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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
1 
2 
Time domain
The following agreements about resource pool time domain have been achieved in previous meetings.
Agreements:
· A slot is the time-domain granularity for resource pool configuration.
· To down-select:
· Alt 1. Slots for a resource pool is (pre-)configured with bitmap, which is applied with periodicity
· Alt 2. Slots for a resource pool is (pre-)configured, where the slots are applied with periodicity.
· FFS: signaling details
· FFS: how to apply the above bitmap signaling, e.g., to all slots or only to a set of slots
· FFS: symbols for sidelink in the slot, how to indicate for the case when not all symbols are for SL
Agreement:
· For resource pool configuration, slots for a resource pool is (pre-)configured with bitmap, which is applied with periodicity. 
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. 
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, 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. 
· [bookmark: _GoBack]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. 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), and 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, the flexible slot in the period is not included in the set of slots otherwise. 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. The S-SSB slots are excluded before or after applying the bitmap?
· Alt 1: S-SSB slots are excluded after applying bitmap. 
· 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. 
Based on the above analysis, we have the following proposals. 
Proposal 1: The bitmap length L_bitmap is equal to N_ul + N_flx in a period of P, 
where
· The candidate values of period P are 100ms, 160ms, 20ms, the periodicity of TDD UL/DL pattern if only one pattern is configured, the combined periodicity if two patterns are configured. 
· The period P can be (pre-) configured or specified in the specification. 
· 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”.
Proposal 2: S-SSB slots are excluded after applying bitmap. 
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.
In order to guarantee that every PRB in a SL BWP has chances to be used, and resource pool consists of integer number of subchannels, it can be implemented by configuring multiple resource pools for a UE and setting appropriate starting PRB, subchannel size and number of subchannels for each resource pool. This requires the UE to maintain multiple resource pools. 
Alternatively, if the configured number of PRBs in a resource pool is not a multiple of subchannel size, do not use the remaining PRBs in Rel-16. Since we already agreed that the sensing granularity of PSSCH is a sub-channel, this way has no impact on the existing design of sidelink structure and procedure. 
In future release, we can consider to deal with the remaining PRBs. For example, the candidate number of subchannel size can be increased, by introducing smaller subchannel size. Or, some subchannels have more PRBs than the other subchannels in one resource pool. Or, the remaining PRBs can be included into a separate resource pool for dedicated purpose, such as standalone PSCCH transmission.
Proposal 3: Confirm the working assumption, and the remaining PRBs are not used in Rel-16 if the configured PRBs for resource pool is not a multiple of subchannel size. 
3 Sidelink TBS determination 
The following agreements about sidelink TBS determination have been achieved in previous meetings.
Agreement:
· For sidelink TBS determination, the procedure steps 2), 3), and 4) in 5.1.3.2 Transport block size determination of TS38.214 are reused.
Agreements:
For sidelink TBS determination, N_RE’ and/or N_RE are calculated based on the procedure step 1) in 5.1.3.2 Transport block size determination of TS38.214 with the following considerations.
· For the number of PSSCH symbols,
· AGC symbol and GP symbol in the end of slot are excluded. 
· PSCCH overhead
· The exact number of REs for PSCCH (including PSCCH DMRS) is considered
· 2nd SCI overhead
· FFS: How to consider the 2nd SCI 
· This is not intended to revert the existing agreement on the 2nd SCI mapping FFS: How to handle the relationship between PSSCH TBS determination and 2nd stage SCI modulated symbols determination. 
· FFS: how to consider PSFCH, PSSCH DMRS, GP symbols before PSFCH, SL PT-RS, SL CSI-RS
· FFS: N_oh^PRB is introduced or not (pre-)configured per resource pool. 
· The overhead for SL PT-RS and SL CSI-RS is considered as already included in N_oh^PRB.
· FFS: The number of candidiate values for N_oh^PRB is 8.
· It is RAN1’s understanding that a UE is not expected to receive a retransmission with a TB size that is different from the last valid TB size signalled for this TB.
· Note: The design will be such that the TBS is the same between a transmission and its re-transmission(s).
As concluded in last meeting, the TBS calculation should guarantee a consistent value during initial transmission and its re-transmission(s). This criterion will seriously impact the expressions of N_RE’ and/or N_RE. 
So far, the overhead that can be potentially subtracted from the TBS calculations are:
· PSCCH(1st SCI)
· 2nd SCI
· PSSCH DMRS
· Sidelink CSI-RS
· Sidelink PT-RS
· PSFCH


First, the time/frequency resources consumed by PSCCH is semi-static within a resource pool, which offers a good reason to keep its overhead precisely subtracted in the TBS equation. Then, if we look at the parameters 2nd SCI, PSSCH DMRS, sidelink CSI-RS and sidelink PT-RS, their overhead may vary among initial transmission and its re-transmission(s). Therefore, we’d better use a high layer configured parameters  counting all those time-varying parameters. Finally, some transmission may occur in a slot with PSFCH, and others not. To handle this incoherence, one straightforward solution is to assume PSFCH together with its adjacent GAP symbols shall be present in every (re)-transmission. This will impact the explanations on parameter.

In sum, our preference for the calculation of  is

,




where  is the number of subcarriers in a sidelink physical resource block;  is the number of symbols of the PSSCH allocation within the slot, where PSFCH overhead is always assumed to be present;  is the average number of REs for 1st SCI among all available REs. is the overhead configured by high layer parameter.


For the calculation of , we tend to re-use the Uu’s way, which is , where is the total number of allocated PRBs for the UE.. 
Proposal 4: The overhead of 2nd SCI/ PSSCH DMRS / Sidelink CSI-RS /Sidelink PT-RS can be included in a high layer parameter. 
Proposal 5: For maintaining a consistent TBS value, PSFCH and its adjacent GAP symbols should always be assumed to be present during initial and re-transmission(s).
Text Proposal: sidelink TBS calculation
	--------------------------------------------------------------------------------------------------------------------------

[bookmark: OLE_LINK12]1）The UE shall first determine the number of REs() within the slot.
· 
A UE first determines the number of REs allocated for PDSCH within a PRB()by





, where  is the number of subcarriers in a sidelink physical resource block,  is the number of symbols of the PSSCH allocation within the slot, where PSFCH overhead is always assumed to be present.  is the average number of REs for 1st SCI among all available REs. is the overhead configured by high layer parameter.
· 

A UE determines the total number of RE allocated for PDSCH()by, where is the total number of allocated PRBs for the UE.

---------------------------------------------------------------------------------------------------------------------------- 



4 2nd SCI 
In RAN1 #99 meeting, it has been discussed to down-select between the following two options concerning 2nd SCI format: 
	· Option 1: The same 2nd stage SCI format is used for groupcast HARQ feedback option 1 and option 2.
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]SCI indicator to indicate between groupcast Option 1 and groupcast Option 2 is in the 2nd-stage SCI.
· Option 2: Different 2nd stage SCI formats are used in groupcast HARQ feedback option 1 and option 2.
· 1st stage SCI indicates which format is used.


We incline to support option 2, since option 1 forces 2nd SCI used for groupcast HARQ feedback option 1 and option 2 into the same payload which causes more overhead. Thus, option 2 is more efficient on resource utilization.
Proposal 6: Support Option 2. 
5 [bookmark: _Toc29230253][bookmark: _Toc26459609]SL BWP and TX DC location
3 
4 
5 
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]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 1, there can be non-overlapping or overlapping between the SL BWP and UL active BWP. 


Figure 1. No Switching delay exists between the SL BWP and UL active BWP
For non-overlapping scenario as shown in Figure 1 (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 1 (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.


Figure 2. Switching delay exists between the SL BWP and UL active BWP switching
Alt.2 Switching delay exists between the SL BWP and UL active BWP.
In this alternative, as shown in Figure 2, 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 [8]:
	[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 7: 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 8: 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 9: 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.  

6 Conclusions
The following conclusions are proposed:
Proposal 1: The bitmap length L_bitmap is equal to N_ul + N_flx in a period of P, 
where
· The candidate values of period P are 100ms, 160ms, 20ms, the periodicity of TDD UL/DL pattern if only one pattern is configured, the combined periodicity if two patterns are configured. 
· The period P can be (pre-) configured or specified in the specification. 
· 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”.
Proposal 2: S-SSB slots are excluded after applying bitmap. 
Proposal 3: Confirm the working assumption, and the remaining PRBs are not used in Rel-16 if the configured PRBs for resource pool is not a multiple of subchannel size. 
Proposal 4: The overhead of 2nd SCI/ PSSCH DMRS / Sidelink CSI-RS /Sidelink PT-RS can be included in a high layer parameter. 
Proposal 5: For maintaining a consistent TBS value, PSFCH and its adjacent GAP symbols should always be assumed to be present during initial and re-transmission(s).
Proposal 6: Support Option 2.
Proposal 7: 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 8: Support the same TX DC subcarrier location for the SL BWP and UL active BWP in the same carrier.
Proposal 9: 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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