3GPP TSG RAN WG1 #98bis			R1-1910005
Chongqing, China, October 14th – 20th, 2019

Source:	Spreadtrum Communications
Title:	Discussion on physical layer structure for sidelink
Agenda item:	7.2.4.1
[bookmark: DocumentFor]Document for:	Discussion and Decision
1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This contribution discusses some issues related to sidelink (SL) physical layer structure, based on the current 3GPP progress, including reference signals, SL bandwidth part (BWP), resource pool, physical SL channels, etc.
2 Reference signals
2.1 DMRS for PSSCH
In RAN1 #98 meeting, PSSCH DMRS has been discussed, and the following working assumption was achieved. 
	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



Frequency-domain pattern of PSSCH DMRS
For the two Rel-15 PDSCH DMRS configuration types, DMRS configuration type 1 supports up to 8 antenna ports and mainly conquers severe frequency selective fading, while DMRS configuration type 2 focuses on MU-MIMO with maximum 12 antenna ports supported. Supporting only one of the frequency-domain patterns can save signaling overhead. As MU-MIMO is not a main target in NR Rel-16 V2X, we suggest that support only configuration type 1.
Proposal 1: Only Rel-15 PDSCH DMRS configuration type 1 is reused for frequency-domain pattern of PSSCH DMRS.
Time-domain pattern of PSSCH DMRS
As agreed in RAN1#98, one or more PSSCH-DMRS patterns can be configured for a resource pool. In case of Mode-2, the method of choosing PSSCH-DMRS pattern can be fully relied on implementation. For example, UE can make decision based on parameters like speed/SCS/CQI etc. There is no need to specify which parameter(s) could be utilized for determination of PSSCH-DMRS pattern, nor how to use these parameters. Besides, for the special case with only one PSSCH-DMRS pattern for a resource pool, the related indication field should no longer exist for reducing signaling overhead.
In Mode-1, we generally have 2 basic options for the choice of PSSCH-DMRS pattern:
[bookmark: OLE_LINK6][bookmark: OLE_LINK9]Option-1: gNB determimes the PSSCH-DMRS pattern, and conveys this information via DCI (further conveyed in SCI)
· Pro: gNB can have a global optimized scheduling strategy which could well handle different UE’s transmission in spatial domain, and can be beneficial for reducing mutual interference.
· Con: As CSI report to gNB is not supported in Rel-16, gNB may have difficulty to determine PSSCH-DMRS pattern. Latency due to the round-trip information exchange between gNB and Tx-UE; 
Option-2: Tx-UE determines the PSSCH-DMRS pattern, and convey this information via SCI
· Pro: less latency; less overhead in DCI (field related to sidelink PSSCH-DMRS pattern can be saved)；Suitable in Rel-16 for no CSI report transmitted to gNB, and FFS in Rel-17 when supported.
· Con: Local optimized choice of PSSCH-DMRS pattern.
From our perspective, option-2 should be supported in Rel-16 and option-1 is left to be FFS.
Proposal 2: No need to specify which kind of parameter(s) can be used for determining sidelink PSSCH-DMRS pattern.
Proposal 3: In Rel-16, sidelink UE can itself determine PSSCH-DMRS pattern. FFS whether gNB can determine PSSCH-DMRS pattern in Rel-17.
2.2 DMRS for PSCCH
In Rel-15, the PDCCH DMRS has experienced extensive discussions and detailed design. To simplify specification work and avoid repeated discussions, the PDCCH DMRS can be the baseline of PSCCH DMRS design. 
Frequency-domain pattern of PSCCH DMRS
For frequency domain pattern of PSCCH DMRS, it is better to reuse the frequency domain pattern of Rel-15 NR PDCCH DMRS, as shown in Figure 1. In Figure 1, DMRS is evenly distributed within a one resource block (RB) during one OFDM symbol, and DMRS REs are #1, #5, #9 (starts from #0). DMRS density is 1/4, for both extended CP and normal CP.


Figure 1. Frequency-domain pattern of PSCCH DMRS
Time-domain pattern of PSCCH DMRS
For time domain pattern of PSCCH DMRS, if the number of symbols for PSCCH is up to 3 OFDM symbols, it is better to reuse the time-domain pattern of Rel-15 NR PDCCH DMRS, i.e., DMRS is mapped on all the OFDM symbols of a given PSCCH candidate. It is still under discussion whether to support other lengths of PSCCH, such as more than 7, less than [x], and so on. If the number of symbols for PSCCH is more than 3 OFDM symbols, it may not be suitable to reuse the time-domain pattern of Rel-15 NR PDCCH DMRS, due to the large overhead and uncertain performance gain. Before discussing the time domain pattern of DMRS for long PSCCH, the necessity of supporting more than 3 OFDM symbols for PSCCH needs to be discussed firstly. 
Proposal 4:
· For frequency domain pattern of PSCCH DMRS, reuse the frequency domain pattern of Rel-15 NR PDCCH DMRS.
· For time domain pattern of PSCCH DMRS, 
· If the number of symbols for PSCCH is up to 3 OFDM symbols, reuse the time domain pattern of Rel-15 NR PDCCH DMRS, i.e., DMRS is mapped on all the OFDM symbols of a given PSCCH candidate.
· FFS other cases.
2.3 PT-RS
In RP#85, the following conclusion was noted:
	conclusion: no downscoping of the WI; RAN guidance to RAN1: it is expected that RAN1 will reuse Uu CP-OFDM 
uplink PT-RS for FR2 sidelink PT-RS; general guidance: RAN1 should complete by Dec. and try to reuse existing functionality


We also believe Uu CP-OFDM uplink PT-RS is a good start point for sidelink PT-RS. Besides, some rules are defined to deal with the collision of PTRS and DMRS/CORESET in Uu, together with some rate matching issue. However, for sidelink we have some designs different from Uu’s, i.e., 2-stage SCI. Possibly, some rules need to be re-investigated in sidelink.
Proposal 5: Support to reuse Uu CP-OFDM uplink PT-RS, FFS rules for PTRS collision with DMRS/CORESET, i.e., 2-stage SCI case. 
3 SL BWP
In this section, we first analyse the relation between SL (SL) BWP and Uu BWP, and then our considerations on reference point for SL BWP are provided.
SL and Uu share spectrum resources in the same carrier case, considering SL will cause large interferences to Uu downlink (DL), SL is only allowed to be defined in UL (UL) carrier. 
In the following, we analyse the relation between SL BWP and Uu UL BWP for RRC-IDLE and RRC-CONNECTED V2X UEs.
For RRC-CONNECTED V2X UEs, the SL BWP could be configured by RRC signalling. Considering that up to four UL BWPs can be configured, the relation between the SL BWP and multiple configured UL BWPs should be carefully considered. Generally, there are two alternatives regarding to whether switching delay is allowed between the SL BWP and UL active BWP.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Alt. 1 No Switching delay exists between the SL BWP and UL active BWP.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In order to achieve alt.1, both the SL BWP (or transmit resource pools) and UL active BWP should be within UE’s Tx RF bandwidth and the same numerology should be used. As the same numerology has been already agreed, it will be an default assumption in the following discussion. As shown in Figure 3, there can be non-overlapping or overlapping between the SL BWP and UL active BWP. 


Figure 2. No Switching delay exists between the SL BWP and UL active BWP
For non-overlapping scenario as shown in Figure 2 (a), with a given UE’s Tx RF bandwidth, to accommodate the SL BWP, smaller size of UL BWP should be configured, compared with that of the UL BWP in Rel-15. While for overlapping scenario, as shown in Figure 2 (b) and (c), the constraint on UL BWP size could be relaxed a little bit, however, the total bandwidth occupied by UL active BWP and the SL BWP should not exceed UE’s Tx RF bandwidth . Furthermore, UL BWP switching can only happen among the UL BWPs which satisfy the constraints above, otherwise, no UL BWP switching is allowed. Therefore, in alt. 1, whether the constraints on the SL BWP and UL BWP in terms of frequency location and bandwidth is tolerable should be further studied.


Figure 3. Switching delay exists between the SL BWP and UL active BWP switching
Alt.2 Switching delay exists between the SL BWP and UL active BWP.
In this alternative, as shown in Figure 3, either the SL BWP (or transmit resource pools) or the UL active BWP should be within the UE Tx RF bandwidth at given time, and there is no further constraint on SL BWP and UL BWP in terms of frequency location and bandwidth. However, the switching between the SL BWP and UL active BWP is similar to the DCI and timer based UL BWP switching, and the switching delay is bounded by the value as given in the table below [8]:
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	[1]
	[3]

	1
	0.5
	[2]
	[5]

	2
	0.25
	[3]
	[9]

	3
	0.125
	[6]
	[17]



For RRC-IDLE V2X UEs, the SL BWP could be configured by RMSI. There is no UL BWP switching and only initial UL BWP is activated. When consider the relation of SL BWP and initial UL BWP in terms of the frequency location and bandwidth, both alt. 1 and 2 described above could apply. 
There exist several cases requiring switching between the SL and UL transmissions, i.e., a UE may require switching to UL for sending SR and switching back to SL for data transmission in mode 1, or a UE may have data transmissions on both SL and UL, but can only select one to transmit at given time. Therefore, the switching delay in alt.2 may not be acceptable, especially for frequent switching between SL and UL.
Proposal 6: In the same carrier case, for RRC-CONNECTED and RRC-IDLE V2X UEs, support no switching delay between the SL BWP and UL active BWP switching.
In the following, we provide our considerations on reference point for the SL BWP.
In LTE V2X, SL bandwidth is set to UL bandwidth as indicated in SIB2 for in-coverage case, and for out-of-coverage case with the concerned frequency included in v2x-InterFreqInfoList, SL bandwidth is configured by SIB21 or RRC signaling, while for other cases, a preconfigured value is applied. When a UE obtains SL bandwidth, it knows both the size and the frequency location of SL bandwidth. Furthermore, SL bandwidth will be also indicated via SL MIB , and when a UE selects another UE as synchronization source, it will set its SL bandwidth to the value as indicated by the received SL MIB. According to this, the UEs with same synchronization source share the same SL bandwidth. Then, when the UE receives SCI with frequency allocation of PSSCH included, it’s able to deciphering RIV regarding to the starting RB of the SL bandwidth.
In NR Uu link, as multiple numerologies are supported, point A is defined for a common reference point for RB grids. For NR Uu DL BWP, ‘point A’ is indicated by a frequency offset in RMSI, which is the offset between point A and the lowest subcarrier of the lowest resource block overlapping with the SS/PBCH block used by the UE for initial cell selection; and for NR Uu UL BWP, ‘point A’ is indicated by an ARFCN. Furthermore, common RB indexing is used to indicate the RB index under each subcarrier spacing, where the center of subcarrier 0 of common RB 0 for a certain subcarrier spacing coincides with ‘point A’. And then, BWP is configured through RIV based on common RB indexing.
Considering NR V2X, SL BWP should be (pre)-configured at a carrier for out-of-coverage UEs, RRC-IDLE UEs, and RRC-CONNECTED UEs. Furthermore, when a UE performs as a synchronization source, the information of SL BWP should be included in SL MIB, similarly as SL bandwidth included in SL MIB in LTE V2X. 
Therefore, in NR V2X, it requires to study how to set the reference point for SL BWP and how to indicate SL BWP in SL MIB. 
In the following, we consider two options for setting and indicating SL BWP:
[bookmark: OLE_LINK1]Option 1: A common reference point is used for SL BWP at a carrier for out-of-coverage UEs, RRC-IDLE UEs and RRC-CONNECTED UEs. 
In option 1, a reference point can be expressed as in ARFCN. When passing SL BWP in SL MIB, a RIV of starting common RB indexing and length for SL BWP can be included. After that a UE receives SL MIB, it is able to identify the frequency location of SL BWP by referring to the common reference point. This provides flexibility to indicate different frequency locations of SL BWP with limited number of bits in MIB. 
Note that, for NR Uu, point A for DL BWP or UL BWP is configured per cell, which means that different cells may have different point A. Therefore, option 1 may have SL BWP and UL BWP using different reference points at a certain cell. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Option 2: The same reference point as UL BWP is used for SL BWP at a carrier for RRC-IDLE UEs and RRC-CONNECTED UEs, while a predefined reference point or BWP starting frequency position is used for out-of-coverage UEs. 
In option 2, for RRC-IDLE UEs and RRC-CONNECTED UEs, the SL BWP uses the same reference point as UL BWP, and thus, no reference point for SL BWP needs to be indicated by RMSI. SL BWP can be configured by using UL point A for RRC-CONNECTED and RRC-IDLE UEs, while for out-of-coverage UEs, it can be preconfigured by using a predefined reference point or using absolute frequency location. 
Furthermore, when passing SL BWP in SL MIB, it may not be possible to indicate the reference point, as quite a few bits may be required. Therefore, the indication scheme for initial DL BWP can be adopted, namely both an offset and BWP length for SL BWP can be included, where the offset represents the frequency gap between the SL BWP starting frequency position and the lowest subcarrier of the lowest resource block overlapping with the SL SS/PBCH block. In this case, possible combinations of offset and BWP length should be defined.
Proposal 7: The following two options for setting and indicating SL BWP in NR V2X should be discussed:
· Option 1: A common reference point is used for SL BWP at a carrier for out-of-coverage UEs, RRC-IDLE UEs and RRC-CONNECTED UEs. 
· Option 2: The same reference point as UL BWP is used for SL BWP at a carrier for RRC-IDLE UEs and RRC-CONNECTED UEs, while a predefined reference point or BWP starting frequency position is used for out-of-coverage UEs. 
4 Resource pool
The following agreements about resource pool have been achieved in previous meetings.
	RAN1 Ad-hoc 1901
Agreements:
· For time domain resources of a resource pool for PSSCH, 
· Support the case where the resource pool consists of non-contiguous time resources
· FFS details including granularity
· For frequency domain resources of a resource pool for PSSCH, 
· Down select following options:
· Option 1: The resource pool always consists of contiguous PRBs
· Option 2: The resource pool can consist of non-contiguous PRBs
RAN1 #96
Agreements:
· For the operation regarding PSSCH, a UE performs either transmission or reception in a slot on a carrier.
· NR sidelink supports for a UE:
· A case where all the symbols in a slot are available for sidelink.
· Another case where only a subset of consecutive symbols in a slot is available for sidelink
· Note: this case is not intended to be used for the ITS spectra, if there is no forward-compatibility issue. Finalize in the WI phase whether there is such an issue or not
· The subset is NOT dynamically indicated to the UE
· FFS the supported slot configuration(s)
· FFS whether/how to operate it in partial coverage scenarios
RAN1 #98
Agreements: 
· In physical layer perspective, a (pre-)configured resource pool can be used for all of unicast, groupcast, and broadcast for a given UE. 
· There is no (pre-)configuration to inform which cast types are used for the resource pool.



4.1 Time domain of resource pool
Regarding to time resources available for sidelink, both the cases of “full” slot and “partial” slot have been agreed in RAN1 #96 meeting. However, the supported slot configurations are still FFS. 
At least UL resources can be used for NR SL. The main issue is whether NR Uu “flexible” resources can be used. If “flexible” slots/symbols are not supported for use of SL, the available number of SL slots/symbols will be limited, especially when NR Uu “DL-flexible-UL” pattern contains many “flexible” symbols, leading to an increased latency of NR V2X services. On the other hand, it is not a good choice to reduce the number of “flexible” symbols in Uu to improve SL performance, since it will impose strict constraints on NR Uu scheduling and deteriorate performance of Uu link. In this sense, support of “flexible” slots/symbols is beneficial. Considering the flexible NR frame structure, we suggest that NR SL slot structure is based on cell specific DL/UL assignment (i.e., tdd-UL-DL-ConfigurationCommon) semi-statically configured. In LTE, 3-bit “tdd-ConfigSL” is included in MIB-SL-V2X to indicate UL/DL subframe configuration where all of the seven LTE uplink-downlink configurations plus FDD UL can be covered. Similarly, the configuration information in tdd-UL-DL-ConfigurationCommon can be indicated to the UE(s) by SL MIB or SL SIB or PC5 RRC. 
Proposal 8: NR supports SL transmission/reception in cell-specific “UL” and “flexible” resources based on tdd-UL-DL-ConfigurationCommon.
Regarding the time domain granularity of resource pool configuration, at least slot granularity should be supported for both dedicated carrier and licensed carrier. For licensed carrier, considering self-contained slot structure in NR Uu and inevitable TDM between SL and UL, partial slot granularity should be also supported. 
Proposal 9: 
· Regarding the time domain granularity of resource pool configuration,
· For licensed carrier, both partial slot and full slot granularity are supported.
· For dedicated SL carrier, at least full slot granularity is supported.
Furthermore, the resource pool configuration of time domain resources could use the bitmap indication manner in LTE V2X as a starting point. Here, we consider slot-level bitmap indication. 
For slot-level bitmap indication, in a bitmap, a bit “1” means that the corresponding slot is included in the resource pool. Specifically, if the slot does not contain DL symbols, all the symbols in the slot are included in the resource pool; otherwise, only UL and flexible symbols in the slot are included in the resource pool, as shown in Fig. 4. 


Figure 4. Slot-level bitmap indication
Proposal 10: For resource pool configuration, support slot-level bitmap indication, where bit “1” means that all the “UL” and “flexible” symbols in the corresponding slot is included in the resource pool.
4.2 Frequency domain of resource pool 
Regarding to frequency domain resources of a resource pool for PSSCH, for “The resource pool can consist of non-contiguous PRBs”, we identify some use cases:
1) To provide flexibility of resource partitioning, SL BWP may be interrupted by an UL BWP, thus, it is better to allow to configure the UE’s resource pool as non-contiguous in frequency domain; 
2) The resource pool can be non-contiguous in frequency domain to avoid SL-SSB to reduce complexity of rate matching. 
Furthermore, how to indicate the frequency domain resources of the resource pool should be further studied. 
Proposal 11: The resource pool can consist of non-contiguous PRBs for both licensed and dedicated carrier.
5 Physical SL channels
5.1 PSCCH 
5.1.1 PSCCH structure

Starting symbol for PSCCH
The starting symbol for a PSCCH could be (pre-) configured in the resource pool configuration. In order to indicate the starting symbol for a PSCCH, there are following two straightforward methods:
(1) The starting symbol for a PSCCH is relative to the start of the slot in the resource pool (Figure 5a), or 
(2) The starting symbol for a PSCCH is relative to the start of the subset of consecutive symbols available for SL within the slot in the resource pool (Figure 5b).
Let’s considering the following cases. 
Case A: The time domain granularity of resource pool is slot-level, the number of SL symbols for each slot is equal, i.e., 14 for normal CP. 
Case B: The time domain granularity of resource pool is symbol-level, and the number of SL symbols for each slot is equal, i.e., x, x<14. 
Case C: The time domain granularity of resource pool is symbol-level, and the number of SL symbols for each slot is unequal, e.g., x for slot n, x< 14, y for slot n+1, y<14, y. 
For case A and B, method (1) works well. But for case C, method (1) does not work well, because it may cause PSCCH monitoring falling outside the subset of consecutive symbols available for SL within the slot (Figure 6c). Therefore, method (2) is more suitable for case C. 

 
Figure 5. The starting symbol for PSCCH
Number of symbols for PSCCH
Regarding number of symbols for PSCCH, there are following alternatives in the offline discussion during previous RAN1 meeting.
· Alt 1. One candidate number of symbols for PSCCH is used for all SCS.
· Alt 2. One candidate number of symbols for PSCCH is specified per SCS.
· Alt 3. Two candidates number of symbols for PSCCH are defined, where one candidate number is less than or equal to 3 and another candidate number is more than 7. One length of PSCCH is configured per resource pool.
· Alt 4. One length of PSCCH is configured per resource pool. The candidate number of symbols for PSCCH is less than [x].
· Alt 5. One length of PSCCH is configured per BWP. The candidate number of symbols for PSCCH is less than [x].
From our perspective, up to 3 OFDM symbols similar as Rel-15 NR PDCCH should be supported. The motivation of supporting long PSCCH (more than 3 OFDM symbols) should be analyzed before making decision. 
As is known, in LTE V2X, the PSCCH (SCI format 1) is transmitted in one subframe and two physical resource blocks per slot of the subframe, and is FDMed with the associated PSSCH. However, in NR SL physical layer structure design, FDM between PSCCH and its associated PSSCH is not preferred due to the large delay and less flexibility of PSSCH length. Furthermore, for PSCCH length larger than 3 OFDM symbols and less than 14 OFDM symbols, the benefit is not clear, but requires additional standardization effort. Therefore, up to 3 OFDM symbols for PSCCH is supported and can be (pre-)configured per resource pool. 
Proposal 12: The number of OFDM symbols for PSCCH is up to 3 and (pre-)configured per resource pool. 
5.1.2 Two-stage SCI
In RAN1 #98, we have the following agreement:
	Agreements:
· Support 2-stage SCI
· 1st SCI is carried in PSCCH.
· FFS: other details



The 2nd SCI can re-use the DMRS of PSSCH which is more spectrum efficient than introducing additional DMRS. Similar to the UCI piggyback procedure in Uu link, the 2nd SCI is preferred to be placed aside DMRS RE(s)/symbol(s). Besides, the DMRS symbol may not fully utilize all the REs within that symbol. Take DMRS configuration type 1 as an illustration shown in Figure 6, if only antenna ports 2/3 are mapped with DMRS REs, then nearly half of REs in DMRS symbols are vacant. In Uu transmission, all the un-utilized REs can be indicated via DCI to inform whether they can be used for PDSCH or not. Since currently no MU operation is supported in sidelink, the un-utilized REs within DMRS symbols are possible to be used by PSSCH or the 2nd SCI transmission.

 
Figure 6. Illustration of the 2nd SCI RE mapping
Proposal 13: The 2nd SCI should be placed aside DMRS RE(s)/symbol(s).
Proposal 14: The REs not used in DMRS symbols should be utilized for PSSCH and/or the 2nd SCI. 

Indication for 2nd-stage SCI
It is concluded that “After decoding the 1st-stage, the receiver does not need to perform blind decoding of 2nd-stage.” Thus, it is necessary to obtain the decoding information of 2nd-stage SCI, such as aggregation level, time/frequency domain resource, format, payload size, et al. These decoding information can be indicated either explicitly or implicitly. 
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]If indicated explicitly, at least one of the above mentioned decoding information should be included in the 1st-stage SCI field, such as “time/frequency resource allocation of 2nd-stage SCI”. It is possible to indicate either “format of 2nd-stage SCI” or “payload size of 2nd-stage SCI” in case of one-to-one mapping between format and payload size. Anyway, explicit indication will increase the payload size of 1st-stage SCI, thus not preferable. 
If the above mentioned decoding information is indicated implicitly altogether, some association or (pre) configuration is needed. Since layer-1 destination ID can be used to distinguish cast type, and cast type can be used to identify the SCI format, if one SCI format is associated with one time/frequency resource configuration (i.e., number of symbols and number of RBs) in a resource pool and one SCI format corresponds to one payload size, the length of time/frequency domain resource and format/payload size of 2nd-stage SCI can be derived indirectly from the layer-1 destination ID. Furthermore, symbol offset and frequency offset between 1st-stage SCI/PSSCH scheduled by 1st-stage SCI and 2nd-stage SCI can be preconfigured to facilitate identifying the starting symbol and starting RB of the 2nd-stage SCI, as shown in Figure 7.


Figure 7. Implicit indication for 2nd-stage SCI. 
Proposal 15: The decoding information of 2nd-stage SCI should be indicated implicitly.
5.2 PSSCH
In RAN1 #96b meeting, the following working assumption was achieved related to multi-antenna transmission of PSSCH.
	Working assumption:
· Transmission of 1 TB with up to 2 layers in a PSSCH is supported.


In both Rel-15 and Rel-16 NR Uu, when the number of layers is no more than 4, only one codeword is used for codeword to layer mapping due to the following reasons. From the Tx point of view, single codeword can simplify the mapping of TBs to the physical resources. From the Rx point of view, it can help the Rx to decode faster and is benefit for low-latency applications. Although it was discussed to use two codewords when the number of layers is no more than 4 in Rel-16 NR Uu, this was considered due to channel characteristics for different TRPs from gNB may result in different MCS and ranks. However, if more layers (>4) are supported in Rel-17, then we can think about the possibility of introducing 2 TB. Anyway, in Rel-16 we prefer focusing on only one TB with up to 2 layers in a PSSCH
Proposal 16: 
· Confirm the working assumption “Transmission of 1 TB with up to 2 layers in a PSSCH is supported”.
· Do not support 2 TBs in a PSSCH in Rel-16. 
5.3 PSFCH
It has been agreed in RAN1 #97 meeting that a sequence-based PSFCH format with one symbol is supported with PUCCH format 0 as the starting point, as shown below. 
	Agreements:
· 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
· 


In RAN1#98, we have the following agreements for handling PSFCH collision issue.
	Agreements:
· For Case 1 (PSFCH TX/RX overlap),
· Select PSFCH TX or RX based on priority rule
· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.
· FFS: Other priority rule (e.g. TX/RX, cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH), up to UE implementation
· For Case 2 (PSFCH TX to multiple UEs),
· Select N PSFCH(s) transmissions based on priority rule
· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.
· FFS: Other priority rule (e.g. cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH, collision status, etc.), up to UE implementation
· For Case 3 (PSFCH TX with multiple HARQ feedback to the same UE),
· FFS including whether to support multiple HARQ feedback bits are multiplexed on a PSFCH, whether to apply the solution of Case 2
· Send LS to RAN4 to ask the feasibility of simultaneous transmission of multiple PSFCH, and the maximum value of N if feasible (draft LS in R1-1909873, email approval till 9/5 – Hanbyul, LGE)
· Inform that no conclusion is made in RAN1 regarding whether the transmit power of PSFCH transmitted at the same time is the same or not when N>1.
· Including the current RAN1 agreement on PSFCH design



Note that if only transmission of 1 TB in a PSSCH is supported, only 1 HARQ-ACK bit is needed for non-CBG case. Thus, only two sequences are sufficient for this sequence-based PSFCH format, rather than four sequences in PUCCH format 0. To simplify the design, it is better to use 1 PRB, same as that of PUCCH format 0. Furthermore, 2-symbol with a repetition of 1-symbol is likely to provide more reliability, which is very important in many V2X scenarios, thus should be supported. 
Besides, if CBG based HARQ feedback is supported, e.g. for large TB size, PUCCH format 2 can be reused. In this case, multiple PRBs are used, and the actual number of RBs should depend on the total number of feedback bits as well as the multiplexing situation (if any). 
For case 3, if multiple HARQ-ACK information can be multiplexed in one PSFCH, then sequence-based PUCCH is not a favorable solution and PUCCH format 2 seems to be a natural choice.
Proposal 17: 
· For sequence-based PSFCH format, support 2-symbol PSFCH format with a repetition of 1-symbol PSFCH format.
· Support an additional PSFCH format based on PUCCH format 2 (multiple RBs, 1-2 symbols), especially considering the possibility of multiplexing multiple HARQ-ACK information within one PSFCH 

6 Conclusions
The following conclusions are proposed:

Proposal 1: Only Rel-15 PDSCH DMRS configuration type 1 is reused for frequency-domain pattern of PSSCH DMRS.
[bookmark: _GoBack]Proposal 2: No need to specify which kind of parameter(s) can be used for determining sidelink PSSCH-DMRS pattern.
Proposal 3: In Rel-16, sidelink UE can itself determine PSSCH-DMRS pattern. FFS whether gNB can determine PSSCH-DMRS pattern in Rel-17.
Proposal 4:
· For frequency domain pattern of PSCCH DMRS, reuse the frequency domain pattern of Rel-15 NR PDCCH DMRS.
· For time domain pattern of PSCCH DMRS, 
· If the number of symbols for PSCCH is up to 3 OFDM symbols, reuse the time domain pattern of Rel-15 NR PDCCH DMRS, i.e., DMRS is mapped on all the OFDM symbols of a given PSCCH candidate.
· FFS other cases.
Proposal 5: Support to reuse Uu CP-OFDM uplink PT-RS, FFS rules for PTRS collision with DMRS/CORESET, i.e., 2-stage SCI case. 
Proposal 6: In the same carrier case, for RRC-CONNECTED and RRC-IDLE V2X UEs, support no switching delay between the SL BWP and UL active BWP switching.
Proposal 7: The following two options for setting and indicating SL BWP in NR V2X should be discussed:
· Option 1: A common reference point is used for SL BWP at a carrier for out-of-coverage UEs, RRC-IDLE UEs and RRC-CONNECTED UEs. 
· Option 2: The same reference point as UL BWP is used for SL BWP at a carrier for RRC-IDLE UEs and RRC-CONNECTED UEs, while a predefined reference point or BWP starting frequency position is used for out-of-coverage UEs. 
Proposal 8: NR supports SL transmission/reception in cell-specific “UL” and “flexible” resources based on tdd-UL-DL-ConfigurationCommon.
Proposal 9: 
· Regarding the time domain granularity of resource pool configuration,
· For licensed carrier, both partial slot and full slot granularity are supported.
· For dedicated SL carrier, at least full slot granularity is supported.
Proposal 10: For resource pool configuration, support slot-level bitmap indication, where bit “1” means that all the “UL” and “flexible” symbols in the corresponding slot is included in the resource pool.
Proposal 11: The resource pool can consist of non-contiguous PRBs for both licensed and dedicated carrier.
Proposal 12: The number of OFDM symbols for PSCCH is up to 3 and (pre-)configured per resource pool. 
Proposal 13: The 2nd SCI should be placed aside DMRS RE(s)/symbol(s).
Proposal 14: The REs not used in DMRS symbols should be utilized for PSSCH and/or the 2nd SCI. 
Proposal 15: The decoding information of 2nd-stage SCI should be indicated implicitly.
Proposal 16: 
· Confirm the working assumption “Transmission of 1 TB with up to 2 layers in a PSSCH is supported”.
· Do not support 2 TBs in a PSSCH in Rel-16. 
Proposal 17: 
· For sequence-based PSFCH format, support 2-symbol PSFCH format with a repetition of 1-symbol PSFCH format.
· Support an additional PSFCH format based on PUCCH format 2 (multiple RBs, 1-2 symbols), especially considering the possibility of multiplexing multiple HARQ-ACK information within one PSFCH 
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