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1. Introduction
[bookmark: _GoBack]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.
· The mapping rule for the 2nd SCI
· Rate matching of the 2nd SCI
· TBS determination 
· Maximum data rate
· Resource pool configuration in the time domain
· Correction on Y in 214
· SL DC location
2. Discussion
2.1 The mapping rule for the 2nd SCI
It has agreed that, the first symbol that can be used for the 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. An example is shown 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. 
In this case, the mapping rule for the 2nd SCI should be clarified, especially the first symbol for 2nd SCI mapping. 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 trouble to map. A simple solution is to wraparound the remaining REs, i.e., mapping these remaining REs of 2nd SCI from the starting symbol for PSSCH transmission (excluding the AGC symbol), as illustrated in Figure 2.



[bookmark: _Ref40360459]Figure 1 An example of 2nd SCI mapping in case subchannel size is smaller than 20PRBs
As illustrated in Figure 2, the available number of symbols for PSSCH is 6, and DMRS pattern is 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 wraparound from the first available symbol, i.e., mapped from the first available symbol (i.e., symbol #1).


[bookmark: _Ref40369942]Figure 2 An example of 2nd SCI mapping for remaining REs
[bookmark: _Ref40299133]Proposal 1: The 2nd SCI is mapped from the first transmitted PSSCH DMRS.
[bookmark: _Ref40299138]Proposal 2: 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 (excluding the AGC symbol). 
2.2 Rate matching for the 2nd SCI
In the previous meeting, the following agreements were achieved: 
	Agreements:
In Rel-16, a UE is not expected to have the number of bits after rate matching for 2nd SCI more than K = [2048 or 4096]
· To down-select one of the above two values in the next meeting


For DCI, the maximum mother code bits is 512. The maximum aggregation level is 16, and the overhead of the DMRS is 1/4. Therefore, the maximum number of bits after rate matching of DCI can be calculated as follows:

For UCI, the maximum mother code bits is 1024, and the minimum code rate is defined as 1/8 for polar coding. Accordingly, the maximum number of bits after rate matching for UCI is 1024/ (1/8) = 8192bits.
In our opinion, the complexity of the polar coding depends on the mother code bits. Therefore, applying the coded bits limit of DCI, i.e., 512 bits, seems acceptable from processing complexity perspective. According to the minimum code rate defined in polar coding as 1/8, the number of rate matching can be 512/ (1/8) = 4096bits.
[bookmark: _Ref47531087]Proposal 3: The maximum number of bits after rate matching for the 2nd SCI is 4096.
2.3 TBS determination
In the previous meeting, the following conclusion have been made:
	RAN1 #101e
Conclusion:
RAN1 down-selects one of the following options in RAN1#102.
· Option 1
· Gamma of 2nd SCI mapping for TBS determination is based on "really" 2nd SCI RE usage.
· The number of overlapped PT-RS and DMRS with 2nd SCI are taken into account for the gamma determination, although non-overlapped PT-RS and DMRS with 2nd SCI are not taken into account.
· Option 2
· Gamma of 2nd SCI mapping for TBS determination is assumed to be zero.
· The number of overlapped/non-overlapped PT-RS with 2nd SCI are not taken into account for the gamma determination for TBS purpose.
· The number of overlapped/non-overlapped DMRS with 2nd SCI are not taken into account for the gamma determination for TBS purpose.


The key issue here is how to ensure the same understanding on the TBS between initial transmission and retransmission, when the Gamma values of 2nd SCI mapping are different. Both options can work with different Cons and Pros. 
Option 1 can work at least in some cases thanks to the TBS quantization introduced in Rel-15, which more or less addressing a similar issue. However, it cannot solve this issue in all the cases. The TX UE should try to avoid any potential misunderstanding on the TBS, by adjusting the Beta offset, DMRS pattern, or even 1st SCI content (such as TRA or FRA). 
On the other hand, option 2 makes the TX UE implementation easier, without the burden to ensure same TBS after quantization for retransmission(s). We slightly prefer option 2 as it seems to be simpler. 
[bookmark: _Ref47531091]Proposal 4: Option 2 is used for TBS determination, i.e., gamma of 2nd SCI is assumed to be zero.  
2.4 Maximum data rate
RAN2 requests RAN1 to discuss the maximum data rate for sidelink according to the LS in [1]. 
The maximum data rate defined for Uu (as follow) can be largely reused for sidelink, with sidelink specific parameters, such as the maximum number of supported layers, modulation order, aggregated carriers, etc. However, there are some remaining details to be discussed.
	For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.


wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,
	[image: ] is the maximum number of supported layers given by higher layer parameter maxNumberMIMO-LayersPDSCH for downlink and maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink.

	 is the maximum supported modulation order given by higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL for uplink.

	is the scaling factor given by higher layer parameter scalingFactor and can take the values 1, 0.8, 0.75, and 0.4.

	 is the numerology (as defined in TS 38.211 [6])



[bookmark: OLE_LINK8]	 is the average OFDM symbol duration in a subframe for numerology , i.e. . Note that normal cyclic prefix is assumed.




	 is the maximum RB allocation in bandwidth  with numerology , as defined in 5.3 TS 38.101-1 [2] and 5.3 TS 38.101-2 [3], where  is the UE supported maximum bandwidth in the given band or band combination.

	is the overhead and takes the following values
0.14, for frequency range FR1 for DL
0.18, for frequency range FR2 for DL
0.08, for frequency range FR1 for UL
0.10, for frequency range FR2 for UL


[bookmark: _Ref32606510]Proposal 5: The maximum data rate defined for Uu can be largely reused for sidelink with sidelink specific parameters.

Firstly, the scaling factor for sidelink should be discussed. The scaling factor in Uu is defined in order to enable UE to support higher modulation order without increasing the maximum data rate. For example, a UE supporting 256QAM is only able to reach 64QAM peak data rate for a particular number of MIMO layers and carriers. Considering that the main target of Rel-16 V2X is to support VUE, defining multiple scaling factors seems not necessary.
[bookmark: _Ref40199031]Proposal 6: The scaling factor is defined as 1 for deriving sidelink maximum data rate.

Secondly, the overhead for sidelink should be defined. In order to obtain the peak sidelink data rate for a UE, the following aspects should be considered for FR1:
	Sidelink overhead per slot for FR1

	PSCCH
	2 symbol PSCCH with a sub-channel size of 10 PRB is assumed.

	2nd stage SCI
	SCI format 2-A with coding rate similar to 1st SCI is assumed.

	PSFCH
	Slot without PSFCH is assumed.

	AGC and GP symbols
	Two symbols per slot

	DMRS
	Two-port DMRS is assumed.

	CSI-RS
	Two-port CSI-RS is assumed.

	S-SSB
	One S-SSB (one whole slot) per 160ms is assumed.


Based on these assumptions, the overhead is around 0.23 for sidelink in FR1. For FR2, the overhead is increased to around 0.28 due to the presence of PT-RS and denser S-SSB, but it highly depends on the configurations. 
[bookmark: _Ref40199039]Proposal 7: The overhead is defined as 0.23 and 0.28 in FR1 and FR2 for deriving sidelink maximum data rate.

2.5 Resource pool configuration in the time domain
In the previous meeting, the following agreements and working assumptions were achieved concerning the configuration of the sidelink resource pool in time domain. 
	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.


[bookmark: _Toc24792][bookmark: _Toc6764][bookmark: _Toc939]Regarding the slot allocation of a sidelink resource pool, several issues need to be solved:
· Derivation of available SL resources for resource pool determination
According to the agreement, the bitmap of resource pool configuration is applied to the resources provided by a TDD-UL-DL-ConfigCommon. In this case, to provide a unified SL resource set for in-coverage, partial-coverage and even out-of-coverage, the TDD-UL-DL-ConfigCommon obtained in NR SIB1 and in pre-configuration must be fully aligned and can never be changed by gNB. This means that gNB cannot adjust its UL-DL allocation according to varying traffic, which is a significant constraint on Uu transmission.
Besides, there is another alignment issue in the inter-RAT case as analyzed in our companion contribution [2]. It is noted that some LTE configurations having DLs at the end of a TDD periodicity are not compatible with pre-configured NR TDD configuration. In these deployments, even if the resource pool bitmaps obtained from the LTE eNB and the bitmaps of pre-configuration are identical, the actual resource pools they derived are still not aligned, thus resulting in conflict or even depriving them of communicating with each other. 


Figure 3 LTE TDD Config #6 with end-loaded DL subframe
[bookmark: _Ref47531073]Observation 1: In-coverage and partial-coverage UE are not able to communicate if the UE applies resource pool bitmap to pre-configured TDD-UL-DL-ConfigCommon when determining the resource pool in inter-RAT and intra-RAT case.
[bookmark: _Ref37418245]This issue can be resolved if the resource pool bitmap is derived from the SL TDD pattern indicated by an acquired PSBCH. More specifically, there are at least the following benefits:
1. gNB can still modify its UL-DL resource ratios, as long as the modified UL ratios still comply with the corresponding uplink resources of the SL-TDD-Config in PSBCH.
2. The resource pool derived by in-coverage and partial-coverage UE is identical so that they can communicate with each other.
Therefore, we propose that:
[bookmark: _Ref37418294]Proposal 8: For in-coverage UE, it derives the resource pool based on its SL-TDD-Config derived from TDD-UL-DL-ConfigCommon in SIB1 while for partial-coverage UE, it uses the SL-TDD-Config received from the in-coverage UE for resource pool determination.

2.6 Correction on symbol index Y in resource pool determination
In TS 38.214, it is stated that a slot with Y-th, (Y+1)-th, …, (Y+X-1)-th OFDM symbols that are not semi-statically configured as UL cannot be used for SL, where Y and X are set by the higher layer parameters sl-StartSymbol and sl-LengthSymbols, respectively.
	TS 38.214 [5]
 slots in each of which at least one of Y-th, (Y+1)-th, …, (Y+X-1)-th OFDM symbols are not semi-statically configured as UL as per the higher layer parameter TDD-UL-DL-ConfigCommon, where Y and X are set by the higher layer parameters sl-StartSymbol and sl-LengthSymbols, respectively.


However, according to the TS 38.331[4], sl-StartSymbol is defined as the index of the OFDM symbol in a slot, i.e., it can be set to 0. Unfortunately, it is not aligned with the description of Y in TS s38.214.
SL-BWP-Generic-r16 ::=                   SEQUENCE {
    sl-BWP-r16                               BWP                                                                OPTIONAL,    -- Need M
    sl-LengthSymbols-r16                     ENUMERATED {sym7, sym8, sym9, sym10, sym11, sym12, sym13, sym14}   OPTIONAL,    -- Need M
    sl-StartSymbol-r16                       ENUMERATED {sym0, sym1, sym2, sym3, sym4, sym5, sym6, sym7}        OPTIONAL,    -- Need M
    sl-PSBCH-Config-r16                      SetupRelease {SL-PSBCH-Config-r16}                                 OPTIONAL,    -- Need M
    sl-TxDirectCurrentLocation-r16           INTEGER (0..3301)                                                  OPTIONAL,    -- Need M
    ...
}
	sl-StartSymbol
This field indicates the starting symbol used for sidelink in a slot without SL-SSB. A single value can be (pre)configured per sidelink bandwidth part.


Based on the above discussion, symbols used for SL in a slot should be the (Y+1)-th, (Y+2)-th,…, (Y+X)-th OFDM symbol of the slot, thereby the following TP for 38.214 is proposed.
	[bookmark: _Toc29673233][bookmark: _Toc29673374][bookmark: _Toc29674367][bookmark: _Toc36645597][bookmark: _Toc45810646]8	Physical sidelink shared channel related procedures
-	 slots in which S-SS/PSBCH block (S-SSB) is configured,
-	 slots in each of which at least one of Y-th, (Y+1)-th, (Y+2)-th,…, (Y+X-1)-th OFDM symbols are not semi-statically configured as UL as per the higher layer parameter TDD-UL-DL-ConfigCommon, where Y and X are set by the higher layer parameters sl-StartSymbol and sl-LengthSymbols, respectively.


[bookmark: _Ref47531697]Proposal 9: Agree the TP to clarify that Y is the starting symbol index of SL in a slot.

2.7 SL DC location
According to the agreement made in the last meeting, SL DC location for a carrier is known by the TX and RX UEs by an indication of reference subcarrier index. 
However, the current spec for SL DC location is correct only if no shifting is applied. RAN4 agreed that NR SL channel raster may be shifted by ±5kHz or 7.5kHz ±5kHz relative to an LTE raster on the reframed ITS band to coexist with LTE V2X. If the channel raster of an SL carrier enables the offset (±5kHz or 7.5kHz ±5kHz), so should the corresponding SL DC location because the center of the reference subcarrier for SL DC is defined as a frequency location which is an integer number of subcarriers away from the channel raster.
	TS 38.101-1 [3]
5.4E.2.1	NR-ARFCN and channel raster
For NR V2X, the NR-ARFCN and channel raster requirements in clause 5.4.2.1 apply for each operationg band.
For NR V2X UE, 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}, which are signalled by the network in higher layer parameters or configured by pre-configuration parameters.


SL-FreqConfigCommon-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), 
	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).


It is noted that the valueN is a mandatory field while frequencyShift7p5khzSL is optional, which means the SL DCI location is shifted by either N * 5 kHz or 7.5 +N * 5 kHz. Moreover, the parameter name is changed to sl-TxDirectCurrentLocation by RAN2.
SL-BWP-Generic-r16 ::=                   SEQUENCE {
    sl-BWP-r16                               BWP                                                                OPTIONAL,    -- Need M
    sl-LengthSymbols-r16                     ENUMERATED {sym7, sym8, sym9, sym10, sym11, sym12, sym13, sym14}   OPTIONAL,    -- Need M
    sl-StartSymbol-r16                       ENUMERATED {sym0, sym1, sym2, sym3, sym4, sym5, sym6, sym7}        OPTIONAL,    -- Need M
    sl-PSBCH-Config-r16                      SetupRelease {SL-PSBCH-Config-r16}                                 OPTIONAL,    -- Need M
    sl-TxDirectCurrentLocation-r16           INTEGER (0..3301)                                                  OPTIONAL,    -- Need M
To fix this issue, we propose the following TP:
	4.4.2	Resource grid
For the sidelink, the higher-layer parameter txDirectCurrentLocation-SL in the sl-TxDirectCurrentLocation SidelinkTxDirectCurrentBWP IE indicates the location of the transmitter DC subcarrier in the sidelink for each of the configured bandwidth parts, including that whether the DC subcarrier location is offset by 7.5 kHz+N∙5kHz if frequencyShift7p5khzSL is provided or N∙5kHz otherwise relative to the center of the indicated subcarrier or not, where the N is provided by higher layer parameter valueN. 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 sidelink is undetermined. 


[bookmark: _Ref47691995]Proposal 10: The SL DC subcarrier location is offset by 7.5 kHz+N∙5kHz if frequencyShift7p5khzSL is provided, or N∙5kHz otherwise, 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: In-coverage and partial-coverage UE are not able to communicate if the UE applies resource pool bitmap to pre-configured TDD-UL-DL-ConfigCommon when determining the resource pool in inter-RAT and intra-RAT case.

Based on the discussion, we have the following proposals:
Proposal 1: The 2nd SCI is mapped from the first transmitted PSSCH DMRS.
Proposal 2: 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 (excluding the AGC symbol).
Proposal 3: The maximum number of bits after rate matching for the 2nd SCI is 4096.
Proposal 4: Option 2 is used for TBS determination, i.e., gamma of 2nd SCI is assumed to be zero.
Proposal 5: The maximum data rate defined for Uu can be largely reused for sidelink with sidelink specific parameters.
Proposal 6: The scaling factor is defined as 1 for deriving sidelink maximum data rate.
Proposal 7: The overhead is defined as 0.23 and 0.28 in FR1 and FR2 for deriving sidelink maximum data rate.
Proposal 8: For in-coverage UE, it derives the resource pool based on its SL-TDD-Config derived from TDD-UL-DL-ConfigCommon in SIB1 while for partial-coverage UE, it uses the SL-TDD-Config received from the in-coverage UE for resource pool determination.
Proposal 9: Agree the TP to clarify that Y is the starting symbol index of SL in a slot.
Proposal 10: The SL DC subcarrier location is offset by 7.5 kHz+N∙5kHz if frequencyShift7p5khzSL is provided, or N∙5kHz otherwise, relative to the center of the indicated subcarrier, where the N is provided by higher layer parameter valueN.
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[2] [bookmark: _Ref47536957]R1-2005342, Remaining issues on sidelink synchronization mechanism, vivo
[3] [bookmark: _Ref47531262]3GPP TS 38.101-1, “NR;User Equipment (UE) radio transmission and reception”, v16.1.0 (2020-06)
[4] [bookmark: _Ref47531677]3GPP TS 38.331, “NR; Radio Resource Control (RRC) protocol specification”, v16.1.0 (2020-06).
[5] [bookmark: _Ref47621775]3GPP TS 38.214, “NR; Physical layer procedures for data”, v16.2.0 (2020-06). 



9

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.wmf
(

)

å

=

-

÷

÷

ø

ö

ç

ç

è

æ

-

×

×

×

×

×

×

×

=

J

j

j

s

j

BW

PRB

j

j

m

j

OH

T

N

R

f

Q

v

Layers

1

)

(

),

(

max

)

(

)

(

)

(

6

1

12

10

Mbps)

(in 

 

rate

 

data

m

m


oleObject1.bin

image4.wmf
)

(

j

Layers

v


image5.wmf
)

(

j

m

Q


oleObject2.bin

image6.wmf
)

(

j

f


oleObject3.bin

image7.wmf
m


oleObject4.bin

image8.wmf
m

s

T


oleObject5.bin

oleObject6.bin

image9.wmf
m

m

2

14

10

3

×

=

-

s

T


oleObject7.bin

image10.wmf
(

)

m

,

j

BW

PRB

N


oleObject8.bin

image11.wmf
(

)

j

BW


oleObject9.bin

oleObject10.bin

oleObject11.bin

image12.wmf
)

(

j

OH


oleObject12.bin

image13.emf
5 ms

D S U U U D S U U D

UL resource

LTE TDD config 6

5 ms

UL 

resource


Microsoft_Visio___3.vsdx
5 ms
D
S
U
U
U
D
S
U
U
D
UL resource
LTE TDD config 6
5 ms
UL resource



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


