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1	Introduction
In this paper, we discuss the remaining details related to physical layer structure for NR sidelink (SL). In particular, the main topics includes:
· Bandwidth part, resource pools and sub-channels.
· Physical channels design (PSCCH, PSSCH, PSFCH).
· Reference signals (DMRS, SL CSI-RS).
We discuss S-SSB design in a companion contribution [1].
[bookmark: _Ref178064866]2	Bandwidth part, resource pool(s) and sub-channel(s)
2.1	Remaining details on SL BWP
During the SI, it was agreed that sidelink bandwidth part (SL-BWP) is supported for NR and is defined separately from the Uu BWPs in the specifications [2]. In NR, Uu BWP(s) are configured in a UE specific manner, meaning that different UEs may operate on different BWPs depending on their capability and the use case. However, due to inherent broadcast nature of sidelink communication, it is not possible that different UEs operate on different BWPs, especially when the frequency locations and used numerology of the BWPs are different. Therefore, it is necessary that all the UEs are configured to operate on the same BWP. Based on this, we propose the following:
[bookmark: _Toc5126026][bookmark: _Toc7792938][bookmark: _Toc16870883][bookmark: _Toc21372537][bookmark: _Toc24150729]Due to broadcast nature of V2X communication, UEs should operate on common SL- BWP. 
[bookmark: _Toc5126037][bookmark: _Toc7792912][bookmark: _Toc16870889][bookmark: _Toc21372542][bookmark: _Toc24151444]SL-BWP is (pre-)configured in a cell-specific manner.
Note: this proposal has impact on RRC parameters.
[bookmark: _Toc525927447][bookmark: _Toc528755029][bookmark: _Toc528869376][bookmark: _Toc528869412][bookmark: _Toc528916057][bookmark: _Toc528945291][bookmark: _Toc528947529][bookmark: _Toc528954032][bookmark: _Toc531776806]Another topic under discussion in RAN1 is which resources can be used for SL in licensed/shared spectrum. In LTE sidelink transmissions take place only in the UL carrier in case of FDD, and in UL subframes in case of TDD. This limitation is of particular importance for licensed frequency bands shared with cellular transmissions. The motivation is to avoid interference to the DL transmissions. In our view, NR sidelink should also be designed under the assumption that resources may be shared by SL and UL transmissions but not by SL and DL transmissions in case of licensed/shared carrier. 
[bookmark: _Toc16679167][bookmark: _Toc16870890][bookmark: _Toc21372543][bookmark: _Toc24151445][bookmark: _Toc16679168]SL BWP and resource pools are defined on cell-specific UL resources (i.e., those configured through SIB signaling).  
When it comes to the configuration of SL-BWP by the network, there were discussions in RAN1 on whether SL-BWP in a shared carrier uses the same frequency location and/or bandwidth as that of Uu-BWP (i.e. UL BWP or DL BWP). In our view, such restriction would affect the coexistence of SL and UL. For Uu, the BWP can be dynamically switched and there is no restriction on the frequency location and/or bandwidth alignment of different BWPs, at least for a paired spectrum. In contrast, the SL BWP must be semi-statically defined as discussed above. Therefore, SL-BWP configuration cannot always be aligned with Uu-BWP. 
[bookmark: _Toc5126027][bookmark: _Toc7792939][bookmark: _Toc16679156][bookmark: _Toc16870884][bookmark: _Toc21372538][bookmark: _Toc24150730]It cannot be assumed that SL-BWP uses the same frequency allocation and/or bandwidth as that of Uu-BWP. RAN4 discusses the interruption times related to BWP switching and/or re-configuration. 
2.2	Remaining details on resource pool(s)
RAN1#98bis has made the following agreement:
	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



In LTE, the following procedure is followed to determine the set of subframes that belong to PSSCH resource pool. 
	The set of subframes that may belong to a PSSCH resource pool for sidelink transmission mode 3 or 4 is denoted by  where
-	,
-	the subframe index is relative to subframe#0 of the radio frame corresponding to SFN 0 of the serving cell or DFN 0 (described in [11]),
-	the set includes all the subframes except the following subframes, 
-	subframes in which SLSS resource is configured,
-	downlink subframes and special subframes if the sidelink transmission occurs in a TDD cell,
-	reserved subframes which are determined by the following steps:
1)	the remaining subframes excluding  and  subframes from the set of all the subframes are denoted by  arranged in increasing order of subframe index, where  is the number of subframes in which SLSS resource is configured within 10240 subframes and  is the number of downlink subframes and special subframes within 10240 subframes if the sidelink transmission occurs in a TDD cell.
2)	a subframe  belongs to the reserved subframes if  where  and . Here,  the length of the bitmap is configured by higher layers.
-	the subframes are arranged in increasing order of subframe index.
The UE determines the set of subframes assigned to a PSSCH resource pool as follows:
-	A bitmap  associated with the resource pool is used where the length of the bitmap is configured by higher layers.
-	A subframe  belongs to the subframe pool if where  .


In NR, we propose to reuse the similar principle as in LTE, namely using a bitmap to define the resource pool. 
[bookmark: _Toc24151446]Use Alt .1 in RAN1#98bis for resource pool determination: Slots for a resource pool are (pre-)configured with a bitmap, which is applied with periodicity. Details up to RAN2.
As for the details of SL slot determination, a few changes compared to LTE are needed. Specifically, in our opinion, the set of slots that may belong to the PSSCH/PSCCH resource pool include all the slots except the following:
· Slots in which SLSS resource is configured.
· Slots containing downlink symbols and X symbols (in other words, UL only slots are included in the set)
Regarding the reserved slots, we propose to consider their inclusion after agreeing on the details about reservations.
[bookmark: _Toc21354948][bookmark: _Toc21372892][bookmark: _Toc24151447]The set of slots that may belong to PSCCH/PSSCH include all the slots except those which are configured with SLSS resource and those containing downlink or X symbols. FFS reserved slots based on discussion on reservations in resource allocation AI. 
2.3	Details on sub-channel
RAN1#98bis has made the following agreement:
	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


The size of the subchannel needs to be sufficiently large as to guarantee that 1st stage SCI, carried by PSCCH within a given subchannel, can be transmitted with sufficient reliability. In previous meeting it was agreed to support 2 and 3 symbols for PSCCH. For these number of symbols, the question is if smaller subchannel size than 10 PRBs can provide sufficient reliability. In order to address that question, simulations were performed for subchannel sizes of 4, 5, 6, and 10 PRBs, where the results are shown in Figure 1 (simulation assumptions are given in Appendix A.1). As can be seen, by reducing the subchannel size, the BLER performance decreases significantly, with up to 5dB @1% BLER. Note that for LTE, the code rate of PSCCH is 0.125. We can therefore expect that the corresponding LTE performance would be better than the cases considered here, though an exact comparison would require taking the aspects of differences in codec design into account. Nevertheless, to guarantee that NR performs on par with, or better than, LTE for the use cases considered for Rel-16, subchannel sizes smaller than 10 PRBs will not suffice.
[bookmark: _Toc24150731]Smaller subchannel sizes than 10 PRBs can lead to NR PSCCH performance being much worse than that of LTE.
[bookmark: _Toc24151448]Do not support subchannels with size smaller than 10 PRBs.
[image: ]	[image: ]                                                     
(a) Urban LOS scenario                                                                       		(b) Urban NLOS scenario
[bookmark: _Ref16712863]Figure 1: Performance of PSCCH carrying SCI for different size of allocation, and with 1st-stage SCI payload of 56 bits and CRC size of 24 bits.
Regarding the (pre)configured size of the PSCCH, namely the X value in the agreement cited above, we believe it is most beneficial to support a subset of the set of values given for N. Specifically, given N in {10, 15, 20, 25, 50, 75, 100}, the values of X can be selected from the set {10, 15, 20, 25, 50}. This way, the UE implementation can be optimized for a finite set of values of X while ensuring a good performance for all allowed combination of X and N. Note that the higher values of N are not considered since that would create a too large control overhead, with limited added value.
[bookmark: _Toc24150732]Selecting PSCCH sizes (X) from the allowed subchannel sizes (N) enables performance optimization for all valid combinations of X and N.
[bookmark: _Toc24151449]Support PSCCH size X in the set of {10, 15, 20, 25, 50} PRBs.
3	PSCCH design
This section focuses on the design of PSCCH, which carries the first stage of the SCI.
3.1 	Size and resource mapping of PSCCH
RAN1#98bis made the following agreement on the design of the PSCCH carrying the first-stage SCI:
	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:
· 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

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.




Given the agreed subchannel sizes of {10, 15, 20, 25, 50, 75, 100} PRBs, we see a need to support one-symbol PSCCH. This is because the larger subchannel sizes in the list (e.g., >=50PRBs) can accommodate PSCCH in one OFDM symbol, with reasonable code rates. At the same time, such a mapping reduces the decoding latency of the PSCCH (as compared to 2-symbol or 3-symbol cases). Furthermore, mapping PSCCH to only one OFDM symbol also helps alleviating potential issues with staggered PSSCH DMRS, which improves the overall performance. 
[bookmark: _Toc24151450]Support 1 symbol, besides 2 or 3 symbols, for PSCCH in Rel-16.
In terms of starting PRBs for the PSCCH, we prefer only the option that the lowest PRB of a PSCCH to be the same as lowest PRB of the corresponding PSSCH. The other option, namely the highest PRB of a PSCCH is the same as highest PRB of the corresponding PSSCH, increases the blind decoding complexity when X<N while the additional performance gain can potentially be compensated for by PSCCH DMRS orthogonalization as observed by some companies.
[bookmark: _Toc24151451]Only support the lowest PRB of a PSCCH to be the same as lowest PRB of the corresponding PSSCH.
3.2	CRC design for PSCCH
In RAN1#98 there were quite some discussions on the CRC design of 1st stage and 2nd stage of SCI, and whether they should be scrambled or not. In our view, CRC of 1st stage cannot be scrambled with any L1 ID since all UEs need to decode it for sensing-based resource allocation. Furthermore, there were some proposals to scramble the CRC of the 2nd stage with source UE ID in previous RAN1 meetings. However, in our view this is not a viable solution since an Rx UE cannot know about the source UE ID. Although in principle the CRC of 2nd stage SCI can be scrambled using destination ID, it is still not an optimal solution because all UEs will have to decode the 2nd stage before knowing whether this transmission is intended for it or not. Therefore, we believe it is more beneficial to carry the destination ID as an explicit field in the 1st stage SCI. 
[bookmark: _Toc21372540][bookmark: _Toc24150733]CRC of the 2nd stage SCI cannot be scrambled with UE source ID as an RX UE cannot know about it beforehand. 
[bookmark: _Toc21372549][bookmark: _Toc24151452]CRC scrambling is neither used for PSCCH nor for 2nd stage SCI.
Furthermore, in LTE SL, CRC of SCI implicitly indicates the DMRS sequence to be used for PSSCH. We believe that such mechanism is beneficial to randomize the interference and improve the channel estimation performance. Therefore, we propose to reuse the LTE mechanism for NR, i.e., CRC of 1st stage SCI implicitly indicates the DMRS sequence used for subsequent PSSCH. More details can be found in Section 6.3.
[bookmark: _Toc21372550][bookmark: _Toc24151453]CRC of the PSCCH implicitly indicates the DMRS sequence of PSSCH. 
3.3	DMRS design for PSCCH
	Agreements in RAN1#98bis:
· 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.



First, we support that every symbol of PSCCH has PSCCH DMRS REs, just like in NR PDCCH. This is to guarantee decent channel estimation performance of the PSCCH, especially when the PSCCH consists of two OFDM symbols (in this case, if one of the PSCCH symbol does not contain DMRS REs then the channel estimation performance can be significantly affected).
[bookmark: _Toc24151454]Confirm working assumption that every symbol of PSCCH has PSCCH DMRS REs.
Regarding the DMRS sequence generator, we believe the same procedure as that of PDCCH DMRS can be applied with a small modification. Specifically, in TS 38.211, the PSCCH DMRS sequence generator is initialized as follows:
	
where  is the OFDM symbol number within the slot,  is the slot number within a frame, and
-	[image: ] is given by the higher-layer parameter pdcch-DMRS-ScramblingID if provided
-	[image: ] otherwise.


For the above sequence generator to work for all casting types in NR SL, we believe a common  (pre)configured for each resource pool is necessary and sufficient. Note that using the SLSSID for this purpose is not desirable as UEs with different sync references may coexist in a pool.
[bookmark: _Toc24151455]The sequence generator of PSCCH DMRS makes use of the sequence generator of PDCCH DMRS with N_{ID} replaced by an ID (pre)configured for each resource pool.
Note: this proposal has impact on RRC parameters.
In LTE SL V2X, there was a procedure for reducing the contamination on the PSCCH DMRS. According to this procedure, a cyclic shift (CS) of the same Zadoff-Chu base sequence is used for the DMRS of the PSCCH, where the CS can be 0, 3, 6, and 9. The transmitter UE randomly selects one CS out of four candidates and the receiving UE blindly detects the CS and then decodes PSCCH. For NR, this approach is not suitable as the pseudo-random sequences used for DMRS do not have the same properties as the ZC sequences that a cyclic shift of a sequence produces an orthogonal sequence. However, it is still very desirable to have some mechanism for orthogonalizing PSCCH DMRS of overlapping transmissions. Given that RAN1 has agreed to reuse the comb-4 fixed RE mapping of PDCCH DMRS for PSCCH DMRS, we believe it is most efficient to let the Tx UE randomly select one of the possible OCC (orthogonal cover codes) and apply the code to the PSCCH DMRS sequence.
[bookmark: _Toc21372551][bookmark: _Toc24151456]RAN1 define OCCs for PSCCH DMRS. Tx UE randomly selects one of the possible OCCs and applies it to PSCCH DMRS
3.4	Scrambling of PSCCH
In TS 38.211, the block of bits of each codeword q, q=0,1, of the PDCCH is scrambled by a scrambler whose scrambling sequence generator is initialized as follows:
	[bookmark: _Hlk523251629]The UE shall assume the block of bits , where  is the number of bits transmitted on the physical channel, is scrambled prior to modulation, resulting in a block of scrambled bits  according to


where the scrambling sequence  is given by clause 5.2.1. The scrambling sequence generator shall be initialized with
	[image: ]
where
-	for a UE-specific search space as defined in clause 10 of [5, TS 38.213], [image: ] equals the higher-layer parameter pdcch-DMRS-ScramblingID if configured,
-	 otherwise
and where 
-	[image: ] is given by the C-RNTI for a PDCCH in a UE-specific search space if the higher-layer parameter pdcch-DMRS-ScramblingID is configured, and
-	[image: ] otherwise.



In our view, the above procedure can be reused for the PSCCH. However, since the PSCCH should be blindly decoded by all UEs in the pool, it is necessary to use the same c_init for all the UEs in the pool.
[bookmark: _Toc24151457]Scrambling of PSCCH reuses the procedure for scrambling PDCCH, with c_init (pre-)configurable per pool.
Note: this proposal has impact on RRC parameters.
4	SCI content 
In RAN1#98bis a follow-up email discussions, few agreements and working assumption were made that have impacts on the SCI content, as follows:
	Agreements:
· For the number of bits of L1 IDs,
· Layer-1 destination ID: 16 bits
· Layer-1 source ID: 8 bits

Working assumption:
· For TX-RX distance-based HARQ feedback for groupcast Option 1,
· Zone is (pre-)configured with respect to geographical area, and Zone ID associated with TE UE’s location is indicated by SCI.
· Details FFS
· Note: this does not intend to impact the discussion on the zone based resource allocation.

Agreements:
· For the communication range requirement for TX-RX distance-based HARQ feedback, explicit indication in the 2nd stage SCI is used.
· FFS details
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 [98b-NR-20]:
· For groupcast HARQ feedback, SCI explicitly indicates either Option 1 or Option 2 is to be used.



In the following table, we analyze the SCI fields likely for NR sidelink based on the RAN1 agreements so far and their presence in 1st stage or 2nd stage. 



[bookmark: _Ref23931213]Table 1: SCI content and their relevance for different transmission types
	SCI fields
	Broad-cast 
	Group-cast
	Uni-
cast        
	1st-stage SCI
	2nd-stage SCI
	Size

	Resource Information
	Frequency resource location of first reserved resource and number of allocated RBs
	X
	X
	X
	X
	
	 bits (as in LTE)

	
	Time gap between current transmission and first reserved resource 
	X
	X
	X
	X
	
	4 bits (as in LTE)
(0 signals no reservation)

	
	Time gap between current transmission and second reserved resource
	X
	X
	X
	X
	
	10 bits
(0 signals no reservation)

	
	Starting RB for second reserved resource 
	X
	X
	X
	X
	
	 bits

	
	Priority related information                               
	X
	X
	X
	X
	
	3 bits

	
	Initial reservation format
	X
	X
	X
	X
	
	1 bit

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

	
	Modulation and coding scheme 
	X
	X
	X
	
	X
	5 bits

	
	New data indicator 
	X
	X
	X
	
	X
	1 bit

	
	Redundancy version 
	X
	X
	X
	
	X
	2 bits

	HARQ related information
	Process number 
	X
	X
	X
	
	X
	4 bits

	
	Presence of HARQ feedback 
	
	X
	X
	
	X
	1 bit

	
	Groupcast FB Option 1 or Option 2
	
	X
	
	
	X
	1 bit

	
	Zone ID
	
	X
	
	
	X
	10 bits

	
	Communication range requirement
	
	X
	
	
	X
	5 bits

	Multi-antenna related information
	PSSCH DMRS pattern index
	X
	X
	X
	X
	
	1 bit

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

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

	
	Destination ID  
	X
	X
	X
	X
	
	16 bits

	Information for 2nd-stage SCI
	SCI2 format (including transport format)
	X
	X
	X
	X
	
	4 bits


The operational meaning of the resource allocation fields is presented in [3]. Details on Zone and Zone ID can be found in our companion contribution [5].
5	PSFCH design 
The following agreements were made in previous meetings regarding physical format of PSFCH:
	Agreements [RAN1#97]:
· A sequence-based PSFCH format with one symbol (not including AGC training period) is supported.
· This is applicable for unicast and groupcast including options 1/2.
· Sequence of PUCCH format 0 is the starting point.
· FFS: 1 PRB or multiple PRBs is/are used for this PSFCH format
· FFS: feasible number of HARQ-ACK bits, mapping of HARQ-ACK bit 
· FFS whether to support the following formats
· X-symbol PSFCH format with a repetition of the one-symbol PSFCH format (not including AGC training period).
· E.g. X=2
· A PSFCH format based on PUCCH format 2
· A PSFCH format spanning all available symbols for sidelink in a slot.
Agreement [98b-NR-09]:
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.


In our view the HARQ feedback mechanism in sidelink should be simple in order to be beneficial. That means the design should allow the TX UE to distinguish ACK vs. NACK from the same RX UE and to distinguish feedbacks from different RX UEs without extra signaling. To achieve that goal, we have devised several procedures for selecting a PSFCH sequence and determining which RBs to send ACK/NACK, described in detail in our contribution [5]. With the efficiency and robustness provided by the proposed procedures and by RAN1 agreements so far, in our view it suffices to use one RB for the PSFCH and the PSFCH carries only one bit of HARQ feedback (i.e., an ACK or a NACK), regardless of the periodicity of PSFCH resources in the pool. 
[bookmark: _Toc16870895][bookmark: _Toc21372554][bookmark: _Toc24151458]For the sequence-based PSFCH format with one symbol (not including AGC training period) and for all PSFCH resource periodicities (i.e., N=1,2,4): the sequence occupies one RB and carries one bit of HARQ feedback. 
As for ACG handling of the PSFCH, we support using a repetition of the PSFCH symbol.
[bookmark: _Toc24151459]For the sequence-based PSFCH format with one symbol (excluding AGC), support repeating the symbol for AGC handling purpose. 
In previous meetings, there were some proposals in RAN1 to support a PSFCH format similar to PUCCH format 2, i.e., a short PSFCH which carry more than 2 bits. In our view this format is not necessary considering the following:
· The PSFCH only carries HARQ feedback.
· Multiple-bit HARQ feedback is not necessary given our proposed PSFCH structure and procedures described above, especially the mechanism of handling parallel HARQ feedbacks based on prioritization.
Further, we do not see the need of a PSFCH format that spans all available symbols for sidelink in a slot.
[bookmark: _Toc21095237][bookmark: _Toc16870896][bookmark: _Toc21372555][bookmark: _Toc24151460]Do not support new PSFCH formats in release 16 (e.g., like PUCCH format 2, PSFCH spanning all symbols in a slot, etc.). 
One remaining issue with PSFCH is the sequence generation. Given the spirit of the PSFCH design so far, it is straightforward to reuse the sequence generation of the PUCCH format 0 for the PSFCH. To this end, two aspects need to be addressed:
· The first aspect is how to determine the sequence group u and the sequence number v. We propose to determine them as for pucch-GroupHopping ‘neither’ with nID equal to the L1 source ID of the TX UE.
· The second aspect is how to determine the cyclic shift. In 38.211, the cyclic shift α is determined as:
	

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 subclause 6.4.1.3.3.1

-	 except for PUCCH format 0 when it depends on the information to be transmitted according to subclause 9.2 of [5, TS 38.213].

The function  is given by
	



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


In our view, the procedure can be reused by redefining a few parameters:
· m0 is (pre-)configured per resource pool.
· nID is set equal to:
· The L1 source ID of the TX UE for unicast and groupcast option 1.
· The L1 source ID of the RX UE for groupcast option 2.
These changes allow for generating PSFCH for the concept described in [5].
[bookmark: _Toc24151461]For PSFCH sequence generation, the procedure of PUCCH format 0 sequence generation is reused with the following modifications:
a. [bookmark: _Toc24151462]The sequence group u and the sequence number v are determined as for pucch-GroupHopping ‘neither’ with nID set equal to the L1 source ID of the TX UE.
b. [bookmark: _Toc24151463]For cyclic-shift determination:
i. [bookmark: _Toc24151464]m0 is (pre-)configured per resource pool. 
ii. [bookmark: _Toc24151465]nID is set equal to the L1 source ID of the TX UE for unicast and groupcast option 1 and equal to the L1 source ID of the RX UE for groupcast option 2.
Note: this proposal has impact on RRC parameters.
Regarding the guard period, see Section 6.1.
6	PSSCH design
In this section we discuss the design of the AGC settling symbol, PSSCH DMRS, physical format of the 2nd-stage SCI (which was agreed to be carried within resources of the PSSCH in RAN1 #98bis), and some related issues. Based on RAN4’s response on AGC time [10], we consider one OFDM symbol for AGC settling.
6.1	Guard period
Having a symbol for guard period at the end of the PSSCH resources (and at the end of the PSFCH resources when the sidelink slot ends with PSFCH) seems to be a common understanding in RAN1. Nevertheless, we believe it needs to be formally agreed upon to have a complete specification.
[bookmark: _Toc24151466]In a sidelink slot, one OFDM symbol is left empty as guard period after a PSSCH transmission and/or after the last configured PSFCH resource in the slot, if any.
6.2	AGC symbol design
There was a proposal in RAN1 to define a dedicated AGC training signal for the SL. However, in our view, this is not necessary because there are other options to train the AGC with less overhead, as discussed next. Note that in the SL the amount of resources used for non-data contents (i.e., the overhead) is higher than in the UL/DL. Specifically, besides the guard period (which is not required in the UL/DL), the SL typically requires larger DMRS overhead to keep track of fast-changing V2X channels. Therefore, if a dedicated training signal is defined for the AGC then the amount of overhead will be even higher, leaving little resources for data. The issue can be even more severe for short-slot transmissions, which also requires resources for AGC settling and GP. Therefore, we do not see the need of having a dedicated AGC training signal for NR SL. Instead, we believe that data can be mapped to the AGC settling symbol, as in LTE, but with some optimization to ensure a good decoding performance. As such, we have evaluated the influence of different slot configurations on AGC operation and settling-time with link-level simulations. A summary of simulation settings is given in Appendix A.3 and results are shown in Figure 2, with full analysis given in our earlier contribution [9]. The simulation results indicate that dedicated reference symbols are not necessary for the AGC operation. In particular, as can be seen in Figure 2, IFDM configurations (either of data or reference signal) have better BLER performance compared to punctured AGC symbol and dedicated AGC preamble due to lower code rate and no puncturing. 
[image: ]
[bookmark: _Ref16715235]Figure 2: BLER vs SNR for 1000-byte packet. Configurations in the AGC symbol: A - genie-aided PSSCH, B - punctured PSSCH, C - dedicated AGC preamble, D - IFDM PSSCH. Details of the configurations are given in Appendix A.3.
Therefore, we propose the following:
[bookmark: _Toc21372559][bookmark: _Toc24151467]On the first OFDM symbol of a slot for SL (the AGC settling symbol), every other subcarrier is used for PSSCH (including DMRS), the remaining subcarriers are set to zero. 
[bookmark: _Toc21011999][bookmark: _Toc20995927][bookmark: _Toc20995978][bookmark: _Toc20996031][bookmark: _Toc20996081][bookmark: _Toc21011763][bookmark: _Toc21011816][bookmark: _Toc21011951][bookmark: _Toc21012001]6.3	DMRS design for PSSCH
Although there has been some recent progress in specifying the time-domain DMRS patterns for the PSSCH, the frequency-domain aspect of the patterns is still open. The following working assumption was reached in RAN1#97 on this aspect:
	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


In our view, only a single type of DMRS pattern in the frequency domain should be supported. Specifically, we do not see the need of supporting both NR Rel-15 PDSCH/PUSCH DMRS type 1 and type 2. This is because the major use case of DMRS type 2 in Uu is to maximize the number of orthogonal DMRS ports so that MU-MIMO can be efficiently supported, but such a goal is not in relevant for NR SL. Additionally, by restricting to a single type, particularly type 1, we can not only reduce the signaling overhead but also minimize the DMRS alignment issue.
[bookmark: _Toc1119123][bookmark: _Toc5126052][bookmark: _Toc7792932][bookmark: _Ref16842174][bookmark: _Toc16857167][bookmark: _Ref21011868][bookmark: _Toc21372560][bookmark: _Toc24151468]Support a single DMRS pattern in frequency domain for PSSCH, where the PDSCH DMRS Configuration type 1 is reused.
As for the time domain of the DMRS patterns, the following agreement was made in 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 


While recognizing the need of supporting multiple DMRS patterns in the time domain in a resource pool, we also believe that it is important to have some structures in the supported patterns. In particular, in our view,
· The number of DMRS patterns should be limited, to minimize the signaling overhead in the SCI. In our view two patterns suffice, one of high density and one of low density (in time domain).
· The DMRS patterns should be designed in such a way that if two transmissions happen to overlap then the data-DMRS collision impact is minimized. 
[bookmark: _Toc21372561][bookmark: _Toc7792931][bookmark: _Toc16857166][bookmark: _Toc24151469]Maximum 2 DMRS patterns are (pre-)configured for a pool, one of high density and one of low density (in time domain). 
Note: this proposal has impact on RRC parameters.
Given the above proposal, a single bit in SCI is required to signal the index of the chosen DMRS pattern. As a result, the performance loss due to not using this bit is negligible. More importantly, there can be scenarios in which different transmitting UEs configured with different TX pools transmit to the same receiving UE. In these cases, it is necessary that every transmitting UE has the indicator bit in the SCI (even though the TX pool of that UE has a single DMRS pattern). Otherwise the RX UE (who sees the union of the TX pools as a single RX pool) will not be able to decode the transmissions correctly. Therefore, we believe that this indicator bit should be kept in the SCI (and set to the same value as when there are multiple patterns) when there is a single DMRS pattern configured for the resource pool.
[bookmark: _Toc21372562][bookmark: _Toc24151470]The indication bit signaling the DMRS pattern is included in the SCI and is set to the correct (fixed) value when there is a single DMRS pattern configured for the resource pool.
A remaining issue after RAN1#98 is how to select the DMRS pattern for a Mode-1 transmission. In our opinion the UE can perform this selection on its own because selecting a DMRS pattern is typically based on estimating how fast the channel is changing, which is best done at the UE. This is also consistent with our view that for a Mode-1 transmission, the gNB configures a range of values for parameters like MCS, number of layers, and the UE selects a particular value in range [7]. This way the UE can jointly choose a DMRS pattern and an MCS that match the channel condition.
[bookmark: _Toc21372563][bookmark: _Toc24151471]The UE selects DMRS pattern for Mode-1 transmissions.
Regarding the DMRS sequences, we propose to reuse the pseudo-random sequences of NR PDSCH/PUSCH DMRS for the PSSCH. 
[bookmark: _Toc21372564][bookmark: _Toc5126053][bookmark: _Toc7792933][bookmark: _Toc16857168][bookmark: _Toc24151472]Pseudo-random sequences of NR PDSCH/PUSCH DMRS is used for PSSCH DMRS. 
Therefore, the corresponding procedure of the NR PDSCH DMRS can be used as a starting point for PSSCH DMRS sequence generation. In TS 38.211, the PDSCH DMRS sequence generator is initialized as follows:
	The pseudo-random sequence generator shall be initialized with
[image: ]
where  is the OFDM symbol number within the slot,   is the slot number within a frame, and
-	 are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-DownlinkConfig IE if provided and the PDSCH is scheduled by PDCCH using DCI format 1_1 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI
-	 is given by the higher-layer parameter scramblingID0 in the DMRS-DownlinkConfig IE if provided and the PDSCH is scheduled by PDCCH using DCI format 1_0 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI;
-	 otherwise;
The quantity  is given by the DM-RS sequence initialization field, in the DCI associated with the PDSCH transmission if DCI format 1_1 in [4, TS 38.212] is used, otherwise .



It is clear that to reuse the above formula for the PSSCH, one needs to at least replace N_ID with a quantity that works for sidelink both in-coverage and out-of-coverage. As indicated in Section 3.2, in LTE SL for V2X, the CRC of the PSCCH was used to signal the DMRS sequence of the PSSCH. This is to ensure a randomization of the chosen DMRS sequences by the UEs, thereby reducing the probability of using the same DMRS sequence for overlapping transmissions. In our view, such a mechanism is also useful in NR SL. As such, for NR SL, it is tempting to replace the  in the above formula with the 16 LSB bits of CRC of the PSCCH (only 16 bits out of 24 bits can be used because the length of ). However, it can be shown (e.g., in [13]) that the above formula of  limits the choice  pairs such that the correlation of the corresponding sequences is not persistently bad over time. Additionally, the problem would be worsened if we truncate the PSCCH CRC to 16 bits. Therefore, in our view, it is better to use a new formula for  for the SL, which ensures better cross-correlation properties of sequences. To this end, we propose to use the following formula 

where [image: ] is the OFDM symbol number within the slot,   is the slot number within a frame,  equals the decimal representation of the PSCCH CRC (no truncation), Y is an odd-value integer number less than or equal to , and Z is an odd-value integer number less than or equal to .
[bookmark: _Toc21372565][bookmark: _Toc24151473]The sequence generator of PSSCH DMRS is initialized in the same way as that of PDSCH DMRS, with  , where  equals the decimal representation of the PSCCH CRC,  is an odd-value integer number less than or equal to , and Z is an odd-value integer number less than or equal to . 
The next question is whether the SL supports both single-symbol and double-symbol types of DMRS as in NR Rel-15. As can be seen in our simulation results later in this section, the single-symbol type with a reasonable DMRS density in time domain can support channel estimation at very high speeds. Therefore, only single-symbol type is needed. 
[bookmark: _Toc7792934][bookmark: _Toc16857169][bookmark: _Toc21372566][bookmark: _Toc24151474]NR SL supports only single-symbol type of DMRS.
Regarding DMRS port multiplexing, our view is that NR SL should support the same types of multiplexing as in NR Uu. That means both CDM-based and FDM-based DMRS ports multiplexing shall be supported. Note that although Rel-16 only targets maximum 2 layers of PSSCH, it is likely that in future releases more than 2 layers will be needed. Therefore, allowing both CDM and FDM multiplexing ensures a future-proof design.
[bookmark: _Toc16857170][bookmark: _Ref21011885][bookmark: _Toc21372567][bookmark: _Toc24151475]NR SL supports CDM-based and FDM-based DMRS port multiplexing.
[bookmark: _Toc21372541][bookmark: _Toc24150734]A maximum of 4 PSSCH DMRS ports are supported by Proposal 21 and Proposal 28. Furthermore, the DMRS port mapping specified for PDSCH in TS 38.211 Table 7.4.1.1.2-1 is valid and reusable for PSSCH DMRS.
In the following, we elaborate on our DMRS pattern design.
In RAN1#97 there were some discussions on which starting point to be used when designing DMRS pattern: NR PDSCH DMRS pattern or LTE V2X DMRS pattern. In our view the latter is more suitable because it took into account the AGC-settling symbol and the GP (which do not exist in PDSCH). Moreover, LTE V2X DMRS pattern was shown to maintain good link performance at very high speed (up to 500km/h relative speed) and at subcarrier spacing of 15 kHz in LTE V2X. 
Our design goals are:
· Maximizing DMRS alignment across subchannels. This is beneficial for the channel estimation since the receiver can perform an averaging over a larger bandwidth.
· Regarding multiple DMRS patterns in the time domain, the number of aligned DMRS symbols between two DMRS patterns should be maximized to minimize potential adverse impact of data-DMRS collision. 
Based on the above analysis, we consider the DMRS patterns shown in Figure 3 for NR SL V2X, with some remarks:
· The figure only shows the positions of the DMRS symbols. In those symbols the DMRS can be FMDed with data, as stated in Proposal 21.
· We consider 3 cases, corresponding to one, two, or three OFDM symbols (OS) used for the PSCCH (see Section 3.1), respectively. The PSCCH is mapped to only the first subchannel of a transmission (as discussed in Section 3.1). For the 2-OS PSCCH case, four DMRS symbols are needed in the first subchannel to maintain a good channel estimation quality. 
· For a subchannel without PSCCH, the DMRS pattern is the same as that of LTE V2X.
· We expect that 3 last symbols in the slot will be needed for PSFCH (including TX-RX switching time, AGC) when the PSFCH is present in the slot. In that case, the last DMRS symbol in the DMRS patterns can be punctured.
· For each pattern shown in the figure, one can derive a low-density version by removing one or two inner DMRS symbols.

[image: ]
[bookmark: _Ref16601912]Figure 3. DMRS patterns for NR SL, for 3 different cases. Note: in a DMRS symbol the DMRS can be FDMed with data (e.g., comb-2).
Next, we will present some link-level numerical evaluations of the DMRS pattern for the 2-OS PSCCH case in Figure 3. Our simulations are performed by fixing the payload and rate-matching to the available PSSCH data resource elements. The simulation assumptions are listed in Table 4 in Appendix A.2.
	[image: ]
[bookmark: _Ref16688460]Figure 4: BLER in Highway LoS and NLoS-V @ (60, 180) km/h
	[image: ]
[bookmark: _Ref16688469]Figure 5: BLER in Highway LoS and NloS-V @ (120, -120) km/h


Figure 4 and Figure 5 show the BLER vs. SNR performance for the Highway LoS and NLoS-V channels with (Tx, Rx) speeds of (60 km/h, 180 km/h) and (120 km/h, -120 km/h), respectively. Fixed transport block size (TBS) of [300, 800] bytes are simulated using [16-QAM, 64-QAM] modulation, respectively, resulting in code rates of [0.463, 0.823], respectively. From the simulation results we can conclude that the DMRS pattern used in the evaluation can provide good link-level performance at challenging channel conditions and high MCS. The same conclusion applies to the other case shown in Figure 3 (results are not shown here). 
We summarize our proposed DMRS patterns in Table 2, which include the patterns shown in Figure 3 and their low-density versions, obtained by removing one or two inner DMRS symbols of the original patterns. Note that only 1 bit in the SCI is required to indicate which pattern is being used for a PSSCH transmission. This is because before decoding a PSSCH, the RX UE already knows whether the slot contains PSFCH or not and how many symbols are there for the PSCCH (a RAN1 agreement).


[bookmark: _Ref16759634][bookmark: _Ref21334233][bookmark: _Ref23946516]Table 2: DMRS patterns for NR PSSCH
	Number of PSCCH symbols
	DMRS pattern index
	PSFCH present?
	DMRS indices in PSSCH’s first subchannel 
	DMRS indices in PSSCH’s subsequent subchannels

	
	
	
	First OFDM symbol has index 0

	1
	0 (dense DMRS)
	No
	[2, 5, 8, 11]
	[2, 5, 8, 11]

	
	
	Yes
	[2, 5, 8]
	[2, 5, 8]

	
	1 (sparse DMRS)
	No
	[2, 11]
	[2, 11]

	
	
	Yes
	[2, 8]
	[2, 8]

	2
	0 (dense DMRS)
	No
	[3, 5, 8, 11]
	[2, 5, 8, 11]

	
	
	Yes
	[3, 5, 8]
	[2, 5, 8]

	
	1 (sparse DMRS)
	No
	[3, 11]
	[2, 11]

	
	
	Yes
	[3, 8]
	[2, 8]

	3

	0 (dense DMRS)
	No
	[5, 8, 11]
	[2, 5, 8, 11]

	
	
	Yes
	[5, 8]
	[2, 5, 8]

	
	1 (sparse DMRS)
	No
	[5, 11]
	[2, 11]

	
	
	Yes
	[5, 8]
	[2, 8]



[bookmark: _Toc16857171][bookmark: _Toc21372568][bookmark: _Toc24151476]NR SL supports the DMRS patterns shown in Table 2. Support one dense pattern and its sparse counterpart in the same resource pool (indexed 0 and 1, respectively, in the table).
6.4 	PHY structure for the 2nd stage of SCI
In RAN1#98bis, the following were agreed
	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



In our view, there is no clear gain of interlacing the REs carrying 2nd stage SCI with the REs carrying data. On the contrary, mapping SCI2 to the first few symbols of the PSSCH allocation can streamline the decoding process and allow for early decoding of 2nd stage SCI. Furthermore, we also believe that restricting the mapping of 2nd stage SCI to the same subchannel as used for PSCCH is the most logical choice, making the mapping independent of the number of subchannels allocated for PSSCH.
[bookmark: _Toc24151477]2nd stage SCI is mapped onto REs in the sub-channel carrying PSCCH only and is not interlaced with REs carrying data (Alt 1-1).
Although the 2nd stage SCI is carried in the resources of the corresponding PSSCH, the scrambling is performed separately. In the same design spirit, which avoids unnecessary inter-dependency between the 2nd stage SCI and the PSSCH, the modulation order of the 2nd stage SCI can be fixed to QPSK. 
[bookmark: _Toc21372547][bookmark: _Toc24151478]The 2nd-stage SCI uses a fixed modulation (QPSK).
To secure reliable reception of the 2nd stage SCI in a scenario of multi-rank PSSCH transmission, a good design of the layer mapping of control information is crucial. Needless to say; unlike for PSSCH, 2nd-stage SCI does not have any retransmissions to fall back on, so all information carried in the transmission could be lost if multi-layer interference significantly affects 2nd stage SCI. This is of even greater importance if future releases would target high capacity, high rank transmissions. In some scenarios, reduced code rate may be sufficient to handle the inter layer interference, while in others resorting to single layer mapping and power boosting of 2nd stage SCI is required. Further studies are needed, but not allowed given the time schedule of Rel-16. 
[bookmark: _Toc24151479]Support configurability of the layer mapping of the 2nd stage SCI for multi-layer PSSCH transmissions. 
When it comes to the code rates, 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. For simplicity, we propose to reuse target code rates from MCS index table 2 for PDSCH in [12], at least for Rel-16. The four lowest target code rates would, for an SCI payload of 42 bits (for groupcast as given by Table 1), result in the number of REs found in Table 3. We believe it could be suitable to specify the use of index 0 and 2 for Rel-16.
[bookmark: _Ref23931021][bookmark: _Ref23930999]Table 3: Target code rates from MCS index table 2 for PDSCH and resulting number of REs for a payload of 42 bits and an CRC length of 24 bits.
	Target core Rate R x [1024]
	Number of REs (assuming QPSK) 
M = ceil(N*R/2), with N being the sum of payload and CRC bits (42+24)

	120
	282

	193
	176

	308
	110

	449
	76



[bookmark: _Toc24151480]Support four different target code rates for 2nd-stage SCI, with two code rates specified in Rel-16 (values are taken from MCS index table 2 for PDSCH.)
Furthermore, to allow for a future proof design, 2 bits can be reserved in the 1st stage SCI to indicate different payload sizes of the 2nd stage SCI. For Rel-16, based on the analysis in Table 1 we propose specifying two different payload sizes; one for groupcast and one for uni- and broadcast. Appropriate numbers would be 42 and 26 bits, respectively. Additional sizes can be specified in future releases. 
[bookmark: _Toc21372552][bookmark: _Toc24151481]Support multiple formats/sizes of the 2nd stage SCI are specified in Rel-16; one for groupcast and one for unicast and broadcast.
6.5	Single-subchannel initial transmission
The use of initial transmissions using a single subchannel is currently under discussion. In [98b-NR-14], the following was agreed:
	Agreements: 
· Support at least an initial transmission and reservation of the resource(s) for retransmission(s) to have the same number of sub-channels
· To down-select in the early week of RAN1#99 one of the following: 
· Alt. 1-1: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for retransmission(s) of a TB with a larger number of sub-channels, where PSSCH REs are occupied by 2nd stage SCI and by SCH 
· 1 bit indication is carried in 1st stage SCI to distinguish the single sub-channel
· TBS is determined based on number of sub-channels indicated for reserved resource(s)
· RV is determined based on explicit field in 2nd stage SCI (as agreed)
· Alt. 1-2: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for the initial transmission and possibly retransmission(s) of a TB with a larger number of sub-channels, where all available PSSCH REs in the single sub-channel PSCCH+PSSCH are occupied only by 2nd stage SCI 
· 1st stage SCI indicates that PSSCH REs are occupied by 2nd stage SCI
· Alt. 2: Do not support the different number of sub-channels between initial transmission and reservation of resource(s) for retransmission(s) 
· Alt 1 is not supported in this case
· Companies are encouraged to provide more analysis and evaluations for the above 3 alternatives



Our view is that Alt. 1-1 provides the most benefits, as we have shown in [3], where we also discuss the resource allocation aspects. In this section we describe the corresponding signaling details.
Regarding PSCCH, there is no difference to any other transmission, except that 1 bit in 1st stage SCI indicates that the transmission is restricted to single sub-channel. That is, PSSCH is generated and mapped onto the sub-channel following the existing agreements.
For PSSCH, in our view:
· 2nd stage SCI is generated and mapped onto REs assuming that a single sub-channel is used for transmission. 
· Regarding the TB:
· It is generated using the MCS and RV values signaled in SCI assuming that the allocation signaled for the first reservation is used.
· It is mapped on the remaining REs until they are exhausted. The remaining part of PSSCH is not transmitted.
In Figure 6, we illustrate a transmission spanning multiple sub-channels (left) and the corresponding transmission spanning a single sub-channel (right) and the relationship between them (i.e., how to build the latter from the former).
[image: ]
[bookmark: _Ref23794728]Figure 6. Relationship between a multi subchannel transmission (left) and the corresponding single subchannel transmission (right).
[bookmark: _Toc24151482]For single-subchannel transmission for initial transmission:
· [bookmark: _Toc24151483]PSCCH generation is generated and mapped onto the single sub-channel as per existing agreements.
· [bookmark: _Toc24151484]1 bit in 1st stage SCI indicates that the transmission is restricted to single sub-channel.
· [bookmark: _Toc24151485]PSSCH generation and mapping:
· [bookmark: _Toc24151486]2nd stage SCI is generated and mapped onto REs using the format indicated in 1st stage SCI and a single-subchannel.
· [bookmark: _Toc24151487]TB is generated using the MCS and RV values signaled in SCI (2nd stage) and the multi-subchannel allocation (signaled in 1st stage SCI as part of the allocation corresponding to the first reservation). The coded symbols are mapped onto the remaining PSSCH REs until they are exhausted. The remaining coded symbols are included in the initial transmission.
To conclude this section, we observe that supporting Alt. 1-2 does not require other effort than taking the format for the 2nd stage with lowest coding rate or defining a new one with sufficiently low coding rate.
6.6	Scrambling of the 2nd-stage SCI and of the 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 replaced it by the CRC of the associated PSCCH.
·  can be (pre)configured per pool.
· Finally, for simplicity, we propose that the same  is used for the 2nd-stage SCI and the PSSCH. 
[bookmark: _Toc24151488]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 and  (pre)configured per pool.
Finally, regarding CRC scrambling for the 2nd stage SCI, we refer to our analysis and proposal in Section 3.2. 
6.7	Rate matching capabilities
Given the TBS considered for V2X and the cost in terms of buffer size, we propose to use LBRM only.
[bookmark: _Toc24151489]For PSSCH, only LBRM is supported.
7	Sidelink CSI-RS design
RAN1#98bis made the following agreement regarding physical format of the SL CSI-RS:
	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



Regarding the first FFS in the above agreement, since the signaling by SCI is precluded, we believe it is most efficient to have the one pattern (pre)configured per each resource pool. 
[bookmark: _Toc24151490]All UEs in a pool use the same SL CSI-RS pattern which is (pre)configured for that pool (the pattern is one of the patterns pre-defined by spec.)
Regarding the detailed design of the SL CSI-RS patterns, we believe that to achieve good resource efficiency, the SL CSI-RS REs should be FDMed with data or DMRS REs. Furthermore, in our view, the design of SL CSI-RS should keep the total overhead of DMRS and SL CSI-RS minimal. 
[bookmark: _Toc24151491]SL CSI-RS REs are FMDed with data and/or DMRS. 
With the above design target, we prefer to have CSI-RS occupy only one OFDM symbol in the PSSCH resources and only one SL CSI-RS pattern in an RB. As for number of CSI-RS ports, given maximum 2 layers of PSSCH transmission, up to 2 CSI-RS ports can be supported. As such, it is simplest to reuse one of the low-density pattern for CSI-RS of NR Uu. We propose to use row 2 and row 3 in Table 7.4.1.5.3-1 of TS 38.211 (figure below) with the following modification:
· Only support one density 
·  and is pre(configured) per pool, such that  avoids symbols that can have PSFCH resources. 
[image: ]
[bookmark: _Toc24151492]The subset of possible SL CSI-RS patterns is derived by reusing row 2 and row 3 of Table 7.4.1.5.3-1 of TS 38.211 with the following simplifications: 
· Only support one density 
·  and are pre(configured) per pool, such that  avoids symbols that can have PSFCH resources. This configuration determines which pattern to be used.

In TS38.211 the CSI-RS sequence for NR Uu is generated by the following procedure
	
The UE shall assume the reference-signal sequence  is defined by



where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialised with



at the start of each OFDM symbol where  is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  equals the higher-layer parameter scramblingID or sequenceGenerationConfig.



Although the same procedure can be used to generate SL CSI-RS (with some modification), but as discussed in Section 6.2 (DMRS design for PSSCH), the formula has certain disadvantages. Therefore, as with sequence generation for PSSCH DMRS, we propose the following formula:

where [image: ] is the OFDM symbol number within the slot,   is the slot number within a frame,  equals the decimal representation of the L1 ID of the TX UE, Y is an odd-value integer number less than or equal to , and Z is an odd-value integer number less than or equal to .
[bookmark: _Toc24151493]The sequence generator of SL CSI-RS is initialized in the same way as that of NR Uu CSI-RS, with  , where  equals the decimal representation of the L1 ID of the TX UE,  is an odd-value integer number less than or equal to , and Z is an odd-value integer number less than or equal to . 
8	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. Without this, extra signalling is required for those Rx UE which cannot support 256QAM, which should be avoided since vehicle UEs can move across different geographical areas with different pool configurations.
[bookmark: _Toc24151494]Support of 256 QAM is mandatory from Rx UE perspective.
Regarding the remaining FFS on the signalling 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: _Toc24151495]Do not support MCS table to be overwritten by PC5 RRC.
[bookmark: _Toc24151496]The MCS table selected by the Tx UE is signaled in the 2nd-stage SCI. 
9	Conclusion
In the previous sections we made the following observations: 
Observation 1	Due to broadcast nature of V2X communication, UEs should operate on common SL- BWP.
Observation 2	It cannot be assumed that SL-BWP uses the same frequency allocation and/or bandwidth as that of Uu-BWP. RAN4 discusses the interruption times related to BWP switching and/or re-configuration.
Observation 3	Smaller subchannel sizes than 10 PRBs can lead to NR PSCCH performance being much worse than that of LTE.
Observation 4	Selecting PSCCH sizes (X) from the allowed subchannel sizes (N) enables performance optimization for all valid combinations of X and N.
Observation 5	CRC of the 2nd stage SCI cannot be scrambled with UE source ID as an RX UE cannot know about it beforehand.
Observation 6	A maximum of 4 PSSCH DMRS ports are supported by Proposal 21 and Proposal 28. Furthermore, the DMRS port mapping specified for PDSCH in TS 38.211 Table 7.4.1.1.2-1 is valid and reusable for PSSCH DMRS.


Based on the discussion in the previous sections we propose the following:
[bookmark: _GoBack]Proposal 1	SL-BWP is (pre-)configured in a cell-specific manner.
Proposal 2	SL BWP and resource pools are defined on cell-specific UL resources (i.e., those configured through SIB signaling).
Proposal 3	Use Alt .1 in RAN1#98bis for resource pool determination: Slots for a resource pool are (pre-)configured with a bitmap, which is applied with periodicity. Details up to RAN2.
Proposal 4	The set of slots that may belong to PSCCH/PSSCH include all the slots except those which are configured with SLSS resource and those containing downlink or X symbols. FFS reserved slots based on discussion on reservations in resource allocation AI.
Proposal 5	Do not support subchannels with size smaller than 10 PRBs.
Proposal 6	Support PSCCH size X in the set of {10, 15, 20, 25, 50} PRBs.
Proposal 7	Support 1 symbol, besides 2 or 3 symbols, for PSCCH in Rel-16.
Proposal 8	Only support the lowest PRB of a PSCCH to be the same as lowest PRB of the corresponding PSSCH.
Proposal 9	CRC scrambling is neither used for PSCCH nor for 2nd stage SCI.
Proposal 10	CRC of the PSCCH implicitly indicates the DMRS sequence of PSSCH.
Proposal 11	Confirm working assumption that every symbol of PSCCH has PSCCH DMRS REs.
Proposal 12	The sequence generator of PSCCH DMRS makes use of the sequence generator of PDCCH DMRS with N_{ID} replaced by an ID (pre)configured for each resource pool.
Proposal 13	RAN1 define OCCs for PSCCH DMRS. Tx UE randomly selects one of the possible OCCs and applies it to PSCCH DMRS
Proposal 14	Scrambling of PSCCH reuses the procedure for scrambling PDCCH, with c_init (pre-)configurable per pool.
Proposal 15	For the sequence-based PSFCH format with one symbol (not including AGC training period) and for all PSFCH resource periodicities (i.e., N=1,2,4): the sequence occupies one RB and carries one bit of HARQ feedback.
Proposal 16	For the sequence-based PSFCH format with one symbol (excluding AGC), support repeating the symbol for AGC handling purpose.
Proposal 17	Do not support new PSFCH formats in release 16 (e.g., like PUCCH format 2, PSFCH spanning all symbols in a slot, etc.).
Proposal 18	For PSFCH sequence generation, the procedure of PUCCH format 0 sequence generation is reused with the following modifications:
a.	The sequence group u and the sequence number v are determined as for pucch-GroupHopping ‘neither’ with nID set equal to the L1 source ID of the TX UE.
b.	For cyclic-shift determination:
i.	m0 is (pre-)configured per resource pool.
ii.	nID is set equal to the L1 source ID of the TX UE for unicast and groupcast option 1 and equal to the L1 source ID of the RX UE for groupcast option 2.
Proposal 19	In a sidelink slot, one OFDM symbol is left empty as guard period after a PSSCH transmission and/or after the last configured PSFCH resource in the slot, if any.
Proposal 20	On the first OFDM symbol of a slot for SL (the AGC settling symbol), every other subcarrier is used for PSSCH (including DMRS), the remaining subcarriers are set to zero.
Proposal 21	Support a single DMRS pattern in frequency domain for PSSCH, where the PDSCH DMRS Configuration type 1 is reused.
Proposal 22	Maximum 2 DMRS patterns are (pre-)configured for a pool, one of high density and one of low density (in time domain).
Proposal 23	The indication bit signaling the DMRS pattern is included in the SCI and is set to the correct (fixed) value when there is a single DMRS pattern configured for the resource pool.
Proposal 24	The UE selects DMRS pattern for Mode-1 transmissions.
Proposal 25	Pseudo-random sequences of NR PDSCH/PUSCH DMRS is used for PSSCH DMRS.
Proposal 26	The sequence generator of PSSCH DMRS is initialized in the same way as that of PDSCH DMRS, with  , where  equals the decimal representation of the PSCCH CRC,  is an odd-value integer number less than or equal to , and Z is an odd-value integer number less than or equal to .
Proposal 27	NR SL supports only single-symbol type of DMRS.
Proposal 28	NR SL supports CDM-based and FDM-based DMRS port multiplexing.
Proposal 29	NR SL supports the DMRS patterns shown in Table 2. Support one dense pattern and its sparse counterpart in the same resource pool (indexed 0 and 1, respectively, in the table).
Proposal 30	2nd stage SCI is mapped onto REs in the sub-channel carrying PSCCH only and is not interlaced with REs carrying data (Alt 1-1).
Proposal 31	The 2nd-stage SCI uses a fixed modulation (QPSK).
Proposal 32	Support configurability of the layer mapping of the 2nd stage SCI for multi-layer PSSCH transmissions.
Proposal 33	Support four different target code rates for 2nd-stage SCI, with two code rates specified in Rel-16 (values are taken from MCS index table 2 for PDSCH.)
Proposal 34	Support multiple formats/sizes of the 2nd stage SCI are specified in Rel-16; one for groupcast and one for unicast and broadcast.
Proposal 35	For single-subchannel transmission for initial transmission:
-	PSCCH generation is generated and mapped onto the single sub-channel as per existing agreements.
o	1 bit in 1st stage SCI indicates that the transmission is restricted to single sub-channel.
-	PSSCH generation and mapping:
o	2nd stage SCI is generated and mapped onto REs using the format indicated in 1st stage SCI and a single-subchannel.
o	TB is generated using the MCS and RV values signaled in SCI (2nd stage) and the multi-subchannel allocation (signaled in 1st stage SCI as part of the allocation corresponding to the first reservation). The coded symbols are mapped onto the remaining PSSCH REs until they are exhausted. The remaining coded symbols are included in the initial transmission.
Proposal 36	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 and  (pre)configured per pool.
Proposal 37	For PSSCH, only LBRM is supported.
Proposal 38	All UEs in a pool use the same SL CSI-RS pattern which is (pre)configured for that pool (the pattern is one of the patterns pre-defined by spec.)
Proposal 39	SL CSI-RS REs are FMDed with data and/or DMRS.
Proposal 40	The subset of possible SL CSI-RS patterns is derived by reusing row 2 and row 3 of Table 7.4.1.5.3-1 of TS 38.211 with the following simplifications:
Proposal 41	The sequence generator of SL CSI-RS is initialized in the same way as that of NR Uu CSI-RS, with  , where  equals the decimal representation of the L1 ID of the TX UE,  is an odd-value integer number less than or equal to , and Z is an odd-value integer number less than or equal to .
Proposal 42	Support of 256 QAM is mandatory from Rx UE perspective.
Proposal 43	Do not support MCS table to be overwritten by PC5 RRC.
Proposal 44	The MCS table selected by the Tx UE is signaled in the 2nd-stage SCI.
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Appendix
A.1  	Simulation settings for PSCCH evaluations
	Parameter
	Value

	Carrier frequency
	6 GHz

	Sub-carrier spacing
	30 kHz

	System bandwidth
	40 MHz (106 PRBs)

	Channel model
	TR 37.885 V2V CDL:
Urban LOS, Urban NLOS

	Vehicle speed
	Urban NLOS [60, -60] km/h, and Urban LOS [3, -3] km/h

	Antenna configuration
	1 dual-polarized antenna (fixed precoder)

	Modulation order
	QPSK

	Codec
	Polar encoder, CRC aided, with 24 CRC bits (per stage)

	Payload bits
	56 (excl. CRC bits)

	Subchannel size
	4, 5, 6, 10 PRBs

	PSCCH symbols
	2,3 

	DMRS 
	4-comb, present in all symbols, but only in RBs allocated for PSCCH 

	Channel estimation
	Practical MMSE

	Receiver type
	MMSE

	Length of simulation
	30k slots



A.2 	Simulation settings for PSSCH evaluations
[bookmark: _Ref16610341][bookmark: _Ref528937019]Table 4: Simulation parameters for PSSCH DMRS pattern evaluation
	Parameter
	Value

	Carrier frequency
	6 GHz

	Sub-carrier spacing
	30 kHz

	System bandwidth
	10 MHz (26 PRBs)

	Allocation
	12 RBs

	Subchannel size
	6 RBs

	PSCCH symbols
	2

	Channel model
	TR 37.885 V2V CDL: Highway LOS, Highway NLOS V

	Vehicle speed
	[Tx in km/h, Rx in km/h]: {[60, 180], [120,-120]}

	Antenna configuration
	1 dual-polarized antenna (fixed precoder)

	Modulation order
	16-QAM, 64-QAM

	Codec
	LDPC

	Payload
	300 Byte, 800 Byte

	DMRS 
	Pattern in Figure 3

	Number of retransmissions
	0

	Channel estimation
	Practical LMMSE

	Receiver type
	MMSE

	Length of simulation
	40000 slots





A.3  	Simulation settings for AGC evaluations

Table 5: Slot and receiver configurations for AGC
	Data
PSCCH 
DMRS
AGC Preamble 


	Configuration
	Description

	[image: ]
A) Data on OS1 with Genie AGC 
B) Punctured OS1
	1) No provision in made for AGC and OFDM symbol (OS) 1 carries data
2) A receiver with Genie AGC (Configuration A) uses the OS 1 for demodulation and decoding of data
3) A receiver with Practical AGC (Configuration B) uses the OS 1 for AGC operation and we consider a worst-case scenario where the OS 1 is not used for decoding the data. This is equivalent to puncturing the coded bits that are carried by OS 1.
4) Duration allowed for AGC operation = 1 OS duration.
Nrof Data REs per PRB = 108

	[image: ]
C) AGC preamble on OS1
	1) OS 1 carries a dedicated AGC preamble to aid the receiver in AGC operation. Dedicated AGC preamble reduces the number of REs available for mapping data
2) Duration allowed for AGC operation = 1 OS duration.
Nrof Data REs per PRB = 96

	[image: ]
D) IFDM of Data on OS1
	1) OS 1 carries data on alternating subcarriers (IFDM) and the remaining subcarriers are unused.
2) The IFDM structure results in an OS with two repeated identical copies. At the receiver, the first copy is used for AGC operations and the second copy is used for demodulation and decoding of data [8]. 
3) The data REs on OS 1 are power boosted by a factor of 3 dB.
4) Duration allowed for AGC operation = 0.5 x OS duration.
Nrof Data REs per PRB = 102







Table 6: Simulation settings for the evaluation of AGC configurations
	Parameter
	Value

	Carrier frequency
	6 GHz

	Sub-carrier spacing
	30 kHz

	System bandwidth
	10 MHz (26 PRBs)

	Channel model
	CDL-based V2V channels in TR 37.885: 
Highway NLoSv

	Vehicle speed
	60 km/h

	Number of Tx antennas
	2 (one dual-polarized)

	Number of Rx antennas 
	2 (one dual-polarized)

	Packet sizes
	300 bytes
	1000 bytes

	Modulation order
	QPSK
	16-QAM

	LDPC code rate
	Variable
	Variable

	HARQ retransmissions
	0 or 1

	Channel estimation
	Non-ideal (with genie-aided Doppler knowledge)

	Receiver type
	MRC
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