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Introduction
In RAN 1 #100e meeting, three topics with higher priority of sidelink physical layer structure are discussed and the agreements and working assumptions are achieved as following [1]:
	[100e-NR-5G_V2X_NRSL-PHYstructure-01] 
Email discussion/approval on issue 4 (TBS determination) 
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).

[100e-NR-5G_V2X_NRSL-PHYstructure-02] 
Email discussion/approval on issue 8 (resource pool configuration)
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
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.

[100e-NR-5G_V2X_NRSL-PHYstructure-03] 
Email discussion/approval on issue 9 (determination of PSSCH DMRS frequency domain pattern) 
Agreements
· For frequency domain DMRS pattern for PSSCH, support only DMRS configuration type 1. 
· The "Number of DMRS ports" field in 1st stage SCI indicates DMRS port(s) of PSSCH with one bit. 
· "0" means to use a port 1000 and "1" means to use two ports 1000/1001. 
· Both PSSCH antenna ports are defined to be CDM group 0. 
· Note: how to capture this is up to editors. 
· PSSCH is rate-matched around PSSCH DMRS REs within a resource block used for transmission of PSSCH 
· Note: The REs not used for DMRS in the DMRS symbol will be used for PSSCH, PSCCH, or 2nd SCI mapping.


According to the agreements, there are still FFS issues on resource pool allocation and TBS calculation to be determined. Besides, the following remaining detailed issues also need to be determined or clarified: 
· 2nd SCI related 
· Initial value of scrambling sequence of PSCCH/PSSCH/2nd SCI 
· MCS table determination
· Indication of 2nd SCI format in 1st SCI
· Frequency-domain OCC of PSCCH DMRS 
· Resource mapping of SL CSI-RS and SL PT-RS
· BWP related issue 
· ECP DMRS pattern
In this contribution, discussion and proposals of the above issues are presented. 
Resource pool allocation
Slot indication 
According to the agreement, the bitmap scheme of legacy sidelink is reused in principle for NR sidelink slot allocation. While the mapping period could be set as 10240ms per LTE design, bitmap length and corresponding reserved slot aspects are discussed in the following subsections. . 
Subframe allocation for resource pool in LTE
On LTE sidelink, the bitmap length of sidelink subframe allocation is determined according to TDD UL/DL configuration as shown in Table 1, i.e. the bitmap length is determined according to the number of UL subframes in a frame. 
[bookmark: _Ref21768] Table 1  Resource allocation bitmap length in LTE TDD system
	TDD UL/DL configuration 
	#0
	#1
	#2
	#3
	#4
	#5
	#6

	Number of UL subframes in a frame
	6
	4
	2
	3
	2
	1
	5

	Bitmap length
	60
	40
	20
	30
	20
	10
	50



Then, the number of reserved subframe  is determined as following: 





where  is the length of bitmap of sidelink resource pool,  is the number of SLSS and  is the number of DL/S subframes within a SFN/DFN circle.
The reserved subframes are excluded from bitmap mapping and cannot be used as sidelink resource. It is introduced to avoid the bitmap mapping hopping across SFN/DFN boundary when the number of available subframes in a SFN/DFN circle is not integer multiple of the length of bitmap. In other words, excluding reserved subframes, the number of subframes used for mapping is adjusted to be an integer multiple of the length of bitmap. The actual mapping period is one SFN/DFN circle = 10240 ms.
NR slot bitmap
For NR sidelink, as flexible D/F/U slot allocation is indicated in TDD-UL-DL-ConfigCommon, it is hard to reuse the legacy rule to set a few values as the length of bitmap given diverse available slots for NR SL. Furthermore, even with a certain D/F/U slot allocation, the potential maximum length of bitmap should at least align with the number of available slots within a D/F/U slot allocation period which may need hundreds of bits. In one word, the legacy scheme to determine the length of bitmap is not suitable for NR sidelink. In order to set reasonable values of the bitmap length for all the available D/F/U slot allocation and period, we may take the reserved slot issue into account in determining the bitmap length. 

The reserved slot may be used to ensure the number of available slots for SL bitmap mapping is integer multiple of the length of bitmap. Accordingly, the number of reserved slots  can be determined as following:

 
where [image: ] is the number of slots in 10 ms, [image: ] is the number of SLSS slots and[image: ]is the number of non-SL slots in 10240 ms, non-SL means the slot not having at least Y-th, (Y+1)-th, ....., (Y+X-1)-th UL symbols in a slot as in the working assumption.
As SLSS period is 160 ms and the D/F/U slot allocation period is a factor of 20 ms, the above formula can be deformed as:



where is the number of SLSS slot within a period = 160 ms, [image: ]is the number of non-SL slot in 160 ms which can be determined according to D/F/U slot allocation.

Based on the above formula derivation, we can obtain a simple rule to define the bitmap length for NR sidelink resource pool allocation. By setting the as a factor of 64, e.g., [64,32,16,8], the bitmap length can be (pre-)configured per resource pool with sufficient flexibility to indicate SL slot allocation. Besides, for an arbitrary D/F/U slot allocation, the number of reserved slots should be zero, i.e. more available slots can be used for sidelink. 
According to the analysis above, no reserved slot is needed with reasonable value of bitmap length, such as [64,32,16,8], and the bitmap mapping should repeat with a period of 10240 ms.
[bookmark: _Toc30336][bookmark: _Toc30873]The length of the bitmap for resource pool allocation is (pre-)configured per resource pool, available values are [64,32,16,8].
[bookmark: _Toc9355][bookmark: _Toc29235]With the bitmap length value range [64,32,16,8], reserved slot is not needed in NR SL resource pool allocation.
[bookmark: _Toc18670]Use 10240 ms as resource pool bitmap period.
Remaining RBs 
[bookmark: _Toc13210]If the number of PRBs within SL BWP is not an integer multiple of sub-channel size, there are some “remaining RBs” which can not be used for sidelink. 
On one hand, this issue can be avoided by using suitable configuration of SL BWP and sub-channel size. Furthermore, there may be more than one resource pools (pre-)configured in the SL BWP, all the PRBs can be assigned into different resource pools and no “remaining RBs” is wasted. 
Considering the limited time available for release-16 NR SL, it should be avoided to introduce extra complexity and standardization discussion on “remaining RBs” issue for the corner case. 
[bookmark: _Toc4693][bookmark: _Toc939][bookmark: _Toc6764][bookmark: _Toc24792]The sub-channel should be used as granularity of frequency resource allocation for sidelink resource pool, i.e. the number of PRBs configured for a resource pool should be integer multiple of sub-channel size. 
TBS determination for PSSCH

To determine TBS for PSSCH, the main issue is how to determine . Reflecting the agreement in RAN 1 #100-e, an alternative for calculation is as follows:





where  is the number of symbol for PSSCH,  is the number of REs in a PRB used for DMRS and  is overhead configured by high layer.
Number of REs in a PRB for DMRS 

According to the DMRS configuration of PSSCH, the value of  can be determined. The same process as Uu can be reused to calculate the overhead of DMRS for PSSCH and no modification is needed.
Number of symbol for PSSCH

For the case that the period of PSFCH N =2 or 4,  is different slot wise given part of the slots included in the resource pool contain PSFCH and others not, i.e. the number of symbols used for PSSCH of the two types of slots are different, shown as below:
For the slots without PSFCH：


，
For the slots with PSFCH：


，
where,

refers to the GP symbol in the end of a slot;

refers to the symbol used for PSFCH;

 refers to the GP symbol before PSFCH.

Accordingly, the difference of the number of PSSCH symbols between slots with or without PSFCH is , i.e. 3 symbols in a slot.
On one hand, it is agreed that a UE is not expected to receive a retransmission with a TB size that is different from the last valid TB size signaled for this TB. On the other hand, a TB may be transmitted/retransmitted on different types of slot and the number of symbols of PSSCH are different.
To avoid the different TB size of a same TB are determined depending on whether PSFCH is contained in the transmitting slot, the number of symbols of PSSCH used in TB size determination can be defined as:

, 


where, ,  is the configuration period of PSFCH in this resource pool.
[bookmark: _Toc17612]For TB size determination, the number of symbols of PSSCH should use an average value for the slots with and without PSFCH resource.
REs overhead configured by high layer


On NR Uu, the  is configured by high layer to cover the potential resource overhead of PT-RS, CORESET, etc. Reusing a similar scheme, the REs potentially used for PT-RS and CSI-RS on sidelink can also be handled through  which is configured per resource pool.

Another issue needs to be considered is how to handle the REs used for 2nd SCI. Considering the 2nd SCI should always be transmitted on PSSCH, the overhead of 2nd SCI can roughly be covered by using . Besides, by using high layer configured overhead, it can avoid the complexity that TB size determination of PSSCH depending on the actual number of REs used for 2nd SCI for each transmission.

[bookmark: _Toc23318]For TB size determination, the overhead of PT-RS, CSI-RS and 2nd SCI should be covered through  which is (pre-)configured per resource pool.
Number of REs for PSCCH
The resource unit of a PSCCH is configured per resource pool, and the exact number of REs used for a PSCCH (including DMRS) can be determined according to the configuration irrespective of how many sub-channels and symbols are used for the relevant PSSCH.
Considering that, the REs used for PSCCH should be subtract from the total resource of PSSCH as following:




Where,  is the number of REs of PSCCH, .
[bookmark: _Toc16920]For TB size determination, the REs of PSCCH should be subtracted from the total resources of PSSCH.
Based on the analysis above, we propose to use the following procedure to determine TB size of PSSCH:
[bookmark: _Toc13986]The TB size of PSSCH should be determined as following:

, where 

 


,  is the configuration period of PSFCH in this resource pool

[bookmark: _Toc2022]The overhead of PT-RS, CSI-RS and 2nd SCI is covered in  which is (pre-)configured per resource pool


2nd SCI related
The format indication of 2nd SCI 
According to the type 1 groupcast feedback indicator in 1st SCI, the 2nd SCI can have two different formats as following: 
-- long format with Zone ID and Communication range requirement fields which is used for groupcast with type 1 distance based feedback enable.
-- Short format for other cases, including broadcast, unicast and groupcast.
  Table 2  Long format of 2nd SCI
	Content items
	Overhead  (bits)

	HARQ Process ID
	[4]

	New data indicator
	1

	Redundancy version
	2

	Source ID
	8

	Destination ID
	16

	Zone ID
	12

	Communication range requirement
	4

	CRC
	24

	Total 
	71


  Table 3  Short format of 2nd SCI
	Content items
	Overhead  (bits)

	HARQ Process ID
	[4]

	New data indicator
	1

	Redundancy version
	2

	Source ID
	8

	Destination ID
	16

	[HARQ Feedback]
	[2]

	CSI request
	1

	CRC
	24

	Total
	58


As short format of 2nd SCI can be used for several cases, an indicator of HARQ feedback needs to be added to indicate whether the HARQ feedback is enabled or not. In detail, the HARQ feedback field can indicate the following cases and 2 bits are needed. Further analysis about the HARQ feedback indicator in 2nd SCI can be found in our companion paper [7].
-- HARQ feedback disabled for unicast/groupcast
-- HARQ feedback enable with type 2 for unicast/groupcast
-- HARQ feedback enable with non-distance based type 1for groupcast
[bookmark: _Toc24215]To add 2 bits for indicator of HARQ feedback in short format of 2nd SCI to indicate HARQ feedback enable/disable and feedback type.
Additionally, the overhead of HARQ process ID is still not confirmed. We propose to use 4 bits for this field as that in DCI.
[bookmark: _Toc5180][bookmark: _Toc17602]In TS38.212 section 8.4.1.1, the SCI format 0-2 should contain:
[bookmark: _Toc19648]HARQ process ID -  [x] 4 bits 
[bookmark: _Toc22340]HARQ feedback indicator - 2 bits
The format of the 2nd SCI should be indicated in the 1st SCI, and the available number of the 2nd SCI format and overhead in the 1st SCI is not determined.
According to the above discussion, at least two formats should be used for the 2nd SCI. Besides, considering the forward compatibility, preserved indicator for possible new format of the 2nd SCI should be reserved. Therefore, we propose to use 2 bits indicating the 2nd SCI format in the 1st SCI.
[bookmark: _Toc6713]In TS38.212 section 8.3.1.1, the SCI format 0-1 should contain:
[bookmark: _Toc28106]Indication of 2nd-stage SCI format – [x] 2 bits 
Number of REs used for 2nd SCI
In the process of determining the number of REs used for 2nd SCI, the following formula is used：


Where, 



 is the number of REs used for CSI-RS on symbol l.
On sidelink, the CSI-RS transmission is described as [5]:
	[bookmark: _Toc29673386][bookmark: _Toc29673245][bookmark: _Toc29674379]8.2.1	CSI-RS transmission procedure 
A UE transmits sidelink CSI-RS within a unicast PSSCH transmission if the following conditions hold:
-	CSI reporting is enabled by higher layer parameter [CSIsiReporting]; and
-	the “CSI request” field in the corresponding SCI format 0-2 is set to 1.


For sidelink communication, Rx UE of the unicast should decode the 2nd SCI and get the CSI request indicator. Then there is a circular dependency issue as: on one hand, whether the CSI-RS is transmitted is indicated in 2nd SCI which can be known after decoding 2nd SCI; on the other hand, in order to decode the 2nd SCI, Rx UE needs to determine the REs carrying 2nd SCI according to whether and how many REs are used for CSI-RS. 
To resolve the issue, a simple and direct way is to ignore the CSI-RS impact on 2nd SCI rate matching step, and we propose to take the following modification in 38.212:
[bookmark: _Toc5036][bookmark: _Toc27647][bookmark: _Toc4616][bookmark: _Toc4472][bookmark: _Toc26795][bookmark: _Toc4602]In TS 38.212 section 8.4.4, we propose to consider the modification as following:
[bookmark: _Toc11316][bookmark: _Toc8758]In rate matching process of 2nd SCI, the REs used for CSI-RS should not be considered since the configuration of CSI-RS cannot be obtained before decoding 2nd SCI

	
Others 
Initial value of scrambling sequence 
The initial values of scrambling sequence for 1st SCI, 2nd SCI and data process are not determined. According to the scheme used on legacy sidelink or Uu, we propose to use the following values for the corresponding initial sequence:
[bookmark: _Toc2455][bookmark: _Toc16864]Fixed value should be defined as the initial value of PSCCH scrambling, eg, 1010.
[bookmark: _Toc5899][bookmark: _Toc27414]Using CRC of 1st SCI as the initial value for 2nd SCI scrambling.
[bookmark: _Toc28420][bookmark: _Toc8225]Using CRC of 1st SCI as the initial value for PSSCH scrambling. 
Resource for CSI-RS and PT-RS 
[bookmark: _Toc5114]The patterns and available configuration of sidelink PT-RS and CSI-RS are determined based on the schemes on Uu. According to the relevant configuration, there may be RE conflict between PT-RS/CSI-RS and PSCCH/PSSCH resources. For the conflict cases, it should be clarified how to map PT-RS and CSI-RS. 
PSCCH resource and the REs used for 2nd SCI in PSSCH are used for carrying sidelink control information, it should have higher priority than the transmitting of PT-RS and CSI-RS. Therefore, we propose to drop the PT-RS and CSI-RS on the REs which are conflicted with PSCCH and the resource used for 2nd SCI.
[bookmark: _Toc16700]PT-RS and CSI-RS are not mapped on PSCCH resource.
[bookmark: _Toc23165]On the REs configured for 2nd SCI in PSSCH resource, PT-RS and CSI-RS are not transmitted.
Frequency OCC of PSCCH DMRS
[bookmark: _Toc24787]Based on the previous discussion, a number of frequency OCC of PSCCH DMRS should be selected from [2,3,4]. As the RE density of PSCCH DMRS is 1/4, i.e. 3 REs per RB, we propose to use 3 frequency OCC for DMRS of PSCCH.
[bookmark: _Toc8489]Using 3 frequency OCC for PSCCH DMRS. 
MCS table determined 
Although three MCS tables are supported on sidelink, there is no detail discussion or stimulation to show that using more than one MCS tables for a resource pool can provide additional benefit. And we propose to use only one of the MCS tables per resource pool andthe MCS table used for a resource pool should be (pre-)configured.
[bookmark: _Toc16397][bookmark: _Toc3911]Only one MCS table is configured per resource pool.
ECP DMRS pattern 
Since several DMRS patterns with different densities are supported for sidelink communication and it can be chosen by UE depending to actual conditions, there is no need to introduce additional DMRS pattern for extended CP.
[bookmark: _Toc21563][bookmark: _Toc21051]No additional DMRS pattern is needed for ECP.
[bookmark: _Toc30716][bookmark: _Toc19141][bookmark: _Toc8335]Conclusion
According to the discussion above, we prefer to modify or clarify the following issues in sidelink structure in relevant TS:
Proposal 1: The length of the bitmap for resource pool allocation is (pre-)configured per resource pool, available values are [64,32,16,8].
Proposal 2: With the bitmap length value range [64,32,16,8], reserved slot is not needed in NR SL resource pool allocation.
Proposal 3: Use 10240 ms as resource pool bitmap period.
Proposal 4: The sub-channel should be used as granularity of frequency resource allocation for sidelink resource pool, i.e. the number of PRBs configured for a resource pool should be multiple of sub-channel size.
Proposal 5: For TB size determination, the number of symbols of PSSCH should use an average value for the slots with and without PSFCH resource.

Proposal 6: For TB size determination, the overhead of PT-RS, CSI-RS and 2nd SCI should be covered through  which is (pre-)configured per resource pool.
Proposal 7: For TB size determination, the REs of PSCCH should be subtracted from the total resources of PSSCH.
Proposal 8: The TB size of PSSCH should be determined as following:

• , where

- 


- ,  is the configuration period of PSFCH in this resource pool

- The overhead of PT-RS, CSI-RS and 2nd SCI is covered in  which is (pre-)configured per resource pool

• 
Proposal 9: To add 2 bits for indicator of HARQ feedback in short format of 2nd SCI to indicate HARQ feedback enable/disable and feedback type.
Proposal 10: In TS38.212 section 8.4.1.1, the SCI format 0-2 should contain:
• HARQ process ID -  [x] 4 bits
• HARQ feedback indicator - 2 bits
Proposal 11: In TS38.212 section 8.3.1.1, the SCI format 0-1 should contain:
• Indication of 2nd-stage SCI format – [x] 2 bits
Proposal 12: In TS 38.212 section 8.4.4, we propose to consider the modification as following:
• In rate matching process of 2nd SCI, the REs used for CSI-RS should not be considered since the configuration of CSI-RS cannot be obtained before decoding 2nd SCI

- 
Proposal 13: Fixed value should be defined as the initial value of PSCCH scrambling, eg, 1010.
Proposal 14: Using CRC of 1st SCI as the initial value for 2nd SCI scrambling.
Proposal 15: Using CRC of 1st SCI as the initial value for PSSCH scrambling.
Proposal 16: PT-RS and CSI-RS are not mapped on PSCCH resource.
Proposal 17: On the REs configured for 2nd SCI in PSSCH resource, PT-RS and CSI-RS are not transmitted.
Proposal 18: Using 3 frequency OCC for PSCCH DMRS.
Proposal 19: Only one MCS table configured per resource pool.
Proposal 20: No additional DMRS pattern is needed for ECP.
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