ARFCN and channel raster defined in subclause 5.4.2.1 are applied for NR V2X.
For NR V2X UE at n47, the reference frequency can be shifted by configuration.
FREF_V2X = FREF + Δshift + N * 5 kHz
Where
Δshift = 0 kHz or 7.5 kHz indicated in IE (frequencyShift7p5khz), and N can be set as one of following values {-1, 0, 1}, are signalled by the network in higher layer parameters or configured by pre-configuration parameters.



[bookmark: _Ref37418325]Proposal 24: SL DC location for a SL carrier is (pre-)configured with a reference subcarrier index, if the SL DC location is not (pre-)configured, UE assumes that the SL DC location is outside the carrier.
[bookmark: _Ref37418328]Proposal 25: DC subcarrier location is offset by valueN *5kHz relative to the center of the indicated subcarrier. If frequencyShift7p5khzSL is enabled, it will be further offset by 7.5kHz.

The TP for 38.211 is as below
	[bookmark: _Toc19796383][bookmark: _Toc26459609][bookmark: _Toc29230253]4.4.2	Resource grid
For the downlink, the higher-layer parameter txDirectCurrentLocation in the SCS-SpecificCarrier IE indicates the location of the transmitter DC subcarrier in the downlink for each of the numerologies configured in the downlink. Values in the range 0 – 3299 represent the number of the DC subcarrier and the value 3300 indicates that the DC subcarrier is located outside the resource grid.
For the uplink, the higher-layer parameter txDirectCurrentLocation in the UplinkTxDirectCurrentBWP IE indicates the location of the transmitter DC subcarrier in the uplink for each of the configured bandwidth parts, including whether the DC subcarrier location is offset by 7.5 kHz relative to the center of the indicated subcarrier or not. Values in the range 0 – 3299 represent the number of the DC subcarrier, the value 3300 indicates that the DC subcarrier is located outside the resource grid, and the value 3301 indicates that the position of the DC subcarrier in the uplink is undetermined.
For the sidelink, the higher-layer parameter txDirectCurrentLocation-SL indicates the location of the transmitter DC subcarrier in the sidelink. Values in the range 0 – 3299 represent the number of the SL DC subcarrier, the value 3300 indicates that the DC subcarrier is located outside the resource grid, and the value 3301 indicates that the position of the DC subcarrier in the sidelink is undetermined. Sidelink DC subcarrier location is offset by 7.5 kHz+N∙5kHz relative to the center of the indicated subcarrier if frequencyShift7p5khzSL is provided. If not, sidelink DC subcarrier location is offset by N∙5kHz relative to the center of the indicated subcarrier, where the N is provided by higher layer parameter valueN. 


3. Conclusion
In this contribution, we have provided our considerations on the design of physical layer structure for NR sidelink. Some observations are as following:
Observation 1: The number of slots available for SL within 1024 frames is always an integer multiple of 64.
Observation 2: If the resource pool bitmap has 64 bits, the number of resources available for SL resource pool can be divided by the bitmap size without any remainder. Thus there is no need to define the reserved slot.
Observation 3: In-coverage and partial-coverage UE are not able to communicate if the in-coverage UE applies resource pool bitmap to TDD-UL-DL-ConfigCommon when determining the resource pool.

Based on the discussion, we have the following proposals:
Proposal 1: The 2nd SCI RE is determined by , where  and  are derived from the MCS indicated in the associated PSCCH. 
Proposal 2: The overhead of DMRS for 2nd SCI RE determination is the average number of DMRS REs among the higher layer configured DMRS patterns of the resource pool, i.e., the same as that for TBS determination.Proposal 3: For TBS determination, the overhead of PSFCH should be indicated in the 1st SCI.
Proposal 3: For TBS determination, the overhead of PSFCH should be indicated in the 1st SCI.
Proposal 4: For TBS determination, the reference number of DMRS symbols can be the average number of DMRS REs per PRB among the higher layer configured DMRS patterns of the resource pool.
Proposal 5: The 2nd SCI is mapped from the first transmitted PSSCH DMRS.
Proposal 6: During 2nd SCI RE mapping, if after the last PSSCH symbol there are still 2nd SCI REs left, these remaining REs are mapped from the starting symbol of PSSCH.
Proposal 7: The size of the bitmap for resource pool configuration is {16, 32, 64, 128, 256}.
Proposal 8: After excluding the slots without sufficient UL symbols and SLSS slots, the resource pool bitmap is repeated and mapped to the remaining slots within every 1024 frames.
Proposal 9: No need to define reserved slots for resource pool determination.
Proposal 11: If time domain resources for LTE SLSS is provided, they should be excluded when deriving the NR SL resource pool.
Proposal 12: Revert the working assumption on applying resource pool bitmap on semi-static resources provided by TDD-UL-DL-ConfigCommon.
Proposal 13: For in-coverage UE, it derives the resource pool based on its SL-TDD-Config in PSBCH, while for partial-coverage UE, it uses the received SL-TDD-Config from the in-coverage UE for resource pool determination.
Proposal 14: Confirm the working assumption that allowing configuration of all number of PRBs in a SL BWP for a resource pool.
Proposal 15: In Rel-16, a last subchannel containing all the remaining PRBs is defined if the configured PRBs for resource pool is not integer multiple of subchannel size
· Rel-16 UE is not expected to be scheduled to transmit on the remaining PRBs (i.e. the last subchannel).
Proposal 16: The resource pool ID could be used for the initialization of the scrambling sequence generator.
Proposal 17: The 16-bit LSB of the CRC of the 1st stage SCI is used for the scrambling sequence initialization for 2nd stage SCI.
Proposal 18: The L1 destination ID is applied to the initialization of the scrambling sequence generator of PSSCH.
Proposal 19: The 1st stage SCI indicates the formats of the 2nd stage SCI base on Table 1.
Proposal 20: PSCCH DMRS OCC is selected from 3 candidate OCCs.
Proposal 21: DMRS pattern selection is based on the following parameters: 
· SCS 
· UE speed 
· Feedback information (i.e., recommended DMRS pattern from Rx UE)
Proposal 22: 5 OFDM symbols are supported for PSSCH of extended CP.
Proposal 23: DMRS pattern of {1, 4} should be supported to 5 OFDM symbols.
Proposal 24: SL DC location for a SL carrier is (pre-)configured with a reference subcarrier index, if the SL DC location is not (pre-)configured, UE assumes that the SL DC location is outside the carrier.
Proposal 25: DC subcarrier location is offset by valueN *5kHz relative to the center of the indicated subcarrier. If frequencyShift7p5khzSL is enabled, it will be further offset by 7.5kHz.

Reference
[1] [bookmark: _Ref37426529][bookmark: _Ref1057001][bookmark: _Ref32610531][bookmark: _Ref37193713][bookmark: _GoBack]RP-191631, “LS on NR V2X spectrum allocation”, 5GAA.
[2] R1-2003253, “LS on the 3GPP work on the NR sidelink”, 5GAA.
[3] [bookmark: _Ref37426544]3GPP TS 38.211, “NR; Physical channels and modulation”, v16.1.0 (2020-03)
[4] [bookmark: _Ref32610632][bookmark: _Ref534965201][bookmark: _Ref525923142][bookmark: _Ref37193839]3GPP TS 38.212, “NR; Multiplexing and channel coding”, v16.1.0 (2020-03)
[5] [bookmark: _Ref32308097][bookmark: _Ref521360901][bookmark: _Ref492760604][bookmark: _Ref4658725]3GPP TS 38.214, “NR; Physical layer procedures for data”, v16.1.0 (2020-03).
[6] [bookmark: _Ref37328856]R1-2003381, Remaining issues on sidelink synchronization mechanism, vivo
[7] [bookmark: _Ref37232403]R4-2002793, CR on UE system parameters for NR V2X UE for TS 38.101-1, vivo
[8] [bookmark: _Ref40363041]R1-2003383, Remaining issues on physical layer procedure for NR sidelink, vivo.


6

Microsoft_Visio___1.vsdx
AGC












GP
PSCCH
One subchahnel,
Subchannel size = 15PRBs








































































0
1
2
3
5
6
8
9
11
12
13
4
7
10
DMRS
2nd SCI



image2.emf
AG

C

GP

PSCCH

One subchahnel

,

Subchannel size 

= 

15

PRBs

0 1 2 3 5 6 8 9 11 12 13 4 7 10

DMRS 2

nd

 SCI


Microsoft_Visio___2.vsdx
AGC






GP






PSCCH
One subchahnel,
Subchannel size = 15PRBs
























0
1
2
3
5
6
8
9
11
12
13
4
7
10
DMRS
2nd SCI



image3.emf
ĂĂ

Bitmap size=64

DL or flexible 

UL S-SSB

0 1 0 1 1 1 0 ĂĂ

SL pool

Resource pool bitmap

1 1 1


Microsoft_Visio___3.vsdx
……
Bitmap size=64
DL or flexible
UL
S-SSB
0
1
0
1
1
1
0
……
SL pool
Resource pool bitmap
1
1
1



image4.wmf
(

)

max

01

,,...,

SLSLSL

T

ttt


oleObject1.bin

image5.wmf
,

01024

SLframe

islot

tN

m

£<×


oleObject2.bin

image6.wmf
(

)

011

,,...,

bitmap

L

bbb

-


oleObject3.bin

image7.wmf
bitmap

L


oleObject4.bin

image8.wmf
1

'

=

k

b


oleObject5.bin

image9.wmf
bitmap

L

k

k

mod

'

=


oleObject6.bin

image1.emf
AG

C

GP

PSCCH

One subchahnel

,

Subchannel size 

= 

15

PRBs

0 1 2 3 5 6 8 9 11 12 13 4 7 10

DMRS 2

nd

 SCI


