[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting #101-e	R1-2004326
e-Meeting, May 25th – June 5th, 2020

[bookmark: _Ref133120545]Source:	Sharp
Title:	Remaining issues on physical layer structure for NR sidelink
Agenda Item:	7.2.4.1
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In this document, we share our views on a few remaining issues on physical layer structure for NR sidelink.
Discussion
[bookmark: _Ref31691468]Symbol for PSFCH format 0 in a slot
So far there has not been any explicit RAN1 agreements on the (single) OFDM symbol used for PSFCH format 0, and accordingly this aspect is not yet specified in physical layer specifications (sub clause 8.3.4.2.1 of TS 38.211 refers to TS 38.213 for “the starting symbol of PSFCH”, but there is no text relating to where the PSFCH symbol is located within a slot in TS 38.213, yet). RAN1 agreements related to the OFDM symbol for PSFCH format 0 can be summarized as follows,
	Agreement:
· At least for sidelink HARQ feedback, NR sidelink supports at least a PSFCH format which uses last symbol(s) available for sidelink in a slot.
Agreements:
· One symbol is used for gap right after PSSCH transmission.
· One symbol is used for gap right after PSFCH transmission.
· FFS more gap symbols are defined in order to handle timing advance for shared carrier for Uu operation.
· FFS whether to additionally support:
· For 15/30 kHz SCS, 
· Half symbol is used for gap right after PSSCH transmission.
· Half symbol is used for gap right after PSFCH transmission.
Agreements:
· Repetition of PSFCH format 0 (one-symbol PSFCH format agreed in RAN1#97) to two consecutive symbols is used.
· This implies that, two consecutive symbols are always used for transmission of PSFCH format 0. 
· Note: The first symbol can be used for AGC training.


In our understanding, the most straightforward interpretation of the PSFCH location within a slot is that it occupies the last SL symbol (denoted as  in this document) in a slot. However, in case the last SL symbol in a slot is the last symbol of the slot (e.g. when ), such an interpretation cannot ensure a gap symbol immediately following the PSFCH symbol within the slot (see the above yellow highlighted RAN1 agreement). Therefore, in case symbol  is the last symbol in a slot, the symbol for PSFCH format 0 should be e.g. symbol .
Proposal 1: Specify the symbol used for PSFCH format 0 in TS 38.213 as
· Symbol  if symbol  is the last symbol in a slot.
· Symbol  otherwise.
Where symbol  is the last SL symbol in a slot.
A TP is provided below for sub-clause 16.3 in TS 38.213.
	< Unchanged parts are omitted >
16.3	UE procedure for reporting HARQ-ACK on sidelink 
A UE can be indicated by an SCI format scheduling a PSSCH reception, in one or more sub-channels from a number of  sub-channels, to transmit a PSFCH with HARQ-ACK information in response to the PSSCH reception. The UE provides HARQ-ACK information that includes ACK or NACK, or only NACK.
For PSFCH format 0, and a last symbol  available for SL transmission in a slot, the symbol used for PSFCH transmission is symbol  if symbol  is the last symbol in the slot, and is symbol  otherwise.
[bookmark: _GoBack]A UE can be provided, by periodPSFCHresource, a number of slots in a resource pool for a period of PSFCH transmission occasion resources. If the number is zero, PSFCH transmissions from the UE in the resource pool are disabled.  
< Unchanged parts are omitted >



Symbols for PSSCH in a slot
Similarly to PSFCH, so far there has not been any explicit RAN1 agreements on determination of the number of symbols used for a PSSCH transmission. In TS 38.214 the symbols for PSSCH is specified as being determined by excluding some symbols from the configured SL symbols of a slot, as follows,
	8.1.2.1	Resource allocation in time domain
The UE shall transmit the PSSCH in the same slot as the associated PSCCH.
The minimum resource allocation unit in the time domain is a slot.
The UE shall transmit the PSSCH in consecutive symbols within the slot, subject to the following restrictions:
-	The UE shall not transmit PSSCH in symbols which are not configured for sidelink. A symbol is configured for sidelink, according to higher layer parameters startSLsymbols and lengthSLsymbols, where startSLsymbols is the symbol index of the first symbol of lengthSLsymbols consecutive symbols configured for sidelink.
-	Within the slot, PSSCH resource allocation starts at symbol startSLsymbols+1.
-	The UE shall not transmit PSSCH in symbols which are configured for use by PSFCH, if PSFCH is configured in this slot.
-	The UE shall not transmit PSSCH in the last symbol configured for sidelink.
-	The UE shall not transmit PSSCH in the symbol immediately preceding the symbols which are configured for use by PSFCH, if PSFCH is configured in this slot.


For exclusion of “last symbol configured for sidelink” (first yellow-highlight), this is in general aligned with RAN1 agreements. However, there will be a loss of one SL symbol in case PSFCH is not configured in the slot and the last SL symbol is not the last symbol of the slot, see an illustration in Figure 1, where, with the use of symbol 13 as the GAP symbol after PSSCH, there is no reason not to use symbol 12 (as well as symbols 6 to 11) for PSSCH transmission.
 [image: ]
[bookmark: _Ref37252419]Figure 1: SL symbols 6 to 12 should be available for PSSCH transmission but symbol 12 is currently wasted according to TS 38.214
For exclusion of “the symbol immediately preceding the symbols which are configured for use by PSFCH”, this is correctly specified in TS 38.214 for the AGC symbol for PSFCH. However, in case PSFCH is configured in the slot, one additional symbol should be excluded: the GAP symbol right after PSSCH, which is immediately preceding the AGC symbol for PSFCH. See an illustration in Figure 2 where symbol 10, which is intended to serve as GAP symbol after PSSCH, should also be excluded for PSSCH transmission.
 [image: ]
[bookmark: _Ref37253300]Figure 2: GAP symbol after PSSCH should be excluded for PSSCH transmission
Proposal 2: Regarding symbols for PSSCH in a slot,
· The last SL symbol is not excluded if no PSFCH is configured in the slot and the last SL symbol is not the last symbol in the slot.
· Two consecutive symbols immediately preceding the symbol for PSFCH are excluded, if PSFCH is configured in the slot
A TP is also provided below for sub-clause 8.1.2.1 of TS 38.214.
	< Unchanged parts are omitted >
8.1.2.1	Resource allocation in time domain
The UE shall transmit the PSSCH in the same slot as the associated PSCCH.
The minimum resource allocation unit in the time domain is a slot.
The UE shall transmit the PSSCH in consecutive symbols within the slot, subject to the following restrictions:
-	The UE shall not transmit PSSCH in symbols which are not configured for sidelink. A symbol is configured for sidelink, according to higher layer parameters startSLsymbols and lengthSLsymbols, where startSLsymbols is the symbol index of the first symbol of lengthSLsymbols consecutive symbols configured for sidelink.
-	Within the slot, PSSCH resource allocation starts at symbol startSLsymbols+1.
-	The UE shall not transmit PSSCH in symbols which are configured for use by PSFCH, if PSFCH is configured in this slot.
-	The UE shall not transmit PSSCH in the last symbol configured for sidelink, if PSFCH is not configured in this slot and if the last symbol configured for sidelink is the last symbol in this slot.
-	The UE shall not transmit PSSCH in the two consecutive symbols immediately preceding the symbol(s) which are configured for use by PSFCH, if PSFCH is configured in this slot.
< Unchanged parts are omitted >



Scrambling sequence generator initialization for PSSCH
For scrambling sequence generator initialization, two options are foreseen as follows,
Opt1: Similar mechanism as in NR Uu PUSCH.
Opt2: Similar mechanism as in LTE V2X.
For Opt1, the scrambling sequence generator initialization for PUSCH is quoted as follows,
	6.3.1.1	Scrambling
[…]
The scrambling sequence generator shall be initialized with 

where

-	 equals the higher-layer parameter dataScramblingIdentityPUSCH if configured and the RNTI equals the C-RNTI, MCS-C-RNTI, SP-CSI-RNTI or CS-RNTI, and the transmission is not scheduled using DCI format 0_0 in a common search space;
[bookmark: _Hlk26377062][bookmark: _Hlk26377073]-	 equals the higher-layer parameter msgA-dataScramblingIdentity if configured and the PUSCH transmission is triggered by a Type-2 random access procedure as described in clause 8.1A of [5, TS 38.213];

-	 otherwise
-	 is the index of the random-access preamble transmitted for msgA as described in clause 5.1.3A of [11, TS 38.321]
and where [image: ] equals the RA-RNTI for msgA and otherwise corresponds to the RNTI associated with the PUSCH transmission as described in clause 6.1 of [6, TS 38.214] and clause 8.3 of [5, TS 38.213].
 […]


From our perspective, to keep the similar design for PSSCH, the initialization equation can be described as e.g. . To ensure  does not collide with  in NR Uu,  should be larger than or equal to 1024 and less than . For , a function of layer-1 source ID and destination ID can be considered. If a UE successfully decodes PSCCH/PSSCH transmitted from another UE, the UE would be able to get the layer-1 source ID and destination ID. Then, the UE is able to determine  accordingly and de-scramble the corresponding PSSCH.
For Opt2, the scrambling sequence generator initialization for PSSCH in LTE V2X is quoted as follows,
	9.3.1	Scrambling


The block of bits , where  is the number of bits transmitted on the physical sidelink shared channel in one subframe shall be scrambled according to clause 5.3.1.

The scrambling sequence generator shall be initialised with  at the start of every PSSCH subframe where

-	for sidelink transmission modes 1 and 2,  is destination identity obtained from the sidelink control channel, and



-	for sidelink transmission modes 3 and 4,  with  and  given by clause 5.1.1 in [3] equals the decimal representation of CRC on the PSCCH transmitted in the same subframe as the PSSCH.


The basic thought of scrambling initialization in LTE V2X is to adopt the decimal value of the CRC parity bits of PSCCH. For NR sidelink, similar idea can be easily reused for PSSCH scrambling initialization. If UE successfully decodes PSCCH which carries 1st stage SCI, the UE calculates the decimal value of the CRC parity bits and accordingly de-scramble the corresponding PSSCH.
Proposal 3: Consider one of the following for PSSCH scrambling sequence generator initialization for NR sidelink:
·  where  is a function of layer-1 source ID and destination ID and  is a value larger than or equal to 1024 and less than .
· 

Reuse the PSSCH scrambling sequence generator initialization for LTE V2X, i.e.  where .
1.1. DMRS pattern for PSSCH
RAN1 agreements related to DMRS pattern for PSSCH can be summarized as follows,
	RAN1 NR Adhoc 1901 agreements:
· Multiple DMRS patterns in time domain are supported for PSSCH
· FFS: Whether a DMRS pattern is selected based on the subcarrier spacing
· FFS: Single or multiple DMRS pattern(s) per a resource pool
· FFS: How TX UE and RX UE can be aligned in terms of the DMRS pattern used for PSSCH
· FFS: RE mapping, sequence generation
· Continue to study DMRS pattern in frequency domain for PSSCH
· E.g. Whether multiple patterns are supported, whether PDSCH/PUSCH DMRS configuration 1 or 2 is reused.
RAN1#97 working assumption:
· Rel-15 PDSCH DMRS Configuration type 1 and/or type 2 are reused for frequency-domain pattern of PSSCH DMRS.
· FFS whether to support either one or both types
· FFS details on multiplexing of different ports for PSSCH DMRS
RAN1#98 agreements:
· (Pre-)configuration of one or more PSSCH DMRS pattern(s) in time domain per a resource pool is supported.
· Exact DMRS pattern is indicated by SCI
· FFS details, including whether or not to have the indication bit in case of one (pre)configured DMRS pattern
· For Mode 2, DMRS pattern is chosen by the transmitter UE from the (pre)configured patterns for the resource pool.
· FFS: case for Mode 1
· FFS: whether/how to use restrictions for choice of DMRS pattern 
· FFS on details on time-domain pattern
· FFS the number of possible DMRS patterns
· Note: it is not intended to specify DM-RS based resource pool selection 
RAN1#99 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


In the latest version of RRC parameter list ([2]), it is clarified that the set of PSSCH DMRS time domain patterns is configured “in terms of PSSCH DMRS symbols in a slot”, and that the set can be configured as one of {2}, {3}, {4}, {2, 3}, {2, 4}, {3, 4}, and {2, 3, 4}.
As also indicated in [2], it remains FFS “whether the set is common or different in slots with PSFCH and slots without PSFCH”. Looking at Table 8.4.1.1.2-1 (reproduced as Table 1 in the present document), the set of PSSCH DMRS patterns varies as the PSSCH duration (i.e. ) changes. For example, if SL symbols configured for the SL BWP is {0, 1, …, 13} and PSFCH is configured for the resource pool, as illustrated in Figure 3:
· For slots without PSFCH, , and the set of PSSCH DMRS patterns can be one of: {2}, {3}, {4}, {2, 3}, {2, 4}, {3, 4}, {2, 3, 4}.
· For slots with PSFCH, , and the set of PSSCH DMRS patterns can be one of {2}, {3}, {2, 3}.
[image: ]
[bookmark: _Ref35612306]Figure 3: slots without PSFCH vs. slots with PSFCH
Suppose the higher layer parameter sl-PSSCH-DMRS-TimePattern-r16 is configured as {3, 4} which is then used as the set of DMRS patterns for slots without PSFCH, it is ambiguous what the corresponding set of DMRS patterns for slots with PSFCH is (“4” is not applicable for slots with PSFCH).
As another example, in case  for slots without PSFCH, and the higher layer parameter sl-PSSCH-DMRS-TimePattern-r16 is configured as {3, 4}, it is even more confusing as neither DMRS pattern “3” nor DMRS pattern “4” is valid for slots with PSFCH (i.e.  in this case).
To resolve the above problem we propose that in case PSFCH is configured, the set () of values for the higher layer parameter sl-PSSCH-DMRS-TimePattern-r16 is configured for the case without PSFCH in a slot, and the set of values for the case with PSFCH in a slot is derived from the set .
Proposal 4: In case PSFCH is configured for a resource pool, the set of values configured by higher layer parameter sl-PSSCH-DMRS-TimePattern-r16 is for slots without PSFCH, and the set of values for slots with PSFCH is derived from the set of values for slots without PSFCH.
Table 1: PSSCH DM-RS time-domain location (Table 8.4.1.1.2-1 in TS 38.211).
	  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



Resource pool configuration
In RAN1#100bis-e, resource pool configuration was discussed in the following two email threads, neither with any consensus.
· [100b-e-NR-5G_V2X_NRSL-PHYstructure-02] on subchannel size and resource pool size, and 
· [100b-e-NR-5G_V2X_NRSL-PHYstructure-03] on periodicity of resource pool bitmap, length of the bitmap, excluded slots, reserved slots.
Subchannel size and resource pool size
The latest FL proposal is as follows:
	· Any number of PRBs can be configured for the size of a resource pool in Rel-16.
· Replace the RRC parameter numSubchannel for the number of subchannel by the RRC parameter for the total number of PRBs of the resource pool
· The number of subchannels is calculated by ceiling(total number of PRBs / subchannel size)
· If the total number of PRBs in a given subchannel is not an integer multiple of the subchannel size: 
· Alt 1. A Rel-16 UE does not Tx/Rx in the given subchannel
· Alt 2. A Rel-16 UE does Tx/Rx in the given subchannel


In our view it is crucial for NR V2X to be able to utilize the full spectrum allocated by regulators. The first bullet of the FL proposal is just a first step to realize this, and if “Alt 1” above is taken as an agreement, the goal of fully using the allocated spectrum is still not achieved. If this issue is ignored (i.e. as in Alt 1) in Rel-16, even if it is mandatorily supported in Rel-17 UEs, the remaining PRBs can only be used for unicast transmission, as for broadcast and groupcast transmissions the TX UE (e.g. a Rel-17 UE) has no idea whether all RX UEs are capable of receiving on those PRBs. Hence we propose to take Alt 2 and agree the FL proposal.
Proposal 5: Regarding subchannel size and resource pool size,
· Any number of PRBs can be configured for the size of a resource pool in Rel-16.
· Replace the RRC parameter numSubchannel for the number of subchannel by the RRC parameter for the total number of PRBs of the resource pool
· The number of subchannels is calculated by ceiling(total number of PRBs / subchannel size)
· If the total number of PRBs in a given subchannel is not an integer multiple of the subchannel size: 
· Alt 2. A Rel-16 UE does Tx/Rx in the given subchannel
Periodicity and length of bitmap, excluded slots, reserved slots
The latest FL proposal is as follows:
	Proposal 1 (on Apr.29th)
-For the periodicity of resource pool bitmap, 10240 ms is used.
- note: The UL slot(s) derived by out of coverage UE from PSBCH or preconfiguration should be aligned with that derived by in coverage UE from TDD-UL-DL-ConfigCommon
Proposal 2
- The possible values for the bitmap length for the slots of resource pool configuration are 1,2,3,…, 10,11,12, …, 160.
-   FFS: other values
Proposal 3 (NOT consensus)
- Confirm the following WA made in RAN1#100-e with the note
(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`
-  note: The UL slot(s) derived by out of coverage UE from PSBCH or preconfiguration should be aligned with that derived by in coverage UE from TDD-UL-DL-ConfigCommon.
Proposal 4
-Confirm the following WA made in RAN1#100-e
(Working assumption) reserved slots which are determined by the similar steps in Subclause 14.1.5 of TS36.213


In general it is unclear how the added note was intended to impact upon the specs (although by definition a note is just used to explain the proposal, and should not contain anything in addition to the proposal). In our understanding the note seems to at least impose a very strong restriction on the NR Uu cell configuration where each and every TDD cell supporting NR SL has to be configured with a same TDD-UL-DL-ConfigCommon (which is aligned with the one pre-configured in the UE), which is highly impractical in real deployment.
We believe the correct UE behaviours should be that 
· For an in-coverage UE A, TDD configuration in TDD-UL-DL-ConfigCommon is first converted to a “PSBCH contents compatible format” (i.e. number of patterns/periodicity information/UL slots) and the latter is then used for deriving the set of slots for a resource pool. As discussed in the “Synchronization” agenda item, during the conversion there may be some loss of precision (e.g. some slots containing UL symbols are not taken into account).
· If UE A transmits S-SSB, as agreed in the “Synchronization” agenda item, the “PSBCH contents compatible format” is transmitted.
· For an out-of-coverage UE B, if it takes UE A as a SyncRefUE, it of course uses the “PSBCH contents compatible format” that it acquires from the received S-SSB.
· If UE B has no SyncRefUE and has to transmit S-SSB by itself, it reads the pre-configured TDD configuration in “PSBCH contents compatible format”.
In all of the above cases the TDD configuration (for the purpose of deriving the set of slots for a resource pool) is aligned among all UEs which may communicate with each other on the sidelink, and there is no such a requirement that TDD configuration derived from the following should be “aligned”: (1). PSBCH; (2). Pre-configuration; (3). TDD-UL-DL-ConfigCommon. In light of this, the note in proposal 1 and proposal 3 should be removed, and proposal 3 should be re-worded before confirmation.
Regarding L_bitmap, in LTE V2X a fixed value is used for each TDD UL/DL configuration, and the value is equal to an integer (10) multiple of the number of UL subframes within a radio frame in the corresponding TDD UL/DL configuration. See text taken from TS 36.331 in the following table. For example, for TDD UL/DL configuration#0, there are 6 subframes within a radio frame, and L_bitmap is correspondingly 10x5=50.
	[section 6.3.8, TS 36.331]
SubframeBitmapSL-r14 ::=		CHOICE {
	bs10-r14								BIT STRING (SIZE (10)),
	bs16-r14								BIT STRING (SIZE (16)),
	bs20-r14								BIT STRING (SIZE (20)),
	bs30-r14								BIT STRING (SIZE (30)),
	bs40-r14								BIT STRING (SIZE (40)),
	bs50-r14								BIT STRING (SIZE (50)),
	bs60-r14								BIT STRING (SIZE (60)),
	bs100-r14								BIT STRING (SIZE (100))
}
[…]
	SL-TF-ResourceConfig field descriptions

	subframeBitmapIndicates
the subframe bitmap indicating resources used for sidelink. For sidelink communication, E-UTRAN configures value bs40 for FDD and the following values for TDD: value bs42 for configuration0, value bs16 for configuration1, value bs8 for configuration2, value bs12 for configuration3, value bs8 for configuration4, value bs4 for configuration5 and value bs30 for configuration6. For V2X sidelink communication, E-UTRAN configures value bs16, bs20 or bs100 for FDD or Frame Structure Type 1 as defined in TS 36.211 [21],and the following values for TDD or Frame Structure Type 2 as defined in TS 36.211 [21]: value bs60 for configuration0, value bs40 for configuration1, value bs20 for configuration2, value bs30 for configuration3, value bs20 for configuration4, value bs10 for configuration5 and value bs50 for configuration6.





We think the general idea in LTE V2X can be extended to NR V2X, i.e. L_bitmap is an integer multiple of the number of “UL slots” within a TDD configuration period. On the other hand, it suffices to have a constant-length bit string (which is long enough to accommodate the maximum value of L_bitmap) in the corresponding RRC parameter for the bitmap.
Proposal 6: Regarding periodicity and length of bitmap, excluded slots, reserved slots
· Periodicity is 10240ms.
· L_bitmap is an integer multiple of the number of “UL slots” within a TDD configuration period.
· Confirm the following WA made in RAN1#100-e with following changes, that slots to exclude include
· (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 PSBCH or TDD-UL-DL-ConfigCommon (converted to PSBCH compatible format), where  
· X is sl-LengthSymbols
· Y is sl-StartSymbol

Furthermore, we would like to point out that in case PSFCH is configured periodically in a resource pool, there is a -to-1 mapping from PSSCH slots to PSFCH slots, as specified in subclause 16.3 of TS 38.213. In order to make sure such a mapping is valid for all slots in the resource pool, the total number of slots in a resource pool has to be an integer multiple of .
Figure 4 below illustrates the problem if the total number of slots in a resource pool is not an integer multiple of . For simplicity it is assumed that there are a total of 10 slots within a “SFN” period and all of them can be configured for the resource pool. It can be seen that since 10 is not an integer multiple of , in order to maintain the periodicity of PSFCH, in the first “SFN period” slots #3 and #7 are PSFCH slots, and in the second “SFN” period slots #1, #5 and #9 become PSFCH slots. In this case it is not even known how to locate the PSFCH slots in a given “SFN period”!
[image: ]
[bookmark: _Ref40447309]Figure 4: the set of slots for PSFCH are different in different “SFN” periods
If instead the set of slots in the resource pool is to be kept the same for each “SFN” period then the -to-1 mapping from PSSCH slots to PSFCH slots cannot be kept unique. See another illustration in Figure 5 where more than  PSSCH slots are mapped to the PSFCH slot#3 in the second “SFN” period, which is obviously inconsistent with subclause 16.3 of TS 38.213.
[image: ]
[bookmark: _Ref40448247]Figure 5: more than  PSSCH slots are mapped to one PSFCH slot

Proposal 7: The total number of slots in a resource pool is adjusted to be an integer multiple of .

PSFCH sequence generation
It was agreed to use the sequence of PUCCH format 0 as the starting point for PSFCH sequence generation. The specification text on PSFCH sequence generation is shown as follows,
	[bookmark: _Toc11324487][bookmark: _Toc29230456][bookmark: _Toc36026715]8.3.4.2.1	Sequence generation
The sequence  shall be generated according to


where  is given by clause 6.3.2.2 with the following exceptions:
-	 is given by clause 16.3  of [5, TS 38.213]; 
-	 is given by clause 16.3 of [5, TS 38.213];
-	 is the OFDM symbol number in the PSFCH transmission where  corresponds to the first OFDM symbol of the PSFCH transmission;
-	 is the index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PSFCH transmission in the slot given by [5, TS 38.213]


We noticed that determination of the cyclic shift  in  is a formula depending on a function of , which hereby is shown as follows,
	[bookmark: _Toc19796428][bookmark: _Toc26459654][bookmark: _Toc29230303][bookmark: _Toc36026562]6.3.2.2.2	Cyclic shift hopping
The cyclic shift  varies as a function of the symbol and slot number according to

where
-	 is the slot number in the radio frame
-	 is the OFDM symbol number in the PUCCH transmission where  corresponds to the first OFDM symbol of the PUCCH transmission,
-	 is the index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PUCCH transmission in the slot given by [5, TS 38.213]

-	 is given by [5, TS 38.213] for PUCCH format 0 and 1 while for PUCCH format 3 and 4 is defined in clause 6.4.1.3.3.1

-	 except for PUCCH format 0 when it depends on the information to be transmitted according to clause 9.2 of [5, TS 38.213]. 
-	 is given by
[bookmark: _Hlk23763479]-	 for PUCCH formats 0 and 1 if PUCCH shall use interlaced mapping according to any of the higher-layer parameter useInterlacePUCCH-Common-r16 or useInterlacePUCCH-Dedicated-r16, where  is the resource block number within the interlace;
-	 otherwise

The function  is given by
	



where the pseudo-random sequence  is defined by clause 5.2.1. The pseudo-random sequence generator shall be initialized with , where  is given by the higher-layer parameter hoppingId if configured, otherwise .


It is noticed that the pseudo-random sequence  shall be initialized with . While the issue is if the hopping identity (sl-PSFCH-HopID-r16) is not configured, there is not necessarily a cell ID for the sidelink UE since the sidelink UE might be out of coverage and without a serving cell. As PSFCH sequence generation applies for both Tx and Rx UEs and should keep a common understanding, thus we propose to adopt a function of layer-1 source ID and destination ID conveyed in 2nd-stage SCI for the case when sl-PSFCH-HopID-r16 is not configured.
Similar issue happens for group and sequence hopping with  as a function of the cell ID. Hence, similar approach based on layer-1 source ID and destination ID can be considered.
Proposal 8: For PSFCH sequence and cyclic shift hopping, the pseudo-random sequence generator shall be initialized with , where  is given by the higher-layer parameter sl-PSFCH-HopID-r16 if configured, otherwise .
Rate matching of 2nd-stage SCI
In RAN1#100bis-e, it was agreed to use the actual number of REs for the 2nd-stage SCI for TBS determination. Hence, the working assumption of determining coded modulation symbols of the 2nd-stage SCI in RAN1#99 would be reverted due to circular dependency issue.
When the RE number for the 2nd-stage SCI is determined as , certainly it would satisfy the following,

Where  for the 2nd-stage SCI with QPSK and  represents the target coding rate associated with the indicated MCS.
Accordingly, . As similar in NR, to ensure the occupied RE number for the 2nd-stage SCI won’t exceed total REs for PSSCH, an upper bound  needs to be maintained.
It is noticed that ) is the number of subcarriers that can be used for transmission of the SCI format 0-2 in OFDM symbol  and captured as  =  -  -  -  . Considering only option 3 for multiplexing PSCCH and PSSCH is supported in NR sidelink, the subcarriers occupied by PSCCH in OFDM symbol  should be taken into consideration, i.e.  =  -  -  -   -  , where  is the number of subcarriers in OFDM symbol  that carries PSCCH.
Hence, we have the following proposal.
Proposal 9: For 2nd stage SCI transmission on PSSCH with SL-SCH, the number of coded modulation symbols for 2nd-stage SCI transmission, denoted as , is determined as follows:

Where
-  represents the target coding rate associated with the indicated MCS.
-  is the number of subcarriers in OFDM symbol l that carries PSCCH, in the PSSCH transmission.
-  is the number of resource elements that can be used for transmission of the 2nd-stage SCI in OFDM symbol , for , in PSSCH transmission and  is the number of allocated symbols for the PSSCH except AGC symbol as defined in [6, TS 38.214]:
-  =  -  -  -   -  .
MCS table indication for different transmissions of a TB
In RAN1#100bis-e, the agreement on MCS table indication was made as follows,
	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


For a Rx UE which does not support 256QAM MCS table (i.e. Table 5.1.3.1-2 in TS38.214), if the UE decodes the 1st stage SCI and is indicated the 256QAM MCS table by Tx UE, then the Rx UE is not required to decode the TB transmitted in PSSCH. In this case, the Tx UE may naturally fall back to the default MCS table for retransmission of the TB.
Proposal 10: For different transmissions of a TB, support to indicate different MCS tables if one or two additional MCS table(s) is (pre-)configured.
2nd-stage SCI format/size
In RAN1#100bis-e, two 2nd-stage SCI formats were agreed: SCI format 2-A (with “CSI request” field) and SCI format 2-B (with “Zone ID” and “Communication range requirement” fields). It is expected that the following field in the 1st-stage SCI format (now renamed SCI format 1-A) will be finalized based on the above-mentioned decision on SCI format 2-A/2-B, e.g. two code points are defined for the “2nd-stage SCI format” field, respectively for indication of SCI format 2-A and SCI format 2-B.
	-	2nd-stage SCI format – [x] bits as defined in clause x.x.x of [6, TS 38.214].


One potential issue of such a design is that it would be impossible to introduce any more fields in SCI format 2-A/2-B in a future release; otherwise the following problems will occur:
· A UE supporting Rel-16 will never be able to succeed in decoding such an “enhanced” SCI format 2-A/2-B, and even worse, since the Rel-16 UE will not know the actual reason of decoding failure, it will try in vain to decode every received “enhanced” SCI format 2-A/2-B.
· A UE supporting Rel-17 (or a later release) configured with the “enhanced” SCI format 2-A/2-B cannot correctly decode the 2nd-stage SCI transmitted by a Rel-16 UE. This could be a serious problem as the mixed-release scenario is most typical in real deployment.
It may be argued that any enhancement to 2nd-stage SCI in a future release can be done by introducing a new 2nd-stage SCI format e.g. SCI format 2-C, 2-D etc. However, with e.g. 2 bits in “2nd-stage SCI format” there would be only two chances left for future enhancement, which seems very restrictive.
To alleviate the above issue we propose to introduce an additional “2nd-stage SCI size” field in SCI format 1-A.
Proposal 11: A “2nd-stage SCI size” field is introduced in SCI format 1-A.

Conclusion
In this contribution, we discuss some remaining issues on physical layer structure for NR sidelink, and make the following proposals.
Proposal 1: Specify the symbol used for PSFCH format 0 in TS 38.213 as
· Symbol  if symbol  is the last symbol in a slot.
· Symbol  otherwise.
Where symbol  is the last SL symbol in a slot.
Proposal 2: Regarding symbols for PSSCH in a slot,
· The last SL symbol is not excluded if no PSFCH is configured in the slot and the last SL symbol is not the last symbol in the slot.
· Two consecutive symbols immediately preceding the symbol for PSFCH are excluded, if PSFCH is configured in the slot

Proposal 3: Consider one of the following for PSSCH scrambling sequence generator initialization for NR sidelink:
·  where  is a function of layer-1 source ID and destination ID and  is a value larger than or equal to 1024 and less than .
· 

Reuse the PSSCH scrambling sequence generator initialization for LTE V2X, i.e.  where .
Proposal 4: In case PSFCH is configured for a resource pool, the set of values configured by higher layer parameter sl-PSSCH-DMRS-TimePattern-r16 is for slots without PSFCH, and the set of values for slots with PSFCH is derived from the set of values for slots without PSFCH.
Proposal 5: Regarding subchannel size and resource pool size,
· Any number of PRBs can be configured for the size of a resource pool in Rel-16.
· Replace the RRC parameter numSubchannel for the number of subchannel by the RRC parameter for the total number of PRBs of the resource pool
· The number of subchannels is calculated by ceiling(total number of PRBs / subchannel size)
· If the total number of PRBs in a given subchannel is not an integer multiple of the subchannel size: 
· Alt 2. A Rel-16 UE does Tx/Rx in the given subchannel
Proposal 6: Regarding periodicity and length of bitmap, excluded slots, reserved slots
· Periodicity is 10240ms.
· L_bitmap is an integer multiple of the number of “UL slots” within a TDD configuration period.
· Confirm the following WA made in RAN1#100-e with following changes, that slots to exclude include
· (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 PSBCH or TDD-UL-DL-ConfigCommon (converted to PSBCH compatible format), where  
· X is sl-LengthSymbols
· Y is sl-StartSymbol
Proposal 7: The total number of slots in a resource pool is adjusted to be an integer multiple of .
Proposal 8: For PSFCH sequence and cyclic shift hopping, the pseudo-random sequence generator shall be initialized with , where  is given by the higher-layer parameter sl-PSFCH-HopID-r16 if configured, otherwise .
Proposal 9: For 2nd stage SCI transmission on PSSCH with SL-SCH, the number of coded modulation symbols for 2nd-stage SCI transmission, denoted as , is determined as follows:

Where
-  represents the target coding rate associated with the indicated MCS.
-  is the number of subcarriers in OFDM symbol l that carries PSCCH, in the PSSCH transmission.
-  is the number of resource elements that can be used for transmission of the 2nd-stage SCI in OFDM symbol , for , in PSSCH transmission and  is the number of allocated symbols for the PSSCH except AGC symbol as defined in [6, TS 38.214]:
-  =  -  -  -   -  .
Proposal 10: For different transmissions of a TB, support to indicate different MCS tables if one or two additional MCS table(s) is (pre-)configured.
Proposal 11: A “2nd-stage SCI size” field is introduced in SCI format 1-A.
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