[bookmark: _GoBack]3GPP TSG RAN WG1 #100bis-e	R1- 2002232
e-Meeting, April 20th – 30th, 2020

Agenda Item:	7.2.4.1
Source:	Ericsson
Title:	Physical layer structure for NR sidelink
Document for:	Discussion, Decision

1	Introduction
This paper addresses remaining issues for physical layer structure of NR SL Rel-16.
[bookmark: _Ref178064866]2	Initialization of scrambling sequence generator 
This section completes the missing details of initialization of the scrambling sequence generators for different physical channels.
2.1	Scrambling of PSCCH
Since the PSCCH should be blindly decoded by all UEs in the pool, it is straightforward to fix the c_init for the scrambling sequence generator to a constant, like in LTE V2X. We propose to use a value larger than the maximum number of NR cells (which is 1008) for this constant, e.g., c_init=1010.
[bookmark: _Toc24151457][bookmark: _Toc37441461]Use the value = 1010 to initialize the scrambling sequence generator for PSCCH.
2.2	Scrambling of the 2nd-stage SCI and PSSCH
	Agreements in RAN1 #98bis:
The 2nd stage SCI is carried within the resource of the corresponding PSSCH.
Scrambling operation for the 2nd stage SCI is applied separately with PSSCH.



In TS 38.211, the block of bits of each codeword q, q = 0,1, of the PDSCH is scrambled by a scrambler which is initialized as follows:
	The scrambling sequence generator shall be initialized with

where

-	 equals the higher-layer parameter dataScramblingIdentityPDSCH if configured and the RNTI equals the C-RNTI, MCS-C-RNTI, or CS-RNTI, and the transmission is not scheduled using DCI format 1_0 in a common search space,
-	 otherwise
and where [image: ] corresponds to the RNTI associated with the PDSCH transmission as described in clause 5.1 of [6, TS 38.214].



In our view it is simplest to reuse the above procedure for the 2nd-stage SCI as well as the PSSCH. However, some modifications need to be made for it to work in the SL, as follows:
·  needs to be replaced. In our view it is most straightforward to replace it by the CRC of the associated PSCCH.
·  can be set to a constant, e.g., 1010, as in Section 2.1.
· Finally, for simplicity, we propose that the same  is used for the 2nd-stage SCI and the PSSCH. 
[bookmark: _Toc24151488][bookmark: _Toc37441462]The same value  is used for initializing the scrambling sequence generator of the 2nd-stage SCI and the PSSCH.  with  equals the decimal representation of the associated PSCCH CRC.
3	Support of 256QAM and signalling of MCS tables
In RAN1 #98bis, the following agreements related to MCS tables and modulation order were made:
	Agreements:
· 256QAM is supported for SL.
· Support of 256QAM by a UE is FFS between mandatory vs. based on UE capability from the Rx perspective 
· Support of 256QAM is based on UE capability from the Tx perspective
· 64QAM is mandatory

Agreements:
· Three MCS tables supported in Rel-15 NR Uu CP-OFDM are also used for SL. 
· Support of the the low-spectral efficiency 64QAM MCS table is an optional UE feature in SL as in the Uu link
· For each resource pool, at least one MCS table is (pre)-configured
· FFS whether or not to introduce a case where the MCS table can be overwritten by PC5 RRC or indicated in SCI
· Each resource pool is only configured with one 1st stage SCI PSCCH format.



On the open issue of whether supporting 256QAM is mandatory from the Rx UE perspective, in our opinion it should be mandatory. This is to avoid any mismatch between the modulation order (or the MCS table) that is (pre)configured for a pool and Rx UE capability in that pool. 
[bookmark: _Toc24150726][bookmark: _Toc37441463]Support of 256 QAM is mandatory from Rx UE perspective.
Regarding the remaining FFS on the signalling of the MCS table(s), in our view the overwriting by PC5 RRC should not be allowed. The MCS table selected by the Tx UE is signalled in the second stage SCI.
[bookmark: _Toc24150727][bookmark: _Toc37441464]Do not support MCS table to be overwritten by PC5 RRC.
[bookmark: _Toc24150728][bookmark: _Toc37441465]The MCS table selected by the Tx UE is signaled in the 2nd-stage SCI. 

4	TBS determination for the shared channel
RAN1#100-e agreed on the following:
	Agreements in RAN1#100-e:
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 
· 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
· 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).


In summary, the following overheads must be considered in TBS determination:
· AGC symbol and GP symbol at the end of the slot (already agreed by RAN1)
· PSCCH overhead (already agreed by RAN1)
· The 2nd-stage SCI.
· The PSFCH (including its associated GP and AGC symbols). 
· The overhead of reference signals: DMRS, CSI-RS, PT-RS.
The main issue encountered in considering the above overheads is that the TBS must remain the same across the (re)transmissions of the same TB while the amount of each of the above overheads can vary across those (re)transmissions. 
We present our view on how to consider each of the above overheads in the sequel.
First, the overhead due to SCI2 can be relatively large compared to the size of the TBS, hence it must be excluded from the resources available for mapping the TBS. Note that this is different from the way TBS is determined in NR Uu, in which the TBS determination does not take into account resources used by the UCI (for the case of UCI on PUSCH). However, in order to calculate and exclude the resources used by SCI2 before calculating the TBS, the way the number of coded modulation symbols for SCI2 is determined must be different from that of UCI on PUSCH. We give the details in Section 5 below.
Second, PSFCH resources must also be taken into account in TBS determination. This is necessary because even though PSFCH resources may not exist in every SL slot, its overhead (3 OFDM symbols including the associated GP and AGC symbols) can be relatively very large when it does exist. One easy way to account for PSFCH is to always exclude PSFCH resources even if in the end it turns out that there are no PSFCH resources in any transmissions of a TB. This is clearly suboptimal in terms of resource utilization. Another extreme would be always ignoring PSFCH, i.e., do not exclude PSFCH resources in TBS determination even if PSFCH resources do exist in some transmissions of the TB. This option is also very suboptimal since it could lead to a too high code rate for the TB. In our view, the most viable option would be to include or exclude PSFCH resources based on whether these resources exist in the slot in which the initial transmission of a TB happens. To avoid problems when the Rx UE misses the initial transmission of the TB, a flag in SCI1 can be used to inform the Rx UE of whether the inclusion or the exclusion of PSFCH resources (from the set of resources available for the shared channel) was performed. 
Third, in our view the overhead due to DMRS, CSI-RS, and PTRS can be taken care of by a (pre)configured overhead N_oh. The N_oh should be per RE. 
[bookmark: _Toc37441466]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:
· [bookmark: _Toc37441467]AGC symbol and GP symbol in the end of slot are excluded [already agreed by RAN1]
· [bookmark: _Toc37441468]The exact number of REs for PSCCH (including PSCCH DMRS) is excluded [already agreed by RAN1]
· [bookmark: _Toc37441469]The number of REs for the 2nd-stage SCI is excluded 
· [bookmark: _Toc37441470]The number of PSFCH symbols (0 or 3) as it counts in the initial transmission of the TB is excluded and a flag is introduced in SCI1 to indicate this number 
· [bookmark: _Toc37441471]N_oh (per RE) configured per pool to account for DMRS, CSI-RS and PT-RS resources.

5 	Determination of the number of coded modulation symbols for the 2nd-stage SCI
	[bookmark: _Hlk28872878][bookmark: _Hlk26428811]Agreement: (from [99-NR-08])
· For determination of the number of coded bits, the determination of coded modulation symbols of HARQ-ACK with UL-SCH in Rel-15 NR is a baseline.
· (Working assumption) The number of coded modulation symbols per layer for 2nd SCI is determined as follows. 
· 
·  is the number of the 2nd SCI bits 
·  is the number of CRC bits for 2nd SCI, which is 24 bits.
· LSCI2 value is FFS to be resolved at RAN1 anniversary meeting, i.e. RAN1#100  
·  is indicated by the corresponding 1st SCI. 
·  is (pre-)configured per resource pool. 
·  is the number of allocated symbols for the PSSCH except AGC symbol. 
·  is the number of REs that can be used for transmission of the 2nd SCI. 
·  is determined to ensure that there is no remaining RE in the RB having the last coded symbol of the SCI 2 after mapping the SCI2.
·  is the r-th code block size for SL-SCH of the PSSCH transmission.
·  is the number of code blocks for SL-SCH of the PSSCH transmission.
· The first symbol that can be used for 2nd SCI mapping is the first PSSCH DMRS symbol. 
· Note: This symbol is not the symbol for AGC training. However, since the first SL symbol in a slot is a copy of the second SL symbol in the slot, the first SL symbol may have REs for the 2nd SCI.



For the FFS above we propose to use 24 bits is used for the CRC of stage-2 SCI.
[bookmark: _Toc24151489][bookmark: _Toc37441472]24 bits is used for the CRC of stage-2 SCI.
As discussed in Section 4 above, we see the need of changing the way the number of coded modulation symbols for SCI2 is determined (from that of UCI on PUSCH). This is because of the following:
· We would like to first calculate the number of REs used for SCI2 and then exclude these REs when determining the TBS. This differs from TBS determination in NR Uu where the TBS determination does not take into account UCI resources. 
· As a result, we cannot reuse the method of determining the number of coded modulation symbols of UCI on PUSCH for determining the number of coded modulation symbols for SCI2 because in that method an approximation of the TBS is used as an input (the term  in the formula cited above). 
In other words, there will be a circular dependency between determining the TBS and determining the number of coded modulation symbols for SCI2 if we reuse the same method for UCI on PUSCH as in the formula of  above. 
In our view, as proposed by some other companies in the last meeting, this dependency can be broken by simply using the target code rate R of the shared channel in the formula, namely
· [bookmark: _Hlk37177402]The number of coded modulation symbols per layer for 2nd SCI is determined as follows. 
· 
where R represents the target code rate of the shared channel. Factor 2 in the denominator accounts for the modulation order of SCI2 (namely QPSK), and  is the number of transmission layers (this factor is needed because SCI2 is replicated over the layers). R is signaled by the MCS field in the 1st-stage SCI and  is signaled in the 1st-stage SCI. 
[bookmark: _Toc37441473]The number of coded modulation symbols per layer for 2nd SCI is determined as follows. 

[bookmark: _Toc37441475]where R is the target code rate of the shared channel, is the number of transmission layers.

6	OCC design for PSCCH DMRS
	[bookmark: _Hlk28872789]Agreement: (from [99-NR-07])
· NR PDCCH DMRS sequence is the baseline for PSCCH DMRS sequence at least with the following modification. 
· n_ID is determined by a (pre-)configured value per resource pool 
· Frequency-domain OCC is applied, one of the [2 or 3 or 4] OCCs is randomly selected by the Tx UE.
· Note: there is no (pre-)configuration on the number of OCCs.



In LTE V2X 4 cyclic shifts can be applied to a base sequence to obtain 4 orthogonal PSCCH DMRS sequences. This was instrumental in achieving good system performance. In our view, NR V2X should have at least the same performance as LTE V2X in this regard. Therefore, we propose to use 4 OCCs. 
[bookmark: _Toc37441476]Frequency-domain OCC is applied, one of the 4 OCCs is randomly selected by the Tx UE.
7		Remaining details of time and frequency resource indication in 1st SCI
RAN1#99 made the following agreements on the content of the 1st-stage SCI:
	Agreements:
In the 1st stage SCI, there are [2] reserved bits (for future compability) where a Rel-16 Tx UE shall set the bits to all zeros while a Rel-16 Rx UE does not make any assumption about these bits
· To down-select:
· Alt 1: Some additional explicit bits (e.g., [2-4] bits) in the 1st stage SCI to indicate part of L1 destination ID while the remaining is indicated in the 2nd stage SCI
· This implies that the 16-bit destination ID is not carried in the 1st stage SCI
· FFS the additional explicit bits can be further (pre)-configured
· Alt 2: all 16-bit L1 destination ID is indicated by 2nd stage SCI
· FFS whether or not the number of reserved bits can be further (pre)-configured
Agreements:
· 1st SCI includes at least 
· Priority (QoS value), 
· PSSCH resource assignment (frequency/time resource for PSSCH), 
· Resource reservation period (if enabled), 
· PSSCH DMRS pattern (if more than one patterns are (pre-)configured), 
· 2nd SCI format (e.g. information on the size of 2nd SCI), 
· [2]-bit information on amount of resources for 2nd SCI (e.g. beta offset or aggregation level) 
· Number of PSSCH DMRS port(s) 
· 5-bit MCS
· FFS on some part of destination ID
Agreement: (from [99-NR-06])
· For Rel-16 NR sidelink, only wideband precoding is assumed for PSSCH transmission. 
· Note: This implies that PRG size equal to scheduled PSSCH BW is assumed in Rel-16.
· TX UE behavior for wideband precoding cycling is not specified
· The number of reserved bits in the 1st stage SCI is configurable 
· [2-4] bits



Thus, a remaining detail to be resolved is the signalling of time and frequency resources for the 2nd-stage SCI.
When it comes to the code rates of the 2nd-stage SCI, we think that providing the flexibility of 2 different target code rates (which for a given payload size translate into varying resource allocation) is enough for Rel-16. Additionally, two code rates could be reserved for future use. This will result in the need of 2 bits in the 1st stage SCI. 
[bookmark: _Toc24150712][bookmark: _Toc37441477]Support four different target code rates for 2nd-stage SCI which is indicated using 2 bits in SCI1 as beta offset.
Furthermore, to allow for a future proof design, 2 bits can be used in the 1st stage SCI to indicate different payload sizes of the 2nd-stage SCI. For Rel-16, we propose specifying two different payload sizes; one size for the case where the communication range requirement and location information is available, and the other size otherwise. Additional sizes can be specified in future releases. 
[bookmark: _Toc21372552][bookmark: _Toc24150713][bookmark: _Toc37441478]Support multiple formats/sizes of the 2nd stage SCI, with two formats specified in Rel-16: one format contains communication range requirement and location information and the other format does not contain such information.
Given the above analysis, we propose using 2 bits in the 1st-stage SCI for signalling resources for the 2nd-stage SCI, and 4 bits reserved for future use.
[bookmark: _Toc37441479]Rel-16 1st-SCI includes the following:
· [bookmark: _Toc37441480]3-bit information on amount of resources for the 2nd-stage SCI. 
· [bookmark: _Toc37441481]1-bit reserved for future SCI2 formats.
8	Details of 2nd-stage SCI format(s)
Based on the agreements so far in RAN1 and the discussion on SCI formats in the preceding section, we summarize the two SCI formats for the 2nd-stage SCI in Rel-16 in Table 1 below.
[bookmark: _Ref23931213]Table 1: Content of the two formats of the 2nd-stage SCI
	SCI fields
	Broad-cast 
	Group-cast
	Uni-
cast        
	Format 1
	Format 2
	Size

	Transport block related information
	MCS table indicator
	X
	X
	X
	X
	X
	2 bits

	
	New data indicator 
	X
	X
	X
	X
	X
	1 bit

	
	Redundancy version 
	X
	X
	X
	X
	X
	2 bits

	HARQ-related information
	Process number 
	X
	X
	X
	X
	X
	4 bits

	
	Presence of HARQ feedback 
	
	X
	X
	X
	X
	1 bit

	
	Groupcast FB Option 1 or Option 2
	
	X
	
	X
	X
	1 bit

	
	Zone ID
	
	Option 1 only
	
	X
	
	Up to RAN2

	
	Communication range requirement
	
	Option 1 only
	
	X
	
	4 bits

	CSI-related information
	CSI-RS indication (implicitly CSI report request)
	
	
	X
	X
	X
	1 bit

	Layer-1 IDs
	Source ID 
	X
	X
	X
	X
	X
	8 bits

	
	Destination ID  
	X
	X
	X
	X
	X
	16 bits


 
[bookmark: _Toc37441482]Use 2 formats for the 2nd-stage SCI as specified in Table 1.

9	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Use the value = 1010 to initialize the scrambling sequence generator for PSCCH.
Proposal 2	The same value  is used for initializing the scrambling sequence generator of the 2nd-stage SCI and the PSSCH.  with  equals the decimal representation of the associated PSCCH CRC.
Proposal 3	Support of 256 QAM is mandatory from Rx UE perspective.
Proposal 4	Do not support MCS table to be overwritten by PC5 RRC.
Proposal 5	The MCS table selected by the Tx UE is signaled in the 2nd-stage SCI.
Proposal 6	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:
	AGC symbol and GP symbol in the end of slot are excluded [already agreed by RAN1]
	The exact number of REs for PSCCH (including PSCCH DMRS) is excluded [already agreed by RAN1]
	The number of REs for the 2nd-stage SCI is excluded
	The number of PSFCH symbols (0 or 3) as it counts in the initial transmission of the TB is excluded and a flag is introduced in SCI1 to indicate this number
	N_oh (per RE) configured per pool to account for DMRS, CSI-RS and PT-RS resources.
Proposal 7	24 bits is used for the CRC of stage-2 SCI.
Proposal 8	The number of coded modulation symbols per layer for 2nd SCI is determined as follows.

where R is the target code rate of the shared channel, is the number of transmission layers.
Proposal 9	Frequency-domain OCC is applied, one of the 4 OCCs is randomly selected by the Tx UE.
Proposal 10	Support four different target code rates for 2nd-stage SCI which is indicated using 2 bits in SCI1 as beta offset.
Proposal 11	Support multiple formats/sizes of the 2nd stage SCI, with two formats specified in Rel-16: one format contains communication range requirement and location information and the other format does not contain such information.
Proposal 12	Rel-16 1st-SCI includes the following:
	3-bit information on amount of resources for the 2nd-stage SCI.
	1-bit reserved for future SCI2 formats.
Proposal 13	Use 2 formats for the 2nd-stage SCI as specified in Table 1.
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