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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution discusses some remaining issues of physical layer structure for NR sidelink. 
2 Resource pool
2.1 Time domain
The following agreements about resource pool time domain have been achieved in RAN1 #100-e.
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
This section discusses the details of the bitmap signaling and presents our analysis on how to apply the bitmap. Generally, the bitmap repeats until the maximum integer number of bitmap repetitions is reached within 10240ms (Figure 1). 
The following questions should be answered. 
1. How to determine the period (P in units of milliseconds) in which a bitmap applies to?
· The period can be 100ms, because the resource reservation period supports integer number of 100ms.
· The period can be 160ms which equals to the S-SSB periodicity.
· The period can be equal to the periodicity of TDD UL/DL pattern (Figure 1 shows an example of 10ms), or the combined periodicity if two patterns are configured, or 20ms because any possible combined periodicity can divide 20ms.
2. Within each period (P), the bitmap applies to all slots or only to a set of slots?
· If the bitmap applied to all slots, the length of the bitmap is P*2µ, where µ denotes the subcarrier spacing configuration. The bitmap signaling overhead will be high if the value of P is large at high SCS configuration. Also, the bit corresponding to a S-SSB slot or invalid slot (refers to the slot not satisfying condition that “the Y-th, (Y+1)-th, ....., (Y+X-1)-th symbols are semi-statically configured as UL”) is useless, and should be set to ‘0’ or ignored. 
· The bitmap can be applied only to a set of slots, e.g., only the UL portion of the period will be indicated by the bitmap (Figure 1). Specifically, 
· The UL slots in the period are included in the set of slots (whether the S-SSB slots are included or not will be discussed in question 3). 
· The flexible slot in the period is included in the set of slots, if the Y-th, (Y+1)-th, ....., (Y+X-1)-th symbols in the slot are semi-statically configured as UL. Otherwise, the flexible slot in the period is not included in the set of slots. 
· Here, the UL slot means all the symbols in the slot are UL symbols, and flexible slot means at least one symbol in the slot is flexible symbol. 
3. Are S-SSB slots excluded before or after applying the bitmap?
· Alt 1: S-SSB slots are excluded after applying bitmap. (Figure 1)
· Pros: none leftover reserved slots, if bitmap length is chosen appropriately. 
· Cons: need specification efforts, but limited. 
· Alt 2: S-SSB slots are excluded before applying bitmap. 
· Pros: Same as in LTE V2X, low specification efforts. 
· Cons: there are leftover reserved slots, in order to handle the case where the bitmap does not repeat an integer number of times within the SFN/DFN period. The reserved slots can be evenly distributed among slots after excluding S-SSB slots, same as in LTE V2X, Notice that the number of reserved slots is up to 159 when P=20ms and µ=3, and up to 799 when P=100ms and µ=3. It may be necessary to take measures to reduce the number of reserved slots to improve utilization efficiency of SL resources. 


[bookmark: _Ref40273656]Figure 1. Bitmap repeats within 10240ms
Based on the above analysis, we have the following proposals. 
Proposal 1: The bitmap repeats until the maximum integer number of bitmap repetitions is reached within 10240ms. 
Proposal 2: The bitmap length L_bitmap is equal to N_ul + N_flx in a period of P, where
· N_ul is the number of UL slots in the period. 
· N_flx is the number of flexible slots in the period satisfying condition that “the Y-th, (Y+1)-th, ....., (Y+X-1)-th symbols are semi-statically configued as UL”.
· P is (pre-) configured or specified from the following candidate values:
· 100ms
· 160ms
· 20ms
· Periodicity of TDD UL/DL pattern if only one pattern is configured.
· Combined periodicity if two patterns are configured.
Proposal 3: S-SSB slots are excluded after applying bitmap. No reserved slots are left.
In addition, in order to derive the time domain configuration of the resource pool, the reference subcarrier spacing (SCS) of the bitmap should be defined, and this value should be equal to the actual SCS of the SL BWP to achieve finer granularity indication.
Proposal 4: The reference subcarrier spacing of bitmap is equal to the actual SCS of SL BWP.
2.2 Frequency domain
The following working assumption about resource pool frequency domain has been achieved in RAN1 #100-e meeting.
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.
Firstly, the working assumption should be confirmed, from spectrum utilization perspective. 
Secondly, regarding how to deal with remaining PRBs, it is suggested that Rel-16 does not use the remaining PRBs for Tx/Rx. Specifically, a Rel-16 UE does not indicate a subchannel containing the remaining PRBs, and a Rel-16 UE is not required to decode the 2nd SCI or the PSSCH associated with a 1st SCI if the 1st SCI indicates a subchannel containing the remaining PRBs. We have already agreed that the sensing granularity of PSSCH is a normal subchannel, therefore, the remaining PRBs should not be considered in the sensing procedure and will not be selected as a candidate resource.
The remaining PRBs are the remaining mod(total number of PRBs, subchannel size) PRBs with highest PRB index, and can be allocated to an additional subchannel, rather than be appended to the existing subchannel (see Figure 2). For calculating the size of “frequency resource assignment” field in SCI format 0_1, the additional subchannel is not counted. In future release, it can be considered to transmit/receive data using the additional subchannel alone or jointly use normal subchannel and the additional subchannel, by using reserved bits to assign frequency resource. 


[bookmark: _Ref40273819]Figure 2. The remaining mod(total number of PRBs, subchannel size) PRBs has highest index
Proposal 5: Confirm the working assumption “For the number of PRBs for resource pool, allow configuration of all number of PRBs in a SL BWP”.
Proposal 6: If the configured PRBs for resource pool is not a multiple of subchannel size, the remaining PRBs are not used in Rel-16,
· A Rel-16 UE does not indicate a subchannel containing the remaining PRBs.
· A Rel-16 UE is not required to decode the 2nd SCI or the PSSCH associated with a 1st SCI if the 1st SCI indicates a subchannel containing the remaining PRBs.
· The remaining PRBs are not considered in the sensing procedure.
Proposal 7: In a resource pool, the remaining mod(total number of PRBs, subchannel size) PRBs with highest PRB index are allocated to an additional subchannel.
Proposal 8: For calculating the size of “frequency resource assignment” field in SCI format 0_1, the additional subchannel containing the remaining PRBs is not counted.
3 Sidelink TBS determination 
The following agreements about sidelink TBS determination have been achieved in previous meetings. The remaining details need to be resolved in this meeting.
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.

For 2nd SCI overhead in the TBS determination, the calculation of actual number of REs for 2nd SCI can refer to the following formula, which was agreed as a working assumption by email approval [99-NR-08]. 

However, this formula seems there is dependency between PSSCH TBS determination and 2nd SCI modulated symbols determination. This dependency issue needs to be resolved. A simple way is to replace the term  by , where  is the target code rate of PSSCH and  is the modulation order of PSSCH which are indicated by the fields “Modulation and coding scheme” and “MCS table indicator” in SCI format 0_1. 
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate R x [1024]
	Spectral
efficiency


Proposal 9: Replace the term  by , where  is the target code rate of PSSCH and  is the modulation order of PSSCH.
For PSFCH overhead in the TBS determination, it has been agreed to dynamically indicate the number of PSFCH symbols to be subtracted from the available number of PSSCH symbols. The remaining detail is whether to use 1st SCI or 2nd SCI. Since we propose to remove the dependency between PSSCH TBS determination and 2nd SCI modulated symbols determination, and it is not expected to increase the size of 1st SCI at this late stage, thus, the number of PSFCH symbols can be indicated by 2nd SCI. 1 bit "PSFCH overhead indicator" field is enough for indication of 0 or 3 symbols of PSFCH overhead. Moreover, in cases of PSFCH periodicity N = infinity (no PSFCH) and N = 1 (PSFCH in every slot), there is no need for any dynamic signaling. 
Proposal 10: For PSFCH overhead in the TBS determination, 0 or 1 bit “PSFCH overhead indicator” field in 2nd SCI indicates the number PSFCH symbols to be subtracted from the available number of PSSCH symbols. 
For PSSCH DMRS overhead in the TBS determination, it has been agreed that the reference number of REs occupied by PSSCH DMRS is used. The remaining detail is how to account the average number of DMRS REs among (pre-)configured patterns. 
For a given duration  of PSSCH transmission and a given number of PSSCH DMRS, the PSSCH DMRS time-domain location has been specified in 38.211 Table 8.4.1.1.2-1. If more than one DMRS patterns are configured by higher layer parameter sl-PSSCH-DMRS-TimePattern, SCI dynamically indicate one of them. For example, sl-LengthSymbols=12, i.e., , sl-PSSCH-DMRS-TimePattern = {2, 3}. From Table 8.4.1.1.2-1, the DMRS time domain location is {3, 10} for 2-symbol DMRS and {1, 5, 9} for 3-symbol DMRS. 
Table 8.4.1.1.2-1: 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

	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



We suggest that, for each DMRS pattern, the number of DMRS REs are calculated, and then an average operation is performed over all the (pre-)configured DMRS patterns. This can be expressed by

where is the number of DMRS REs in -th (pre-)configured DMRS pattern, and  is the number of all the (pre-)configured DMRS patterns.
Depending on the DMRS pattern, there may be FDM between PSCCH and PSSCH, and this can only happen in the first PSSCH DMRS position. Thus, we can calculate  as following:

if there is no FDM between PSCCH and PSSCH DMRS.

if there is FDM between PSCCH and first PSSCH DMRS.
where  is the number of DMRS symbols in -th DMRS pattern,  is the number of PRBs for PSSCH transmission,  means 6 out of 12 REs are DMRS REs in a RB.
In addition, PSSCH DMRS overhead be directly excluded from . 

For the number of PSSCH symbols, it has been agreed that AGC symbol and GP symbol in the end of slot are excluded, i.e., sl-LengthSymbols-2. Thus, the maximum number of REs per PRB would be 12*12=144. 
Based on the above analysis, we propose
Proposal 11: The following formula is used for sidelink TBS determination: 


where
· is the number of PSSCH symbols excluding AGC symbols and GP, i.e., sl-LengthSymbols-2.
· is the number of PSFCH symbols to be subtracted from the available number of PSSCH symbols,
· if PSFCH periodicity N = infinity (no PSFCH), 
· if PSFCH periodicity N = 1 (PSFCH in every slot), 
· else (in cases of PSFCH periodicity N = 2 or 4), 
· if “PSFCH overhead indicator” field in 2nd SCI = ‘0’,
· if “PSFCH overhead indicator” field in 2nd SCI = ‘1’,
·  is the average number of DMRS REs among (pre-)configured patterns.
· 
·  is the number of DMRS REs in -th (pre-)configured DMRS pattern
·  is the number of all the (pre-)configured DMRS patterns.
· , if there is no FDM between PSCCH and PSSCH DMRS in -th (pre-)configured DMRS pattern.
· , if there is FDM between PSCCH and first PSSCH DMRS in -th (pre-)configured DMRS pattern.
·  is the number of DMRS symbols in -th (pre-)configured DMRS pattern.
·  means 6 out of 12 REs are DMRS REs in a RB.
· 
·  is configured by sl-TimeResourcePSCCH-r16
·  is configured by sl-FreqResourcePSCCH-r16
·  = i.e., the number of coded modulation symbols for 2nd-stage SCI transmission, as specified in 38.212 section 8.1.4.
·  is the number of PRBs for PSSCH transmission.
· = 12.
4 [bookmark: _Toc29230253][bookmark: _Toc26459609]SL BWP and TX DC location
In this section, we first analyse the relation between SL (SL) BWP and Uu BWP, and then our considerations on TX DC are provided.
SL and Uu share spectrum resources in the same carrier case, considering SL will cause large interferences to Uu downlink (DL), SL is only allowed to be defined in UL (UL) carrier. 
In the following, we analyse the relation between SL BWP and Uu UL BWP for RRC-IDLE and RRC-CONNECTED V2X UEs.
For RRC-CONNECTED V2X UEs, the SL BWP could be configured by RRC signalling. Considering that up to four UL BWPs can be configured, the relation between the SL BWP and multiple configured UL BWPs should be carefully considered. Generally, there are two alternatives regarding to whether switching delay is allowed between the SL BWP and UL active BWP.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Alt. 1 No Switching delay exists between the SL BWP and UL active BWP.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13]In order to achieve alt.1, both the SL BWP (or transmit resource pools) and UL active BWP should be within UE’s Tx RF bandwidth and the same numerology should be used. As the same numerology has been already agreed, it will be an default assumption in the following discussion. As shown in Figure 3, there can be non-overlapping or overlapping between the SL BWP and UL active BWP. 


[bookmark: _Ref40273868]Figure 3. No Switching delay exists between the SL BWP and UL active BWP
For non-overlapping scenario as shown in Figure 3 (a), with a given UE’s Tx RF bandwidth, to accommodate the SL BWP, smaller size of UL BWP should be configured, compared with that of the UL BWP in Rel-15. While for overlapping scenario, as shown in Figure 3 (b) and (c), the constraint on UL BWP size could be relaxed a little bit, however, the total bandwidth occupied by UL active BWP and the SL BWP should not exceed UE’s Tx RF bandwidth . Furthermore, UL BWP switching can only happen among the UL BWPs which satisfy the constraints above, otherwise, no UL BWP switching is allowed. Therefore, in alt. 1, whether the constraints on the SL BWP and UL BWP in terms of frequency location and bandwidth is tolerable should be further studied.


[bookmark: _Ref40273916]Figure 4. Switching delay exists between the SL BWP and UL active BWP switching
[bookmark: _GoBack]Alt.2 Switching delay exists between the SL BWP and UL active BWP.
In this alternative, as shown in Figure 4, either the SL BWP (or transmit resource pools) or the UL active BWP should be within the UE Tx RF bandwidth at given time, and there is no further constraint on SL BWP and UL BWP in terms of frequency location and bandwidth. However, the switching between the SL BWP and UL active BWP is similar to the DCI and timer based UL BWP switching, and the switching delay is bounded by the value as given in the table below:
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	[1]
	[3]

	1
	0.5
	[2]
	[5]

	2
	0.25
	[3]
	[9]

	3
	0.125
	[6]
	[17]


For RRC-IDLE V2X UEs, the SL BWP could be configured by RMSI. There is no UL BWP switching and only initial UL BWP is activated. When consider the relation of SL BWP and initial UL BWP in terms of the frequency location and bandwidth, both alt. 1 and 2 described above could apply. 
There exist several cases requiring switching between the SL and UL transmissions, i.e., a UE may require switching to UL for sending SR and switching back to SL for data transmission in mode 1, or a UE may have data transmissions on both SL and UL, but can only select one to transmit at given time. Therefore, the switching delay in alt.2 may not be acceptable, especially for frequent switching between SL and UL.
Proposal 12: In the same carrier case, for RRC-CONNECTED and RRC-IDLE V2X UEs, support no switching delay between the SL BWP and UL active BWP switching.
Therefore, in order to achieve no switching delay between the SL BWP and UL active BWP switching, the same TX DC subcarrier location for both BWPs is preferred. 
Proposal 13: Support the same TX DC subcarrier location for the SL BWP and UL active BWP in the same carrier.
Furthermore, regarding the TX DC indication from TX UE to RX UE, it may not be possible as RRC connection is not always guaranteed for R16 V2X, and thus, a pre-configured TX DC indication location should be supported so that TX DC indication is not required.
Proposal 14: TX DC subcarrier location for the SL BWP for either RRC idle (or out of coverage NR V2X UEs) or RRC connected UEs should be preconfigured.  

5 Conclusions
The following conclusions are proposed:
Proposal 1: The bitmap repeats until the maximum integer number of bitmap repetitions is reached within 10240ms. 
Proposal 2: The bitmap length L_bitmap is equal to N_ul + N_flx in a period of P, where
· N_ul is the number of UL slots in the period. 
· N_flx is the number of flexible slots in the period satisfying condition that “the Y-th, (Y+1)-th, ....., (Y+X-1)-th symbols are semi-statically configued as UL”.
· P is (pre-) configured or specified from the following candidate values:
· 100ms
· 160ms
· 20ms
· Periodicity of TDD UL/DL pattern if only one pattern is configured.
· Combined periodicity if two patterns are configured.
Proposal 3: S-SSB slots are excluded after applying bitmap. No reserved slots are left.
Proposal 4: The reference subcarrier spacing of bitmap is equal to the actual SCS of SL BWP.
Proposal 5: Confirm the working assumption “For the number of PRBs for resource pool, allow configuration of all number of PRBs in a SL BWP”.
Proposal 6: If the configured PRBs for resource pool is not a multiple of subchannel size, the remaining PRBs are not used in Rel-16,
· A Rel-16 UE does not indicate a subchannel containing the remaining PRBs.
· A Rel-16 UE is not required to decode the 2nd SCI or the PSSCH associated with a 1st SCI if the 1st SCI indicates a subchannel containing the remaining PRBs.
· The remaining PRBs are not considered in the sensing procedure.
Proposal 7: In a resource pool, the remaining mod(total number of PRBs, subchannel size) PRBs with highest PRB index are allocated to an additional subchannel.
Proposal 8: For calculating the size of “frequency resource assignment” field in SCI format 0_1, the additional subchannel containing the remaining PRBs is not counted.
Proposal 9: Replace the term  by , where  is the target code rate of PSSCH and  is the modulation order of PSSCH.
Proposal 10: For PSFCH overhead in the TBS determination, 0 or 1 bit “PSFCH overhead indicator” field in 2nd SCI indicates the number PSFCH symbols to be subtracted from the available number of PSSCH symbols. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 11: The following formula is used for sidelink TBS determination: 


where
· is the number of PSSCH symbols excluding AGC symbols and GP, i.e., sl-LengthSymbols-2.
· is the number of PSFCH symbols to be subtracted from the available number of PSSCH symbols,
· if PSFCH periodicity N = infinity (no PSFCH), 
· if PSFCH periodicity N = 1 (PSFCH in every slot), 
· else (in cases of PSFCH periodicity N = 2 or 4), 
· if “PSFCH overhead indicator” field in 2nd SCI = ‘0’,
· if “PSFCH overhead indicator” field in 2nd SCI = ‘1’,
·  is the average number of DMRS REs among (pre-)configured patterns.
· 
·  is the number of DMRS REs in -th (pre-)configured DMRS pattern
·  is the number of all the (pre-)configured DMRS patterns.
· , if there is no FDM between PSCCH and PSSCH DMRS in -th (pre-)configured DMRS pattern.
· , if there is FDM between PSCCH and first PSSCH DMRS in -th (pre-)configured DMRS pattern.
·  is the number of DMRS symbols in -th (pre-)configured DMRS pattern.
·  means 6 out of 12 REs are DMRS REs in a RB.
· 
·  is configured by sl-TimeResourcePSCCH-r16
·  is configured by sl-FreqResourcePSCCH-r16
·  = i.e., the number of coded modulation symbols for 2nd-stage SCI transmission, as specified in 38.212 section 8.1.4.
·  is the number of PRBs for PSSCH transmission.
· = 12.
Proposal 12: In the same carrier case, for RRC-CONNECTED and RRC-IDLE V2X UEs, support no switching delay between the SL BWP and UL active BWP switching.
Proposal 13: Support the same TX DC subcarrier location for the SL BWP and UL active BWP in the same carrier.
Proposal 14: TX DC subcarrier location for the SL BWP for either RRC idle (or out of coverage NR V2X UEs) or RRC connected UEs should be preconfigured. 
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