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Introduction
In RAN 1 #100bis-e meeting, structure relevant agreements are achieved as following [1]:
	[100b-e-NR-5G_V2X_NRSL-PHYstructure-01] Email discussion/approval regarding TBS determination for PSSCH 
Agreements:
· For 2nd SCI overhead in the TBS determination, the actual number of REs occupied by the 2nd SCI is used.
· 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.

[100b-e-NR-5G_V2X_NRSL-PHYstructure-04] Email discussion/approval regarding SCI related 
Agreements:
· The MCS table is indicated by 1st SCI, the number of MCS tables is (pre-) configured per resource pool.           
· 64QAM table is (pre-)configured as default. 
· Zero, one or two additional can be additionally (pre-)configured. Tables
· Using the 256QAM and/or low-SE MCS tables
· The number of bits in the 1st SCI for the indication is determined based on the number of MCS tables (pre)-configured for the resource pool
· 0, 1, or 2 bits
· Over-writing the (pre-)configured MCS table(s) by PC5-RRC is NOT supported
· A UE is not required to decode the 2nd SCI or the PSSCH associated with a 1st SCI if the 1st SCI indicates an MCS table that the UE does not support


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 
· Indication of 2nd SCI format in 1st SCI
· Frequency-domain OCC of PSCCH DMRS 
· Resource mapping of SL CSI-RS and SL PT-RS
· ECP DMRS pattern
In this contribution, discussion and proposals of the above issues are presented. 
Resource pool allocation
Slot indication 
[bookmark: _Toc18670][bookmark: _Toc24253]For the resource pool bitmap period, although there is no agreement, using 10240 ms as the period seems to be majority view. We also propose to use the same value of LTE sidelink scheme.
[bookmark: _Toc31944]Use 10240 ms as resource pool bitmap period.
As analyzed in [2], by using slot bitmap with length of [64,32,16,8], reserved slots can be avoided in resource pool slot allocation. Without introducing reserved slots, more resources are available for sidelink with more concise specification description. 
During email discussion [100b-e-NR-5G_V2X_NRSL-PHYstructure-03], some comments on flexibility of the scheme are presented. Considering the requirement of more flexibility of resource pool slot allocation with diverse SCS and TDD period configurations, more values of bitmap length should be used with a few preconditions.

For NR sidelink, 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 non-SL slot in 160/80/40/20 ms which can be determined according to D/F/U slot allocation, and  is the number of SLSS slot within 160/80/40/20 ms.
As the period of SLSS is 160 ms, the number of SLSS slot within 80/40/20 ms may not be an integer value, and there should be a precondition when using the bitmap length of [128, 256, 512] as listed in Table 1.




[bookmark: _Ref7212]Table 1 Precondition of using bitmap length [128, 256, 512]
	Bitmap length
	SLSS configuration

	128
	Mod (,2）=0

	256
	Mod (,4) = 0

	512
	Mod (,8) = 0 

	Note: is the number of SSBs within a period (160ms) belonging to sync resources set i given a total of Nsync. sync resource sets.



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 [512, 256, 128, 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 thanks to which 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 [512, 256, 128, 64,32,16,8]. The bitmap mapping should repeat with a period of 10240 ms.
[bookmark: _Toc9224][bookmark: _Toc17278]The length of the bitmap for resource pool allocation is (pre-)configured per resource pool, available values are [512, 256, 128, 64,32,16,8].
[bookmark: _Toc11717][bookmark: _Toc22397]With the bitmap length value range [512, 256, 128, 64,32,16,8], reserved slot is not needed in NR SL resource pool allocation.
Potential SL slot
According to the WA of potential SL slots on which bitmap should be mapped, the slots are determined as:
	· (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


For OoC UEs, the TDD-UL-DL-Config should be obtained from PSBCH instead of SIB. From the perspective of sidelink resource structure, as the basis of slot bitmap of sidelink resource pool configuration, the understanding of potential SL slots should be aligned between InC UE and Ooc UE. In other words, the potential SL slots used by InC UE and OoC UE to map the bitmap sequence should be aligned in order to avoid misunderstanding of sidelink resource pool. Moreover, it should be clarified in the WA that the slots are effectively the slots in SL BWP measured by the SCS of SL BWP. Further elaborations are in [3][4]. 
[bookmark: _Toc19345]The understanding of potential SL slots should be aligned between InC UE and Ooc UE. 
[bookmark: _Toc26062]WA should be confirmed with the following note
[bookmark: _Toc24473](Working assumption) slots in SL BWP 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
[bookmark: _Toc21732]X is sl-LengthSymbols
[bookmark: _Toc22639]Y is sl-StartSymbol
[bookmark: _Toc16697]Note: The UL slot(s) derived by out of coverage UE from PSBCH should be aligned with that derived by in coverage UE from TDD-UL-DL-ConfigCommon
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”. 
In general, the remaining RBs 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 multiple resource pools and no “remaining RBs” is wasted.
Furthermore, according to the discussion in last meeting, in order to provide configuration flexibility, remaining RBs seem to be allowed for sidelink frequency resource allocation, Then, what needs to be determined further is how to define the remaining RBs within a sub-channel and whether it can be used by Rel-16 UE.
On one hand, considering that the sub-channel is used as basic unit of sidelink frequency resource, it is better to treat the remaining RBs as a special sub-channel alone, i.e. a dedicated sub-channel with the last sub-channel index. Based on that, other sub-channels can keep the same sub-channel size and no influence on sidelink resource indication.
On the other hand, the special sub-channel which contains remaining RBs has less number of RBs than sub-channel size, if it is used by Rel-16 UE along with normal sub-channels, more standard complexity and modification are needed in aspects such as TB size calculation, etc. Therefore, we propose not to use the remaining RBs in Rel-16 sidelink communication and leave it for future version enhancement. 
[bookmark: _Toc2298][bookmark: _Toc4996]The sub-channel consisting of remaining RBs should not be used by Rel-16 UE.
TBS determination for PSSCH
According to the agreement of [100b-e-NR-5G_V2X_NRSL-PHYstructure-01], the further details of TBS determination are presented below.
PSSCH symbols
According to the agreement, an indicator of PSFCH symbol used for TBS determining should be indicated in SCI. 
In detail, the scheme can be presented as following:
- For a resource pool without PSFCH configuration:


[bookmark: _Toc30973][bookmark: _Toc473]No indicator of PSFCH symbols used in TBS determination of PSSCH is needed for the resource pool without PSFCH resource.
- For a resource pool with PSFCH:
-  slot without PSFCH：


-  slot with PSFCH：


Where, 1 bit should be added in the 1st SCI to indicate whether PSFCH symbols are calculated in TBS determining. 
[bookmark: _Toc26002][bookmark: _Toc17612][bookmark: _Toc9644]Use 1 bit in SCI format 1-A to indicate whether PSFCH symbols are used in TBS determination of PSSCH for the case that PSFCH resources are configured in the resource pool.
DMRS symbols

According to the agreement, the reference number of REs of DMRS  is the average number of DMRS REs among (pre-)configured patterns：


Where,  
- 6 REs per RB as type 1 DMRS is used for SL

-  refers to average number of symbols of DMRS among the (pre-)configured patterns of the resource pool 
TBS determining
Based on the analysis above, we propose to use the following procedure to determine TB size of PSSCH:
[bookmark: _Toc2584][bookmark: _Toc13986][bookmark: _Toc21103]The TB size of PSSCH should be determined as following:



[bookmark: _Toc14798][bookmark: _Toc31487]for the resource pool without PSFCH,  


[bookmark: _Toc23762][bookmark: _Toc24624]for the resource pool with PSFCH,  or  , determined according to the indicator in SCI format 1-A


,  is the average number of symbols of DMRS among the (pre-)configured patterns of the resource pool

, where,

, the number of REs used for PSCCH, which is determined according to the configuration of PSCCH in the resource pool


, the number of REs used for the 2nd SCI, i.e.
2nd SCI related
The format indication of 2nd SCI 
According to the agreements of sidelink feedback procedure, two formats of the 2nd SCI are defined as following: 
-- SCI format 2-A used for no HARQ feedback, or HARQ-ACK information includes ACK or NACK
-- SCI format 2-B with Zone ID and Communication range requirement fields used for HARQ-ACK information includes only NACK

Table 2  SCI format 2-A
	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


Table 3  SCI format 2-B
	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


As SCI format 2-A is used for several cases, an indicator of HARQ feedback type 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 [5].
-- 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: _Toc28340]To add 2 bits for indicator of HARQ feedback type in SCI format 2-A to indicate HARQ feedback enable/disable and feedback type.
[bookmark: _Toc18371]In TS38.212 section 8.4.1.1, the SCI format 2-A should contain:
[bookmark: _Toc6352]HARQ feedback indicator - 2 bits
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: _Toc2163][bookmark: _Toc17602]In TS38.212 section 8.4.1.1, the SCI format 2-A/2-B should contain:
[bookmark: _Toc27352]HARQ process ID -  [x] 4 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: _Toc25258]In TS38.212 section 8.3.1.1, the SCI format 1-A should contain:
[bookmark: _Toc17765]Indication of 2nd-stage SCI format – [x] 2 bits 
Number of REs used for 2nd SCI


According to the agreement, the actual number of REs occupied by the 2nd SCI, i.e. , is used in TBS determining. The current description of  calculation in [6] is as following:




Where,  is related to TBS. Therefore, it causes chicken-and-egg problem. In order to detach it from TBS determining, the calculation of  can be modified by using the following formula:


Where,



 and  refer to the modulation order and coding rate of PSSCH which can be determined according to MCS indicator in the 1st SCI,  refers to the number of transmission layer of PSSCH.

Besides, the calculating of  needs to be clarified: 


Where,

 is the number of REs used for CSI-RS on symbol l.
On sidelink, the CSI-RS transmission is described as [7]:
	[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: _Toc4616][bookmark: _Toc27647][bookmark: _Toc5036][bookmark: _Toc4472][bookmark: _Toc26795][bookmark: _Toc2325]In TS 38.212 section 8.4.4, we propose to consider the modification as following:
[bookmark: _Toc27468][bookmark: _Toc23315][bookmark: _Toc11316][bookmark: _Toc8758]The number of REs occupied by the 2nd SCI is:




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: _Toc17544]Fixed value should be defined as the initial value of PSCCH scrambling, eg, 1010.
[bookmark: _Toc5899][bookmark: _Toc27021]Using CRC of 1st SCI as the initial value for 2nd SCI scrambling.
[bookmark: _Toc16947][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: _Toc13909]PT-RS and CSI-RS are not mapped on PSCCH resource.
[bookmark: _Toc8223]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: _Toc3810]Using 3 frequency OCC for PSCCH DMRS. 
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: _Toc552]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: Use 10240 ms as resource pool bitmap period.
Proposal 2: The length of the bitmap for resource pool allocation is (pre-)configured per resource pool, available values are [512, 256, 128, 64,32,16,8].
Proposal 3: With the bitmap length value range [512, 256, 128, 64,32,16,8], reserved slot is not needed in NR SL resource pool allocation.
Proposal 4: The understanding of potential SL slots should be aligned between InC UE and Ooc UE.
Proposal 5: WA should be confirmed with the following note
• (Working assumption) slots in SL BWP 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
• Note: The UL slot(s) derived by out of coverage UE from PSBCH should be aligned with that derived by in coverage UE from TDD-UL-DL-ConfigCommon
Proposal 6: The sub-channel consisting of remaining RBs should Not be used by Rel-16 UE.
Proposal 7: No indicator of PSFCH symbols used in TBS determination of PSSCH is needed for the resource pool without PSFCH resource.
Proposal 8: Use 1 bit in SCI format 1-A to indicate whether PSFCH symbols are used in TBS determination of PSSCH for the case that PSFCH resources are configured in the resource pool.
Proposal 9: The TB size of PSSCH should be determined as following:

• 

- for the resource pool without PSFCH, 


- for the resource pool with PSFCH,  or  , determined according to the indicator in SCI format 1-A


- ,  is the average number of symbols of DMRS among the (pre-)configured patterns of the resource pool

• , where,

- , the number of REs used for PSCCH, which is determined according to the configuration of PSCCH in the resource pool


- , the number of REs used for the 2nd SCI, i.e.
Proposal 10: To add 2 bits for indicator of HARQ feedback type in SCI format 2-A to indicate HARQ feedback enable/disable and feedback type.
Proposal 11: In TS38.212 section 8.4.1.1, the SCI format 2-A should contain:
• HARQ feedback indicator - 2 bits
Proposal 12: In TS38.212 section 8.4.1.1, the SCI format 2-A/2-B should contain:
• HARQ process ID -  [x] 4 bits
Proposal 13: In TS38.212 section 8.3.1.1, the SCI format 1-A should contain:
• Indication of 2nd-stage SCI format – [x] 2 bits
Proposal 14: In TS 38.212 section 8.4.4, we propose to consider the modification as following:
• The number of REs occupied by the 2nd SCI is:

- 

- 
Proposal 15: Fixed value should be defined as the initial value of PSCCH scrambling, eg, 1010.
Proposal 16: Using CRC of 1st SCI as the initial value for 2nd SCI scrambling.
Proposal 17: Using CRC of 1st SCI as the initial value for PSSCH scrambling.
Proposal 18: PT-RS and CSI-RS are not mapped on PSCCH resource.
Proposal 19: On the REs configured for 2nd SCI in PSSCH resource, PT-RS and CSI-RS are not transmitted.
Proposal 20: Using 3 frequency OCC for PSCCH DMRS.
Proposal 21: No additional DMRS pattern is needed for ECP.
[bookmark: _GoBack]
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