3GPP TSG RAN WG1 #99		R1-1911952
Reno, US, Nov 18th – 22nd, 2019
Source:	Nokia, Nokia Shanghai Bell 
Title:	Discussion of physical layer structure for sidelink
Agenda item:	7.2.4.1
Document for:	Discussion and Decision
1. Introduction
In RAN1#98bis meeting, the following agreements were reached on the sidelink physical layer structure.
Agreements:
· A slot is the time-domain granularity for resource pool configuration.
· To down-select:
· Alt 1. Slots for a resource pool is (pre-)configured with bitmap, which is applied with periodicity
· Alt 2. Slots for a resource pool is (pre-)configured, where the slots are applied with periodicity.
· FFS: signaling details
· FFS: how to apply the above bitmap signaling, e.g., to all slots or only to a set of slots
· FFS: symbols for sidelink in the slot, how to indicate for the case when not all symbols are for SL
Agreements:
· Support (pre-)configuration of a resource pool consisting of contiguous PRBs only
Agreements:
· For the number of bits of L1 IDs,
· Layer-1 destination ID: 16 bits
· Layer-1 source ID: 8 bits
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
Agreements:
· Rel-15 NR PDCCH DMRS pattern is reused for PSCCH DMRS pattern.	
· For frequency-domain pattern for PSCCH DMRS, reuse Rel-15 NR PDCCH DMRS, i.e., comb-4 fixed RE mapping for PSCCH DMRS.
· (Working assumption) For time-domain pattern for PSCCH DMRS, every symbol of PSCCH has PSCCH DMRS REs.
· FFS: how to initialize DMRS sequence generator
Agreements:
· PSCCH for 1st stage SCI with 2 and 3 symbols is supported in Rel-16. 
· FFS: other length(s) of symbols (e.g., all symbols)
· The number of symbols above excludes AGC symbols if any
· The number of PSCCH symbols is explicitly (pre-)configured per Tx/Rx resource pool
Agreements:
· Resource mapping of SL CSI-RS is performed by using one SL CSI-RS pattern in an RB, where the possible patterns in an RB are a subset of NR Uu CSI-RS time-frequency/CDM resource mapping patterns in an RB
· The subset is to be pre-defined by spec 
· FFS how the one pattern is determined (but not part of SCI)
· FFS which subset
Agreements:
· SL CSI-RS is transmitted by a UE only if: 
· when the corresponding PSSCH is transmitted (as agreed before) by the UE, and,
· when SL CQI/RI reporting is enabled by higher layer signaling, and 
· when enabled, if the corresponding SCI by the UE triggers the SL CQI/RI reporting 
Agreements:
· 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

Agreements:
· Support 1st stage SCI in PSCCH in one subchannel only. 
· Within one subchannel, there is at most one 1st stage SCI, except for spatial re-use
· For RE mapping of the 2nd stage SCI, frequency-first mapping within the PSSCH is used. To down-select:
· Alt 1. The REs for the 2nd SCI are not interlaced with (localized in) PSSCH data RE.
· Alt 1-1. only RBs in the subchannel having the corresponding 1st stage SCI can be possibly used for mapping the 2nd stage SCI
· Alt 1-2. only RBs in the all sub-channels for the scheduled PSSCH can be possibly used for mapping the 2nd stage SCI.
· Alt 2. The REs for the 2nd stage SCI can be interlaced with (distributed in) PSSCH data RE.
· Whether to allow mapping with the same symbol of PSSCH DMRS
· For modulation order of the 2nd stage SCI, to down-select:
· Alt 1. Fixed as QPSK
· Alt 2. Same as PSSCH
· The same PSSCH DM-RS port(s) is used for transmitting the 2nd stage SCI.
· When PSSCH is 2-layer, FFS how to map the 2nd stage SCI modulation symbols to the two layers, to down-select:
· Alt 1: when PSSCH is 2-layer, the same modulation symbol of the 2nd stage SCI is mapped to the two layers
· Alt 2: when PSSCH is 2-layer, different modulation symbols of the 2nd stage SCI are mapped to the two layers
· A combination thereof
Agreements:
· Support {10, 15, 20, 25, 50, 75, 100} PRBs for possible sub-channel size.
· FFS other values (e.g., 4, 5, 6, etc.)
· One value of the above set is (pre)configured for the sub-channel size for the resource pool.
· Size of PSCCH: X
· X  N, where N is the number of PRBs of the subchannel
· X is (pre)-configurable with values FFS, X

In this contribution, we make further discussions on the remaining issues about NR V2X sidelink physical layer structures and make some observations and proposals. 
2. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Remaining issues of NR V2X sidelink physical layer structure
Resource pools
It was agreed that a slot is the time-domain granularity for resource pool configuration with signaling details FFS. In our view, the signaling method for resource pool configuration in LTE V2X can be reused largely. In details, a set of slots that may belong to NR V2X sidelink resource pools is firstly defined, excluding some specific slots e.g. those include S-SSB, downlink slots, flexible slots and the potential reserved slots. Then a bitmap could be used to configure the resource pools over the set of slots.  For the resource pool configuration, a slot format indicator could be used to indicate all or partial consecutive symbols available for sidelink in the slots of the resource pool.  
Proposal 1: Slots for a resource pool is (pre)configured with bitmap which is applied with periodicity (Alt 1). The symbols for sidelink in the slots are indicated with slot format indicator in resource pool (pre)configuration. 
PSFCH format
During email discussion [98b-NR-09] on the sequence-based PSFCH format with one or two symbols, the following agreements were reached. 
For the agreed sequence-based PSFCH format with one symbol (not including AGC training period),
- 1 PRB is used.
- Only 1 bit can be carried for the case of N=1, where N denotes the period of slot having PSFCH resource in a resource pool
- FFS: for the case of N=2, 4.
Note: Each company is encouraged to discuss on how to handle AGC issue for the agreed sequence-based PSFCH format with one symbol (not including AGC training period) to decide whether/how to support 2-symbol PSFCH format.
For the short PSFCH format with one symbol, it was agreed (in email discussions) one PRB is used and only one bit is carried for the case of N=1. For the case of N=2 or 4, there exists the case that one transmitter sends multiple TB packets to a receiver within a single PSFCH period, thus there is the need to carry multiple HARQ feedback bits on the PSFCH. Although the PSFCH sequence over one PRB could carry two (or even three) HARQ feedback bits with multiple cyclic shifts. However, there are some potential issues: e.g. TX UE may misunderstand the PSFCH if the RX UE only decodes one TB packet and misses the other one (DTX). Although this issue could be resolved e.g. with increased SCI overhead, considering the limited time left for this WI, it is preferred that only single bit is carried over PSFCH for all period values. 
Regarding how to handle AGC issue for the agreed sequence-based PSFCH format with one symbol, a straightforward way is that the PSFCH symbol is duplicated and AGC settling is conducted based on the first PSFCH symbol. 
Proposal 2: Sequence-based PSFCH format with one symbol is repeated for AGC handling. One bit is carried by the PSFCH format, for all values of the PSFCH period N. 
PSCCH position
In the email discussions [98b-NR-10] on the starting symbol/PRB for the PSCCH, the following agreements were reached. 
	Agreements:
· Support that the lowest PRB of a PSCCH is the same as lowest PRB of the corresponding PSSCH.
· FFS: Also support that the highest PRB of a PSCCH is the same as highest PRB of the corresponding PSSCH
Agreements:
  For the starting symbol of PSCCH in a slot, 2nd SL symbol in the slot is used.
  FFS: which signal/channel(s) is mapped in the 1st SL symbol in the slot. It is not precluded to map certain portion of PSCCH to the 1st SL symbol in a slot.
  FFS: whether/how to support that PSSCH DMRS and PSCCH are mapped in the same OFDM symbol
-     If RAN1 decides to support mapping PSSCH DMRS and PSCCH in the same OFDM symbol, then this mapping within a single sub-channel is only supported for sub-channel sizes >= 20 PRBs.
  Note: This might not have specification impact, pending the outcome of other discussions in RAN1#99.
  Note: This does not imply that PSSCH DMRS and PSCCH are mapped in the same OFDM symbol within the same sub-channel for other cases and within the different sub-channels.




For the starting PRB for PSCCH, it is straightforward to support that the lowest PRB of PSCCH is the same as lowest PRB of the associated PSSCH. Regarding the other option (also support of alignment of the highest PRBs), it may have a small benefit in reducing the PSCCH collision probability; the drawback, however, is the increased blind decoding effort: unless PSCCH takes up the whole subchannel, for a given subchannel it means that PSCCH can either be at the highest PRBs or at the lowest PRBs of the subchannel, doubling the blind decoding effort
For the starting symbol of PSCCH in a slot, after intensive discussions on the candidate positions of the 2nd symbol or 3rd symbol, the email discussion finally reached the working assumption that the 2nd SL symbol is used as the starting symbol for PSCCH. Regarding the FFS whether to support the PSSCH DMRS and PSCCH are mapped in the same symbol, considering that in the 3-symbol PSCCH configuration, if the mapping of the PSSCH DMRS and PSCCH in the same symbol is not allowed, the extrapolation in the channel estimation may bring large channel estimation degradation especially in high mobility, the mapping of the PSCCH and PSSCH DMRS in the same symbol need to be supported. To alleviate the concern on the channel estimation complexity for such PSSCH DMRS arrangement (with potential staggered PSSCH DMRS), it is acceptable to make the constraint that the mapping of PSSCH DMRS and PSCCH within a single sub-channel is only supported for sub-channel >= 20 PRBs.
The FFS issue that which signal/channel(s) is mapped in the 1st SL symbol in the slot is discussed in the next subsection together with PSSCH DMRS. 
Proposal 3: Support the lowest PRB of a PSCCH is the same as lowest PRB of the corresponding PSSCH (not support alignment of highest PRB). 
Proposal 4: Support the mapping of PSSCH DMRS and PSCCH in the same symbol with the constraint that the mapping of PSSCH DMRS and PSCCH within a single sub-channel is only supported for sub-channel >= 20 PRBs.
PSSCH DMRS
DMRS patterns in time domain
At RAN1-98, it was agreed that (pre-)configuration of one or more PSSCH DMRS pattern(s) in time domain per a resource pool is supported and the exact DMRS pattern is indicated by SCI. To support it, in principle one set of multiple DMRS time patterns shall be predefined and a subset of the time patterns is configured in the resource pool (pre)configurations. To simplify the DMRS pattern configurations and reduce the relevant SCI overhead, it may be sufficient to support at most two DMRS time patterns per resource pool, one for high mobility and the other for low mobility which means one bit for the DMRS time pattern indication in the SCI. 
One potential issue of the multiple DMRS time patterns per resource pool is that it could lead to potentially different DMRS time patterns for the simultaneous sidelink transmissions that occupy different subchannels (i.e. in FDM) or (partially) overlapped subchannels (i.e. collisions). In case of collisions, there will be potential overlapping of data and DMRS, rather than DMRS and DMRS. This may bring some impact on the channel estimation and/or interference mitigation operations. In order to reduce this issue as much as possible, it is better that the DMRS symbols for low mobility is a subset of the DMRS symbols for high mobility.
Proposal 5: At most two DMRS time patterns are (pre)configurable per resource pool. SCI uses one bit to indicate the used DMRS time pattern.
Proposal 6: For the multiple DMRS time patterns per resource pool, it is preferred that the set of DMRS symbols of the low-density pattern is a subset of that of the high-density pattern.
Regarding the PSSCH DMRS time patterns, the following DMRS patterns are provided as examples assuming that PSCCH spans two or three OFDM symbols. In FR1, for SCS of {15kHz, 30kHz}, the two DMRS patterns corresponding to the PSCCH symbol number could be configured with the high and low DMRS density patterns applicable for high and low mobility respectively. For {60kHz, 30kHz}, even the single DMRS pattern with low DMRS density could be configured for the resource pool. For the specific application scenario with potential extreme high mobility (e.g. absolute speed of up to 250kmph), the DMRS pattern with high density together with SCS of 60kHz or 30kHz could be configured. In addition, For DMRS patterns with 3 PSCCH symbols, the first DMRS is staggered immediately after the PSCCH to guarantee the detection performance of the PSSCH part that are TDMed with PSCCH (note that PSCCH DMRS can provide aid only for the first layer of PSSCH) and other DMRS symbols remain unchanged. This can keep the impact on channel estimation complexity as low as possible. The DMRS patterns are summarized in the following table. 
Proposal 7: Support the PSSCH DMRS pattern set shown in Table 1. 
Table 1: PSSCH DMRS patterns in time
	
	DMRS density
	Without PSFCH in the slot
	With PSFCH in the slot

	PSCCH w/ 2 symbols
	High
	l={3,6,9,12} (l=0 for 1st symbol)
	l={3,6,9}

	
	Low
	l={3,9}
	l={3,9}

	PSCCH w/ 3 symbols
	High
	l={3+m,6,9,12} 
	l={3+m,6,9}

	
	Low
	l={3+m,9} 
	l={3+m,9}


Note: m=1 for PRBs containing PSCCH and m=0 otherwise






Figure 1: Illustration of PSSCH DMRS pattern set
How to handle 1st SL symbol in slot?
For the FFS issue which signal/channel(s) is mapped in the 1st SL symbol in the slot, in our view, under the above PSSCH DMRS pattern, it could be considered that the 4th SL symbol (i.e. l=3, the first symbol carrying PSSCH DMRS) could be duplicated to the 1st SL symbol. In this case, generally the 1st SL symbol is used for AGC settling and in the case that there is little distortion (e.g. with little or even no further AGC adjustment) the 1st SL symbol could bring benefits: 1) improve channel estimation for PSSCH especially avoid extrapolation in channel estimation; 2) improve data reliability if data modulation symbols are FDMed with PSSCH DMRS in the DMRS symbols; 3) improve PSCCH reliability for 3-symbol PSCCH. 
Proposal 8: Duplicate the OFDM symbol that contains the first PSSCH DMRS to the 1st SL symbol in the slot. 
DMRS patterns in frequency domain
In RAN1-97 meeting, the working assumption was reached that Rel-15 PDSCH DMRS Configuration type-1 and/or type-2 are reused for frequency pattern of PSSCH DMRS (FFS whether to support either one or both types and how to multiplex different ports for PSSCH DMRS).
The type-1 and type-2 DMRS configurations have respective pros and cons. For type-1 DMRS, the DMRS density in frequency per antenna port group (i.e. CDM group) is larger than that of type-2 as shown in the above figure, thus the type-1 DMRS has better capability to combat severe channel frequency selectivity and improve the channel estimation performance. In comparison with type-1 DMRS, type-2 DMRS configurations can support more antenna ports (i.e. three port groups by type-2 vs. two port groups by type-1). Thus, type-2 DMRS has better potential and capacity to provide orthogonal antenna ports e.g. for collision interference mitigation. The drawback of the type-2 DMRS is the relatively low DMRS density per port group and thus may not be suitable for scenarios with severe channel frequency selectivity especially if relatively large SCS values are used (e.g. 60kHz or larger). In order to enable the potential use of the benefits of the two types, it is preferred to support both the types of DMRS configurations. In order to prevent relevant dynamic signaling overhead and other potential issues (e.g. those coming from (partial) collisions of type-1 and type-2 DMRS), the DMRS type could be (pre)configured per resource pool.  
Proposal 9: Support both type-1 and type-2 DMRS configurations. The used DMRS type is (pre)configured per resource pool.
Another aspect of PSSCH DMRS is whether PSSCH DMRS can be FDMed with data modulation symbols. In NR Rel-15, the FDM of PDSCH DMRS and data symbols can be used or not depending on the configuration. In our view NR V2X specification should preserve the flexibility of whether FDM of PSSCH DMRS and data modulation symbols is allowed or not. It could be indicated by the resource pool configuration. 
Proposal 10: Whether FDM of PSSCH DMRS and data modulation symbols is allowed or not is indicated by the resource pool configuration. 
2nd-stage SCI: resource mapping and transmission
Resource mapping
In the previous meetings, it was agreed that 2nd stage SCI is carried within the resource of the corresponding PSSCH but with separate scrambling operations. Accordingly, it is decoded using PSSCH DMRS. An important aspect to be decided is the resource mapping of the 2nd stage SCI. Additionally it was agreed that frequency-first mapping within PSSCH is used for RE mapping of the 2nd stage SCI and more details are FFS. There are two alternatives for down-selection as follows:
· Alt 1. The REs for the 2nd SCI are not interlaced with (localized in) PSSCH data RE.
· Alt 1-1. only RBs in the subchannel having the corresponding 1st stage SCI can be possibly used for mapping the 2nd stage SCI
· Alt 1-2. only RBs in the all sub-channels for the scheduled PSSCH can be possibly used for mapping the 2nd stage SCI.
· Alt 2. The REs for the 2nd stage SCI can be interlaced with (distributed in) PSSCH data RE.
For Alt 1 localized resource mapping is used for 2nd stage SCI within the subchannel that contains PSCCH (Alt 1-1) or within all the subchannels of PSSCH (Alt 1-2). In our view, there seems no technical benefits for the localized resource mapping for the 2nd stage SCI. The distributed resource mapping in Alt 2 is beneficial for improving decoding performance with the frequency diversity. In addition, if two-layer transmission is allowed for 2nd stage SCI, the localized resource mapping has the potential risk that the channels over the localized resources of 2nd stage SCI is occasionally closer to rank 1 (although the average channels of SL transmission have property of rank 2) which may severely degrade the performance of 2nd stage SCI if different modulation symbols of the 2nd stage SCI are mapped to the two layers. From this perspective, distributed resource mapping for 2nd stage SCI is preferred.  
Proposal 11: The REs for 2nd stage SCI can be interlaced with (distributed in) PSSCH data RE (i.e. Alt 2 is supported).
To support the distributed resource mapping for 2nd stage SCI, the concept of CCE like in CORESET in NR could be used. Each CCE for 2nd stage SCI consists of fixed or configurable number of PRBs that can be distributed in the subchannels of the PSSCH. One or more CCEs can be aggregated to carry the 2nd stage SCI with the aggregation level indicated by 1st stage SCI. The CCEs of the multiple aggregation levels can be mapped firstly in frequency domain then in time domain. Figure 2 shows an example of the resource mapping for 2nd stage SCI. Here it is assumed that subchannel size is 10 PRBs and PSCCH spans 2 symbols over 10 subchannels. The CCE for 2nd stage SCI consists of 10 PRBs and totally 4 CCEs are exemplified in the figure. 
Another issue of the resource mapping of 2nd stage SCI is from which symbols to make the resource mapping, from the symbols of PSCCH or from those after PSCCH (the latter is assumed in Figure 2). The resource mapping from the PSCCH symbols (if enough resources available for the mapping) is beneficial for latency. However, it has some potential drawbacks e.g. worse channel estimation due to the extrapolation or the potential power boosting for PSCCH may reduce the power per resource element. To balance the latency and performance, it could be considered to indicate the starting resource mapping position for 2nd stage SCI with e.g. 1 bit in 1st stage SCI. 
Proposal 12: The resource mapping for 2nd stage SCI starts from the symbols containing PSCCH or those after PSCCH based on CCE which consists of fixed or configurable number of PRBs. The aggregation level of the CCEs is indicated by 1st stage SCI. 



Figure 2: Illustration of resource mapping for 2nd stage SCI (based on aggregation of CCEs)
Modulation of 2nd stage SCI
Regarding modulation order of the 2nd stage SCI, there are two alternatives in the agreements one with fixed modulation of QPSK and the other with same modulation as PSSCH. Considering the importance of the reliability of the 2nd stage control information, fixed modulation of QPSK is preferred. 
Proposal 13: QPSK is used for 2nd stage SCI. 

Mapping of 2nd stage SCI to two layers
When PSSCH employs two-layer transmission, there is the issue how to map the 2nd stage SCI modulation symbols to the two layers. In RAN1-98bis meeting, two alternatives were provided in the agreements as follows
· When PSSCH is 2-layer, FFS how to map the 2nd stage SCI modulation symbols to the two layers, to down-select:
· Alt 1: when PSSCH is 2-layer, the same modulation symbol of the 2nd stage SCI is mapped to the two layers
· Alt 2: when PSSCH is 2-layer, different modulation symbols of the 2nd stage SCI are mapped to the two layers
· A combination thereof
For the Alt 1, the same modulation symbol of the 2nd stage SCI is mapped to the two layers. This implies that each modulation symbol experiences combination of the channels of the two layers. However, direct combination of the two-layer channel provides no diversity gains. For Alt 2, different modulation symbols of the 2nd stage SCI are mapped to the two layers. It means two times of modulation symbols can be transmitted. It thus implies the channel coding rate could be halved. The cost is that spatial demultiplexing will have to be made for the modulation symbols which may suffer penalty if the channel lacks rank occasionally or locally over the 2nd stage SCI resources. In this regard, the distributed resource mapping for 2nd stage SCI may be beneficial for the detection performance of 2nd stage SCI. 
Proposal 14: Support different modulation symbols of the 2nd stage SCI mapped to the two layers when PSSCH is 2-layer (i.e. Alt 2 is supported). 
SCI contents for 2-stage SCI
One important aspect for the 2-stage SCI design is to determine the SCI format and content for the two stages of the SCI. Table 2 shows our views on the SCI information fields of the two SCI stages for various sidelink cast types. Note that for sidelink broadcast, two potential implementation options are considered here: 1) compact SCI format conveyed only by 1st-stage SCI; 2) two-stage SCI for the broadcast. For the option 1 of the compact SCI format for broadcast, it takes the SCI format 1 of LTE-V2X as a reference and only contains the limited essential SCI information fields. The benefits of option 1 is that it has similar size to the 1st-stage SCI thus it could be conveyed only by 1st-stage SCI. In this way, not only the decoding complexity for broadcast is reduced, but also more resources could be used for PSSCH. The potential issue of the compact SCI for broadcast is that due to the absence of source ID and HARQ related information, it may impact the combination operations for the multiple retransmissions (especially if the (re)transmission number is larger than two for broadcast).  The option 2 with the 2-stage SCI for broadcast has reversed cons and pros in comparison with the option 1.    
Table 2: Example SCI information fields for one-stage/two-stage SCI structure
	
	1st-stage SCI
	2nd-stage SCI

	
	Compact format for broadcast (if supported)
	General format
	Broadcast (if compact format not used)
	Groupcast
	Unicast

	SCI format (1st-stage)
	1
	1
	
	
	

	MCS
	5
	5
	
	
	

	MIMO
	1
	1
	
	
	

	QoS priority
	3
	3
	
	
	

	Resource reservation for next period (time)
	4
	4
	
	
	

	Resource reservation for reTX (time)
	4
	4
	
	
	

	Resource reservation for initial TX/reTX (freq)
	5
	5
	
	
	

	Source ID
	
	
	8
	8
	8

	DST ID
	
	*
	
	16
	16

	HARQ process
	
	
	4
	4
	4

	NDI (or reTX index)
	1
	
	1
	1
	1

	Redundancy version
	
	
	2
	2
	2

	DMRS (time)
	1
	1
	
	
	

	DMRS (freq)
	1
	1
	
	
	

	CSI-RS indication
	
	
	
	
	1

	2nd-stage SCI resource indication
	
	[2]
	
	
	

	HARQ feedback enabled
	
	
	
	1
	1

	NACK range
	
	
	
	4
	

	Location information of TX UE
	
	
	
	10
	

	Reserved bits
	x
	x
	x
	x
	x

	CRC
	24
	24
	24
	24
	24

	Total number of bits
	50+x
	51+x
	39+x
	70+x
	57+x


Notes:
1) For the ‘Resource reservation for reTX’, it is assumed that for the multiple (re)transmissions of a single TB, the previous (re)transmission only reserves resource for the next retransmission. More overhead may be needed if more than two reTX resources are reserved by one transmission (including the current transmission).
2) For ‘DST ID’, in the example of table, it is assumed to be arranged in 2nd-stage SCI to keep overhead of the 1st-stage SCI as low as possible. Note that (partial) DST ID could also be carried in the 1st-stage SCI to avoid the unnecessary decoding for the 2nd-stage SCI. Additionally, for the 2nd-stage SCI for broadcast, ‘DST ID’ e.g. with 16 bits may be used with special value (e.g. all 0s) if unified 2nd-stage SCI format is defined for broadcast.

MCS table for PSSCH
In previous meeting, it was agreed that the three MCS tables supported in Rel-15 NR Uu CP-OFDM are also used for SL and for each resource pool, at least one MCS table is (pre)configured. It is FFS whether or not to introduce a case where the MCS table can be overwritten by PC5 RRC or indicated in SCI. In our view, there is the need to overwrite the (pre)configured MCS table for the resource pool e.g. some unicast users close to each other share the resource pool with other general vehicles, for the unicast SL communication, the MCS table of 256QAM can be used in place of the (pre)configured MCS table e.g. the first table with 64QAM. In this regard, PC5 RRC signaling is preferred. 
Proposal 15: Support the case where the (pre)configured MCS table for the resource pool can be overwritten by other MCS table through PC5 RRC signaling.
PSCCH DMRS
As agreed in previous meeting, Rel-15 NR PDCCH DMRS pattern is reused for PSCCH DMRS pattern i.e. comb-4 pattern is used in frequency domain. In time domain, the working assumption is that every symbol of PSCCH has PSCCH DMRS REs. Considering the important role of PSCCH DMRS in reliable channel estimation and/or synchronization related operations, presence of DMRS in every PSCCH symbols is reasonable and the working assumption should be confirmed. 
Proposal 16: Confirm the working assumption that every symbol of PSCCH has PSCCH DMRS REs.
Regarding the initialization of the PSCCH DMRS sequence, it can be based on the definition of NR PDCCH DMRS sequence with adjustment as follows


Where  is the OFDM symbol number within the slot,  is the slot number within a frame. The parameter NID could be fixed in specification for PSCCH DMRS. 
In order to combat the potential collisions of multiple transmitters on the PSCCH, some cyclic shift (CS) set (in frequency) and/or orthogonal cover code (OCC) set (in time domain) could be predefined or (pre)configured from which the sidelink transmitters randomly select one specific CS and/or OCC and the receivers make blind detection based on the available CSs and/or OCCs, as done in LTE V2X sidelink. At the receiver side, blind detection with interference cancellation detector e.g. MMSE-IRC per PRB could be applied for high reliability of the PSCCH decoding.


Figure 3: Example of DMRS for PSCCH (it is assumed PSCCH spans two OFDM symbols)
Proposal 17: The ID parameter (NID) is fixed for initialization of PSCCH DMRS sequence.  The CS and/or OCC randomly selected from a set are used over the PSCCH DMRS sequence for collision interference mitigation.  

3. Conclusions
In this contribution we made further discussions on NR V2X sidelink physical layer structure. Based on the discussions, the following proposals are provided. 
Proposal 1: Slots for a resource pool is (pre)configured with bitmap which is applied with periodicity (Alt 1). The symbols for sidelink in the slots are indicated with slot format indicator in resource pool (pre)configuration.
Proposal 2: Sequence-based PSFCH format with one symbol is repeated for AGC handling. One bit is carried by the PSFCH format, for all values of the PSFCH period N. 
Proposal 3: Support the lowest PRB of a PSCCH is the same as lowest PRB of the corresponding PSSCH (not support alignment of highest PRB). 
[bookmark: _GoBack]Proposal 4: Support the mapping of PSSCH DMRS and PSCCH in the same symbol with the constraint that the mapping of PSSCH DMRS and PSCCH within a single sub-channel is only supported for sub-channel >= 20 PRBs.
Proposal 5: At most two DMRS time patterns are (pre)configurable per resource pool. SCI uses one bit to indicate the used DMRS time pattern.
Proposal 6: For the multiple DMRS time patterns per resource pool, it is preferred that the set of DMRS symbols of the low-density pattern is a subset of that of the high-density pattern.
Proposal 7: Support the PSSCH DMRS pattern set shown in Table 1.
Proposal 8: Duplicate the OFDM symbol that contains the first PSSCH DMRS to the 1st SL symbol in the slot.
Proposal 9: Support both type-1 and type-2 DMRS configurations. The used DMRS type is (pre)configured per resource pool.
Proposal 10: Whether FDM of PSSCH DMRS and data modulation symbols is allowed or not is indicated by the resource pool configuration.
Proposal 11: The REs for 2nd stage SCI can be interlaced with (distributed in) PSSCH data RE (i.e. Alt 2 is supported).
Proposal 12: The resource mapping for 2nd stage SCI starts from the symbols containing PSCCH or those after PSCCH based on CCE which consists of fixed or configurable number of PRBs. The aggregation level of the CCEs is indicated by 1st stage SCI.
Proposal 13: QPSK is used for 2nd stage SCI.
Proposal 14: Support different modulation symbols of the 2nd stage SCI mapped to the two layers when PSSCH is 2-layer (i.e. Alt 2 is supported).
Proposal 15: Support the case where the (pre)configured MCS table for the resource pool can be overwritten by other MCS table through PC5 RRC signaling.
Proposal 16: Confirm the working assumption that every symbol of PSCCH has PSCCH DMRS REs.
Proposal 17: The ID parameter (NID) is fixed for initialization of PSCCH DMRS sequence.  The CS and/or OCC randomly selected from a set are used over the PSCCH DMRS sequence for collision interference mitigation.
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