3GPP TSG RAN WG1 Ad-Hoc Meeting 1901

      R1-1901438
Taipei, Taiwan, 21st – 25th January, 2019
Agenda Item:
7.2.4.1.1
Source: 
LG Electronics

Title: 
Feature lead summary for agenda item 7.2.4.1.1 Physical layer structure
Document for:
Discussion and decision
1. Introduction

This is the summary document for AI 7.2.4.1.1 on physical layer structure, based on the contributions listed in reference section.
2. Issues
Issue 1: Waveform

· Issue 1-1: Whether to support DFT-S-OFDM in NR sidelink on top of supporting CP-OFDM
· Company’s proposal: Do not support DFT-S-OFDM for NR sidelink [1]

 REF _Ref535355238 \r \h 
[2]

 REF _Ref535355239 \r \h 
[3]

 REF _Ref535358517 \r \h 
[9] [10]

 REF _Ref535355557 \r \h 
[11]

 REF _Ref535355251 \r \h 
[16]

 REF _Ref535355254 \r \h 
[25]

 REF _Ref535356571 \r \h 
[28][22] (10 companies)
· Rationale:
1) Increased implementation complexity for reception [1]

 REF _Ref535355238 \r \h 
[2]

 REF _Ref535355251 \r \h 
[16]

 REF _Ref535355254 \r \h 
[25]
2) Increased processing complexity to detect the waveform [1]

 REF _Ref535355251 \r \h 
[16]

 REF _Ref535355254 \r \h 
[25]
3) Sufficient link budget for CP-OFDM [2]

 REF _Ref535355239 \r \h 
[3][28]
4) Increased specification effort [3][9][11][16] 
5) Low PAPR advantage of DFT-s-OFDM compared to CP-OFDM is no longer present in PSCCH/PSSCH multiplexing option 3 [1]

 REF _Ref535355544 \r \h 
[10]
6) No BLER advantage on PSSCH for DFT-s-OFDM over CP-OFDM in FR2 [1]
7) Channel estimation is likely to be penalized for high speed scenarios due to vertical DMRS structure [10]
8) Resource fragmentation [11]
· Company’s proposal: Support DFT-S-OFDM in addition to CP-OFDM for NR sidelink [5]

 REF _Ref535358606 \r \h 
[6]

 REF _Ref535355291 \r \h 
[13] [14]

 REF _Ref535358801 \r \h 
[17]

 REF _Ref535355296 \r \h 
[18]

 REF _Ref535355299 \r \h 
[19]

 REF _Ref535355301 \r \h 
[24]

 REF _Ref535359113 \r \h 
[26], also supported by IITH, IITM, CEWIT, Tejas Networks, Relliance Jio (14 companies)
· Rationale:

1) Better link budget performance than CP-OFDM [5]

 REF _Ref535358606 \r \h 
[6]

 REF _Ref535355291 \r \h 
[13]

 REF _Ref535355296 \r \h 
[18]

 REF _Ref535355299 \r \h 
[19]

 REF _Ref535355301 \r \h 
[24]

 REF _Ref535359113 \r \h 
[26]
2) To support various requirements in terms of throughput, coverage, reliability, latency. [13]

 REF _Ref535355292 \r \h 
[14]

 REF _Ref535355296 \r \h 
[18]

 REF _Ref535355299 \r \h 
[19]

 REF _Ref535355301 \r \h 
[24]
3) No significant reason to restrict the available types of waveform on sidelink [17]
Observation
· For discussion on waveform of NR sidelink, following options are proposed:

· Support CP-OFDM only

· Support DFT-S-OFDM in addition to CP-OFDM
· It is observed that DFT-S-OFDM provides better link budget in some simulation results while some companies argue that such link budget gain is not necessary in NR V2X. Meanwhile, to support DFT-S-OFDM, several companies mentioned that there are issues on UE complexity and specification effort. 

· Proposal for conclusion:
· No consensus in supporting DFT-S-OFDM
Issue 2: CP length 
· Issue 2-1: Whether to support ECP for 15 kHz/30 kHz SCS in FR1

· Company’s proposal: ECP is not supported for 30 kHz SCS [1]

 REF _Ref535355238 \r \h 
[2]

 REF _Ref535355239 \r \h 
[3] [10]

 REF _Ref535355557 \r \h 
[11]

 REF _Ref535355296 \r \h 
[18]

 REF _Ref535355299 \r \h 
[19]

 REF _Ref535408030 \r \h 
[22]

 REF _Ref535355254 \r \h 
[25]

 REF _Ref535359113 \r \h 
[26]

 REF _Ref535355343 \r \h 
[27]

 REF _Ref535356571 \r \h 
[28], also supported by Mitsubishi (13 companies)
· Rationale:

· For large communication range, the SCS of 15 kHz with NCP or the SCS of 60 kHz with ECP can be used [2]

 REF _Ref535355239 \r \h 
[3][11][18][22][25]

 REF _Ref535355343 \r \h 
[27] 
· Large overhead [19][26][28] 
· 30 kHz ECP does not present BLER performance advantage over 30 kHz NCP for all speed scenarios and under-performs 60 kHz ECP. [1]
· In terms of throughput performance, 60 kHz ECP significantly outperforms 30 kHz ECP and NCP. [1]
· To keep compatibility with the Uu interface [10]
· Company’s proposal: ECP is supported for 30 kHz SCS [5]

 REF _Ref535358606 \r \h 
[6]

 REF _Ref535355363 \r \h 
[12] (3 companies)
· Rationale:

· Large propagation delay [5][6]
· CP should cover the timing difference between transmitter and receiver and the propagation delay. [12]
· Company’s proposal: Support ECP for 15kHz SCS [12] (1 company)
· Rationale:

· CP should cover the timing difference between transmitter and receiver and the propagation delay. [12]
· Issue 2-2: Whether to support ECP for 120 kHz SCS in FR2

· Company’s proposal: ECP is not supported for 120 kHz SCS [2]

 REF _Ref535355239 \r \h 
[3]

 REF _Ref535355544 \r \h 
[10]

 REF _Ref535355557 \r \h 
[11]

 REF _Ref535355296 \r \h 
[18]

 REF _Ref535355299 \r \h 
[19]

 REF _Ref535355254 \r \h 
[25]

 REF _Ref535359113 \r \h 
[26]

 REF _Ref535355343 \r \h 
[27], also supported by Mitsubishi (10 compnaies)
· For large communication range, the SCS of 15 kHz with NCP or the SCS of 60 kHz with ECP can be used [2]

 REF _Ref535355239 \r \h 
[3][11][18]

 REF _Ref535355254 \r \h 
[25]

 REF _Ref535355343 \r \h 
[27]
· To keep compatibility with the Uu interface [10]
· Limited coverage can be compensated with enhanced synchronization mechanism [11]
· Large overhead [19]
· No strong need to support [26]
· Company’s proposal: ECP is supported for 120 kHz SCS [5]

 REF _Ref535356571 \r \h 
[28] (2 companeis)
· NCP cannot fulfil the requirement. [5]
· NCP is too short for assumed sync errors. [28]
Observation
· For discussion on CP length for NR sidelink in FR1, following options are discussed

· Option 1: Do not support extended CP for SCSs other than 60kHz

· Option 2: Support extend CP for 15kH, 30kH

· Majority companies’ view is on Option 1.

· For discussion on CP length for NR sidelink in FR2, following options are discussed

· Option 1: Do not support extended CP for SCSs other than 60kHz

· Option 2: Support extend CP for 120kHz

· Majority companies’ view is on Option 1.

· Proposal for conclusion: 

· No extended CP is supported for 30 kHz in FR1

· No extended CP is supported for 120 kHz in FR2
· Proposal for agreement:

· For PSCCH/PSSCH in FR2, NR V2X supports normal CP for 60 kHz, 120kHz, and extended CP for 60kHz.
Issue 3: BWP
· Issue 3-1: The number of configured SL BWP for RRC connected NR V2X UE (regarding WA)

· Company’s proposal: Confirm the working assumption (only one SL BWP is configured in a carrier for a NR V2X UE)
· Rationale: 

1) UE would miss some message due to SL BWP switching because there is no signalling in SL for SL BWP activation/deactivation [5]
2) Using resource pool can be an alternative [28]
3) Dynamic SL BWP switching cause switching latency and make SL BWP operation more complex [11]
· Issue 3-2: Relationship between SL and Uu BWP

· Company’s proposal: SL BWP and Uu BWP are independently configured.
· Rationale: 

1) gNB can configure UL BWP and SL BWP to ensure the UL BWP and resource pool(s) or SL BWP are within UE’s RF bandwidth [1] 
2) All UEs with potentially different active Uu BWP needs to have the same active SL BWP [5]

 REF _Ref535356571 \r \h 
[28]
· Company’s proposal: Further study is necessary in terms of handling switching latency (if exists) between Uu BWP(s) and SL BWP. [11]
· Company’s proposal: It could be beneficial to restrict UE RF BW covering Uu BWP(s) and SL BWP, and align numerology of Uu BWP(s) and SL BWP in terms of reducing switching latency among them. [11]
Proposal for agreement:
· Confirm the working assumption
· Working assumption: only one SL BWP is configured in a carrier for a NR V2X UE

· RAN1 assumes that configuration signalling for SL BWP is separated from Uu BWP configuration signalling.
· UE is not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time.

· FFS the time scale

· FFS relation to DL BWP including initial Uu BWP
· FFS relation in terms of frequency location and bandwidth

Issue 4: Resource pool
· Issue 4-1: How resource pool in time-domain is defined

· Company’s proposal: Support symbol-level resource pool consisting of contiguous or non-contiguous symbols

· Rationale:

1) Shared carrier between Uu and NR sidelink [2][15][18][28]
· Issue 4-2: How resource pool in frequency-domain is defined

· Company’s proposal: Support resource pool consisting of contiguous RBs 
· Rationale:

1) Simple configuration of resource pool [18][28]
· Company’s proposal: Introduce the concept of sub-channel consisting of contiguous RBs to express resource pool in frequency domain 
· Rationale:

1) Reduced blind decoding complexity for PSCCH [1]

 REF _Ref535422281 \r \h 
[8]

 REF _Ref535358517 \r \h 
[9]

 REF _Ref535355291 \r \h 
[13][15] 
2) Reduced overhead to indicate PSSCH allocation [2][11]
· Issue 4-3: Others

· Company’s proposal [1]
· Both common resource pools (for broadcast) and UE-dedicated resource pools can be configured

· Company’s proposal [2]
· Dedicated resource pools for control and data respectively should be supported for NR sidelink.
· Company’s proposal [7]
· Study the configuration of resource pools based on different defined criteria
· Company’s proposal [17]
· A common sidelink resource pool configuration scheme should be defined for both PSCCH/PSSCH multiplexing option 1b and option 3

· Multiple resource pools can be configured within a BWP

· Company’s proposal [22]
· Discuss whether logical or physical slot indexing is used in NR V2X sidelink

· A SL BWP configured in a carrier always occupies whole bandwidth of the carrier

· Resource pool configuration method of LTE V2X is baseline (time domain by bitmap, frequency domain by contiguous PRBs)

· Company’s proposal [28]
· Although multiple resource pools can be configured to a single UE, the UE choose one TX pool within which it performs resource selection

Proposal for agreement:
· For time domain resources of a PSSCH resource pool, 

· Support the case where a pool consists of non-contiguous time resources
· FFS details including granularity
· For frequency domain resources of a PSSCH resource pool, 

· Down select following options:

· Option 1: A resource pool always consists of contiguous PRBs

· Option 2: A resource pool can consist of non-contiguous PRBs

Issue 5: PSCCH / PSSCH multiplexing
· Note that Option 3 is already made as working assumption for PSCCH/PSSCH multiplexing
· Issue 5-1: Whether one of options covers the other options

· Company’s proposal:
· Option 3 can be transformed into a structure like option 1 & 2 [6]
· Option 1a is a special case of option 3 [20]
· Discuss further how to realize option 1a based on option 3 [22]
· Time resource allocation based on option 3 can be used to realize option 1b [22]
· Issue 5-2: Options to be supported

· Option 1A (Support: [8] / Not support: [6]

 REF _Ref535355544 \r \h 
[10]

 REF _Ref535355379 \r \h 
[15]

 REF _Ref535355299 \r \h 
[19])
· Pros
· Cross- and multiple-slot scheduling is possible [8]
· Small latency [19]
· Small size of indication for PSSCH allocation in frequency domain [19]
· Cons

· Scheduling restriction on PSSCH allocation [10]

 REF _Ref535355379 \r \h 
[15]

 REF _Ref535355299 \r \h 
[19]
· Variable SA frequency resource is challengeable for blind detection [6]

 REF _Ref535355299 \r \h 
[19]
· Sensing complexity increases [15]
· Option 1B (Support: [2]

 REF _Ref535358701 \r \h 
[5]

 REF _Ref535355544 \r \h 
[10]

 REF _Ref535355557 \r \h 
[11] [14]

 REF _Ref535358801 \r \h 
[17], Mitsubishi / Not support: [19]

 REF _Ref535355254 \r \h 
[25])
· Pros

· common design for cross slot scheduling between PSCCH and PSSCH [2]

 REF _Ref535358701 \r \h 
[5]

 REF _Ref535355544 \r \h 
[10]
· Facilitate short-term sensing [5]
· Coverage enhancement [11]
· Simpler or reuse design of front-loaded DMRS in PSSCH [14]
· No need to same number of layer/rank and MIMO scheme between PSCCH/PSSCH [14] 

· No power sharing issue [17]
· Cons

· Transient period between PSCCH and PSSCH is needed [19]

 REF _Ref535355254 \r \h 
[25]
· Option 2 (Support: [2]

 REF _Ref535355299 \r \h 
[19]

 REF _Ref535359113 \r \h 
[26][18]/ Not support: [15]

 REF _Ref535355299 \r \h 
[19])
· Pros
· High coverage and higher reliability of PSCCH [2]

 REF _Ref535355299 \r \h 
[19][26]
· Cons

· Large latency [15]
· Constraints on PSCCH precoding/antenna virtualization [19]
· Issue 5-3: Others

· Company’s proposal [1]
· The duration of PSCCH can be set to all OFDM symbols

· PSCCH decoding starts from the symbol immediately following the AGC symbol

· PSCCH decoding starts from the lowest RB index of a subchannel

· Company’s proposal [11]
· The frequency location of PSCCH can be associated with the frequency location of the associated PSSCH.
· Company’s proposal [14]
· Option 3 is limited to rank 1 for both PSCCH and PSSCH. Option 1B supports spatial multiplexing for PSSCH while PSCCH is limited to rank 1 as well.

· Company’s proposal [17]
· For option 3, PSCCH and PSSCH should start on the first symbol assigned for sidelink within a slot.

· In PSCCH/PSSCH multiplexing option 3, the RB’s of PSCCH is contained inside RB’s of PSSCH.

1) Case 1:  The starting RB indices of the both channels have to be the same.

2) Case 2:  The starting RB indices of the both channels can be different.

· For option 1B, PSCCH should be multiplexed with PSSCH on different symbols within one slot.

· Confirm the WA: no transient period is in need between symbols containing PSCCH and symbols not containing PSCCH of option 3.

Observation
· Majority companies do not support Option 1A. Next, it seems that majority companies support Option 1B. However, some companies argue that transient period may be necessary between PSCCH and PSSCH. Regarding Option 2, companies have divergent views on the necessity of coverage enhancement at the expense of large latency. 
Proposal for agreement: 
· For PSCCH/PSSCH multiplexing
· Option 1A is not supported
· Working assumption: Option 1B is supported 
· RAN1 to discuss whether to confirm this working assumption based on the RAN4 LS on the need of transient period.

· Continue discussion on the need of Option 2
Issue 6: PSCCH
· Issue 6-1: SCI format
· Company’s proposal: multiple SCI formats are carried by PSCCH [1]

 REF _Ref535355239 \r \h 
[3]

 REF _Ref535358517 \r \h 
[9]

 REF _Ref535355557 \r \h 
[11]

 REF _Ref535355379 \r \h 
[15]

 REF _Ref535355296 \r \h 
[18]

 REF _Ref535359113 \r \h 
[26]

 REF _Ref535356571 \r \h 
[28], also supported by Mitsubishi (9 companies)
· Rationale:

1) To enable flexible and efficient sidelink transmission [3]

 REF _Ref535358517 \r \h 
[9][11][15]

 REF _Ref535355296 \r \h 
[18]

 REF _Ref535359113 \r \h 
[26] 

2) The large discrepancy in terms of bit size (e.g., to support of transmission with or without feedback) [1]

 REF _Ref535356571 \r \h 
[28]
· Issue 6-2: Blind decoding complexity
· Company’s proposal: Fixed or (pre-)configured size (time/frequency) and/or location [1]

 REF _Ref535358701 \r \h 
[5][11][17] (4 companies)
· Rationale:

1) To reduce blind decode complexity [1]

 REF _Ref535358701 \r \h 
[5][11][17]
· Company’s proposal: Support 2-stage SCI; one for anonymous UE(s), and the other for dedicated UE [3]

 REF _Ref535421003 \r \h 
[7]

 REF _Ref535355379 \r \h 
[15]

 REF _Ref535355296 \r \h 
[18]

 REF _Ref535356571 \r \h 
[28] (5 companies)
· Rationale:

1) To support multiple SCI format with different size with acceptable BD complexity [3]

 REF _Ref535355379 \r \h 
[15]

 REF _Ref535355296 \r \h 
[18]

 REF _Ref535356571 \r \h 
[28] 
2) Pre-emptive reservation, announcement of resource pool by group leader, coexistence between in- and out-of-coverage UE [7]
3) Forward compatibility [28]
· Issue 6-3: Which information is conveyed on PSCCH other than SCI for PSSCH reception

· Company’s proposal: 
· Information related to reserved resources [1]

 REF _Ref535355544 \r \h 
[10]
· Resource allocation for transmission of another UE [9]
· Issue 6-4: Transmission scheme for PSCCH

· Company’s proposal: single-port transmission with transparent TxD scheme [10]

 REF _Ref535355299 \r \h 
[19]

 REF _Ref535408030 \r \h 
[22] (3 companeis)
· Rationale:
1) Consider NR PDCCH as baseline [10]

 REF _Ref535355299 \r \h 
[19]

 REF _Ref535408030 \r \h 
[22]
· Company’s proposal: multi-port transmission [2] (1 company)
· Rationale:
1) Better link budget performance [2]
Proposal for agreement: 
· For SCI design, down select following options

· Option 1: Single SCI format size across different resource pool

· FFS: Single or multiple SCI format with different set of fields

· Option 2: Single SCI format size per a resource pool, but SCI format size can be different across resource pools

· FFS: Single or multiple SCI format with different set of fields

· Option 3: Multiple SCI format sizes per a resource pool 

· FFS: How to utilize different SCI format size in a resource pool (e.g. 2-step SCI, multiplexing sidelink transmission with different characteristics such as MIMO scheme, HARQ-ACK feedback scheme, etc.)

· For down-selection, following aspects are investigated:

· Blind decoding complexity

· Detection performance of SCI

Proposal for agreement: 
· Support at least single-port transmission for PSCCH

· FFS TxD schemes
Issue 7: Feedback channel
· Issue 7-1: Multiplexing PSFCH and other SL channel(s)
· Company’s proposal: TDM between PSFCH and other SL channels [1]

 REF _Ref535355239 \n \h 
[3][10][11][28] (5 companies)
· Rationale:

1) To allow a fast feedback [1][11]
1) Half duplex operation [3]
· Company’s proposal: FDM between PSFCH and other SL channels [1][3][10][26] (4 companies)
· Rationale:

1) Resource efficiency [3]
2) AGC impact [26]
· Company’s proposal: FDM and/or TDM between PSFCH and other SL channels [3]

 REF _Ref535355503 \r \h 
[4]

 REF _Ref535446351 \r \h 
[20] (3 companeis)
· Rationale:

1) High scheduling flexibility [3]

 REF _Ref535355503 \r \h 
[4][20]
· Issue 7-2: PSFCH format structure

· Company’s proposal: Reuse sequence-based HARQ feedback (NR PUCCH format 0/1) [6][11][15]

 REF _Ref535355254 \n \h 
[25]

 REF _Ref535359113 \r \h 
[26]

 REF _Ref535356571 \r \h 
[28] (6 companies)
· Rationale:

1) Sequences are good enough to be orthogonal [6]
1) Small specification effort [11][15]

 REF _Ref535355254 \n \h 
[25]
2) To increase spectral efficiency [26]
3) Reduced overhead and complexity [11][28]
· Issue 7-3: SFCI format

· Company’s proposal: Multiple formats are supported for SFCI format [1]

 REF _Ref535446351 \r \h 
[20] (2 companies)
· Rationale:

1) CSI and/or HARQ feedback is supported [1]
2) SL-CSI, SL-SR as well as HARQ-feedback in included [20]
· Company’s proposal: Single format is supported for SFCI format [28] (1 company)
· Rationale:

1) SFCI format does not contain CSI [28] 

· Issue 7-4: Others

· Company’s proposal [11]
· Feedback information other than SL HARQ (e.g., long-term channel quality measurement) is conveyed via PSSCH.
· If SL transmission with PSFCH and SL transmission without PSFCH are allowed to be multiplexed in the same pool, at least the following issues need to be further studied.
1) How to reduce additional AGC during PSSCH reception 

2) Collision avoidance between PSSCH and PSFCH
· Company’s proposal [15]

 REF _Ref535355254 \n \h 
[25]
· SL CSI can be sent via PSSCH rather than PSFCH
· Company’s proposal [20]
· Multiple PSFCH formats should be introduced and one format is dynamically selected depending on payload size and/or reliability

1) PUCCH formats in NR Uu are considered as starting point for PSFCH formats.
· NR SL supports sequence-based HARQ feedback, for both TB-based and CBG-based cases.

· Company’s proposal [23]
· RAN1 study the impact on multiplexing between PSCCH/PSSCH and PSFCH when determining time domain resource for PSFCH.

· Company’s proposal [28]
· NR SL supports sequence-based HARQ feedback, for both TB-based and CBG-based cases.
· The presence of PSFCH is signalled in the SCI scheduling the corresponding PSSCH.
· RAN1 prioritizes deterministic time relation between PSFCH and its associated PSSCH.
Proposal for agreement: 
· Study further PSFCH format(s) for HARQ feedback. The following PSFCH formats are supported:

· Format 1: Short PSFCH format

· Rel. 15 NR Uu PUCCH format 0 or 2 is a starting point.
· Format 2: Long PSFCH format

· Details FFS
· FFS whether/how PSFCH format is related to the resource allocation
· FFS: PSFCH format for other feedback contents (if supported)
Issue 8: AGC/switching period handling

· Issue 8-1: Whether to support AGC training signal

· Company’s proposal: Support AGC training signal [3]

 REF _Ref535358606 \r \h 
[6] (2 company)
· Rationale:

1) Reduced AGC settling time [3]
2) In higher SCS, the duration of symbol becomes shorter and one OFDM symbol length might not be enough for AGC training [6]
3) Could be used for AGC training, channel tracking, along with DMRS for channel estimation, and CSI acquisition [6]
4) Channel clearance detection for LBT [6]
· Company’s proposal: No support AGC training signal [1][11][19]

 REF _Ref535356571 \r \h 
[28] (4 companies)
· Rationale:

1) The same principle as LTE-V can be used [1]
2) AGC retraining is not always needed [11][19]
3) High required density of DMRS and presence of AGC and guard period [28]
· Issue 8-1: Others
· Company’s proposal [4]
· CSI-RS symbols can be placed at the beginning of a slot and also serve as AGC training signals.
· Company’s proposal [5][11]
· Comb-like resource mapping on the first and last OFDM symbol can be supported in NR-V2X.
· Company’s proposal [10]
· Use the first half OFDM symbol for tx/rx switching and the second half OFDM symbol for AGC adaptation in a slot for 15 and 30 kHz SCS
· Use the last OFDM symbol for tx/rx switching and the first OFDM symbol for AGC adaptation for 60 kHz SCS

· Transmit PSCCH on at least the first three symbols or transmit training signal in the first symbol considering the performance degradation of PSCCH due to AGC impact

· Company’s proposal [11][21]
· The guard period and AGC protection can be integrated in a single symbol to reduce the overhead.

· Company’s proposal [25]
· It can be considered to adopt merging AGC/Tx-Rx switching in one OFDM symbol or LTE-V2X-like way
Proposal for agreement: 
· For AGC symbol, consider following options for data and/or RS mapping based on RAN4 LS on the AGC time.

· Option 1: NR sidelink channels are mapped without consideration of AGC symbol

· Option 2: Comb-like resource mapping is applied

· Option 2-1: For PSCCH/PSSCH, data is mapped on AGC symbol

· Option 2-2: For PSCCH/PSSCH, DMRS is mapped on AGC symbol

· Option 3: NR sidelink channels are not mapped

· Option 3-1: Preamble is mapped on AGC symbol

· Option 3-2: RS other than DMRS is mapped on AGC symbol

Issue 9: DMRS design
· Issue 9-1: DMRS pattern for PSSCH
· Company’s proposal: Multiple DMRS pattern in time is supported for PSSCH [2]

 REF _Ref535358701 \r \h 
[5][6] [11][18]

 REF _Ref535408030 \r \h 
[22]

 REF _Ref535355301 \r \h 
[24][26][28] (9 companeis)
· Rationale:

1) Considering various scenario regarding doppler spread [2][5][11][18]

 REF _Ref535355301 \r \h 
[24]
2) Rel. 15 NR DMRS structure can be reused [22]
· Company’s proposal: Fixed DMRS pattern in time is supported for PSSCH [10] (1 company)
· Rationale:

1) Optimized DMRS pattern can be used to reduce overhead [10]
· Company’s proposal: Multiple DMRS pattern in frequency is supported for PSSCH [6] [24] (2 companies)
· Rationale:

1) UE can adaptively improve resource utilization or performance according to the situation [6]
2) Reduce frequency domain density to increase time domain density when needed without extra overhead [24]
· Company’s proposal: Fixed DMRS pattern in frequency is supported for PSSCH [10][28] (2 companies)
· Rationale:

1) Optimized DMRS pattern can be used to reduce overhead [10]
· Issue 9-2: DMRS pattern for PSCCH
· Company’s proposal: Fixed DMRS pattern is supported for PSCCH [10][11][12][19][22][24] (6 companies)
· Rationale:

1) Blind decoding complexity [11]

 REF _Ref535355299 \n \h 
[19]
2) Throughput is rather low and reliability is the most important criterion [24]
· Company’s proposal: DMRS structure of NR PDCCH is baseline [11]

 REF _Ref535355363 \r \h 
[12]

 REF _Ref535355299 \n \h 
[19]

 REF _Ref535408030 \r \h 
[22] (4 companeis)
· Rationale:

1) Small specification effort [11]

 REF _Ref535355299 \n \h 
[19]
2) Sufficient detection performance [12][22]
· Issue 9-3: Others
· Company’s proposal [6]
· 15kHz SCS should not be considered for ultra high-speed scenarios for NR V2X FR1.
· Company’s proposal [10]
· Consider to support up to 8 antenna ports from system perspective to support reception of multiple interfering transmissions as well as spatial multiplexing
· Design DMRS patterns to optimally support 64-QAM at least till 120 km/h relative speed and 16-QAM till 240 km/h
· NR V2X PSCCH sidelink physical structure and DMRS take into account benefits of multiple decoding attempts for PSCCH transmissions collided on the same resource
· Company’s proposal [21]
· At least a DMRS pattern specific for CP-OFDM is supported
· Better PSCCH demodulation performance can be achieved by removing DMRS symbols in PSCCH and using PSSCH DMRS to demodulate PSCCH.
· Company’s proposal [22]
· Physical layer ID is used for randomization of scrambling code and DMRS generation.
· Company’s proposal [25]
· Common design for PSCCH DMRS and PSSCH DMRS should be further studied
· Company’s proposal [26]
· Discuss the support for orthogonal DM-RS signals for potential colliding UEs.
· Discuss the solution to mitigate the impact of aperiodic packets on the sidelink channel measurement and UE resource selection. S-RSSI measurement based on DMRS could be considered.
Observation
· Majority companies support multiple DMRS patterns in time-domain for PSSCH. 
Proposal for agreement:
· Multiple DMRS patterns in time domain are supported for PSSCH
· FFS: Whether a DMRS pattern is selected based on the subcarrier spacing

· FFS: Single or multiple DMRS pattern(s) per a resource pool
· FFS: How TX UE and RX UE can be aligned in terms of the DMRS pattern used for PSSCH
· FFS: RE mapping, sequence generation

· Continue to study DMRS pattern in frequency domain for PSSCH

· E.g. Whether multiple patterns are supported, whether PDSCH/PUSCH DMRS configuration 1 or 2 is reused.
Issue 10: Measurement RS
· Issue 10-1: Whether to support CSI-RS
· Company’s proposal: Support CSI-RS [1]

 REF _Ref535355503 \r \h 
[4]

 REF _Ref535358701 \r \h 
[5]

 REF _Ref535355251 \r \h 
[16]

 REF _Ref535355299 \r \h 
[19]

 REF _Ref535446351 \r \h 
[20]

 REF _Ref535356571 \r \h 
[28] (7 companies)
· Rationale:

1) Channel estimation to provide better spectrum efficiency [1][4][5][16]

 REF _Ref535355299 \r \h 
[19][20]

 REF _Ref535356571 \r \h 
[28] 
· Company’s proposal: No support CSI-RS [10] (1 company)
· Rationale:

1) Sufficient performance can be achieved using DMRS [10]
· Issue 10-2: Whether to support PT-RS

· Company’s proposal: Support PT-RS [1][11][16]

 REF _Ref535355299 \r \h 
[19]

 REF _Ref535446351 \r \h 
[20]

 REF _Ref535355301 \r \h 
[24] (6 companies)
· Rationale:

1) Phase noise reduction [1][11][16]

 REF _Ref535355299 \r \h 
[19][20][24]
2) Doppler/CFO reduction [24]
· Company’s proposal: Further study whether to support PT-RS in FR2 [10] (1 company)
· Rationale:

1) Need to check whether phase noise of doppler effects are dominant in high carrier frequency [10]
· Company’s proposal: No support PT-RS [10]

 REF _Ref535356571 \r \h 
[28] (2 companies)
· Rationale:

1) Proper DMRS patterns are enough in FR1 [10]
2) High required density of DMRS and presence of AGC and guard period [28]
· Issue 10-3: Others
· Company’s proposal: SL CSI-RS can be transmitted either with or without data [5]
· Company’s proposal: Support both periodic and aperiodic RS for CSI measurement [20]
Observation
· Majority companies support CSI-RS for NR sidelink. 
· Majority companies support PT-RS for NR sidelink in FR2.
Proposal for agreement:
· Decide whether to support CSI-RS based on the progress in 7.2.4.1.2

Proposal for agreement:
· Support PT-RS for PSSCH in FR2
Issue 11: Others
· Issue 11-1: Whether to support PSDCH
· Company’s proposal: Design a sidelink discovery message and procedure, and a physical sidelink discovery channel (PSDCH) for NR V2X [1]
· Rationale:

1) Unicast and groupcast modes require the transmitting and receiving UEs to be aware of each other’s presence
· Company’s proposal: Physical channel for SL discovery is not separately designed [11]
1) It is stated that there is no discovery channel like that of ProSe (i.e., PC5-D) in TR 23.786.

Proposal for agreement:
· RAN1 to conclude on the need of physical channel for discovery in RAN1#96.
· Option 1: Separate physical channel for discovery.

· Option 2: Use PSCCH/PSSCH for discovery.
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Appendix: Previous agreements
Agreements in RAN1 #94

Agreements:

· At least PSCCH and PSSCH are defined for NR V2X. PSCCH at least carries information necessary to decode PSSCH.

· Note: PSBCH will be discussed in the synchronization agenda.
· RAN1 continues study on the necessity of other channels. 
· Further study on
· Whether/which sidelink feedback information is carried by PSCCH or by another channel/signal.
· Whether/which information to assist resource allocation and/or schedule UE’s transmission resource(s) is carried by PSCCH or by another channel/signal.
· PSCCH format(s) and content(s) for unicast, groupcast, and broadcast
Agreements:
· RAN1 to continue study on the physical channel considering at least the following aspects:
· Waveform
· Candidates: CP-OFDM, DFT-s-OFDM
· Proposals from companies:
· CP-OFDM only
· Support both
· Consideration points:
· Different channel can have different waveform?
· Benefit and impact of supporting only one waveform and supporting both waveforms
· Subcarrier spacing
· Candidates for further study are: 
· FR1: 15 kHz, 30 kHz, 60 kHz, 120 kHz 
· FR2: 30 kHz, 60 kHz, 120 kHz, 240 kHz
· Companies are encouraged to consider the potential issues and benefit of introducing new subcarrier spacing.
· CP length
· RS design
· Candidates are:
· DM-RS
· DM-RS defined in Rel-15 NR Uu is the starting point.
· PT-RS
· CSI-RS
· SRS
· AGC training signal
· Channel coding
· For data, channel coding defined for data in Rel-15 NR Uu is the starting point.
· For control, channel coding defined for control in Rel-15 NR Uu is the starting point.
· Modulation
· RE mapping and rate-matching
· Scrambling
Agreements:

· RAN1 continues study on the necessity, benefits and relationship between bandwidth part and resource pool.
Agreements:

Agree the following assumptions as tentative assumptions for the simulation at least till RAN1#94bis

· AGC
· Up to [15] us in FR1. Up to [10] us in FR2.
· TX/RX switching time
· [13] us in FR1 and [7] us in FR2
· Time error
· Up to [0.4] us between a UE and its synchronization reference
· Frequency error
· Up to [0.1] PPM between a UE and its synchronization reference
Agreements:

RAN1 to continue study on multiplexing physical channels considering at least the above aspects:

· Multiplexing of PSCCH and the associated PSSCH (here, the “associated” means that the PSCCH at least carries information necessary to decode the PSSCH).
· Study further the following options: 
· Option 1: PSCCH and the associated PSSCH are transmitted using non-overlapping time resources.
· Option 1A: The frequency resources used by the two channels are the same.
· Option 1B: The frequency resources used by the two channels can be different.
· Option 2: PSCCH and the associated PSSCH are transmitted using non-overlapping frequency resources in the all the time resources used for transmission. The time resources used by the two channels are the same.
· Option 3: A part of PSCCH and the associated PSSCH are transmitted using overlapping time resources in non-overlapping frequency resources, but another part of the associated PSSCH and/or another part of the PSCCH are transmitted using non-overlapping time resources.
Illustration of the above options:
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Agreements in RAN1#94bis 

Agreements:

· NR sidelink supports the SCSs supported by Uu in a given frequency range, i.e., {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2.

· FFS the supported CP length
· Baseline is that a UE is not required to receive sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
· Baseline is that a UE is not required to transmit sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
Continue discussion on the wavefom till next meeting – companies are encouraged to perform more analysis/evaluations.

Agreements:

For PSCCH and associated PSSCH multiplexing

· At least one of Option 1A, 1B, and 3 is supported.
· FFS whether some options require transient period between PSCCH and PSSCH.
· FFS whether to support Option 2
R1-1812017
Agreements:

Sidelink control information (SCI) is defined.
SCI is transmitted in PSCCH.
SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.
NDI, if defined, is a part of SCI.
Sidelink feedback control information (SFCI) is defined.
SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.
FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.
FFS how to include other feedback information (if supported) in SFCI.
FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel
FFS in the context of Mode 1:
whether/how to convey information for SCI on downlink
whether/how to convey information of SFCI on uplink
Agreements:

At least resource pool is supported for NR sidelink

Resource pool is a set of time and frequency resources that can be used for sidelink transmission and/or reception.
FFS whether a resource pool consists of contiguous resources in time and/or frequency.
A resource pool is inside the RF bandwidth of the UE.
FFS how gNB and other UEs know the RF bandwidth of the UE
FFS if BWP (if defined) can be used to in defining at least part of resource pool

FFS if the numerology of a resource pool is indicated as a part of (pre-)configuration for resource pool, carrier, band, or BWP (if defined)
UE assumes a single numerology in using a resource pool.
Multiple resource pools can be configured to a single UE in a given carrier.
FFS how to use multiple resource pools when (pre-)configured.
FFS BWP is supported for NR sidelink

FFS whether RAN1 can assume that at most one BWP is configured in a carrier from the system perspective.
It is RAN1 understanding that, in some cases, the entire system bandwidth is covered by a single BWP.
FFS the details of BWP configurations, including the possibility of restricting the number of BWPs

FFS whether BWP for TX and RX is separated or a common BWP applied to both TX and RX
There is at most one activated sidelink BWP for a UE in a given carrier as in the Uu case

Further study the feasibility, benefit, and impact of sidelink BWP switching
Aim to conclude in RAN1#95

Companies are encouraged to provide more analysis, including checking current Rel-15 specification regarding BWP related text

Agreements in RAN1#95 

Agreements:

· At least CP-OFDM is supported.

· Continue study on whether to support DFT-S-OFDM including the potential issues and the following potential benefit:

· Synchronization coverage enhancement

· PSCCH coverage enhancement, e.g., with Option 2 of PSCCH/PSSCH multiplexing with the restriction that PSCCH and PSSCH use adjacent frequency resources

· Feedback channel coverage enhancement

· A single waveform is used in all the sidelink channels in a carrier.

· Note: A sequence based channel can be supported in any waveform.

· (Pre-)configuration will be used to determine the used waveform if the specification supports multiple waveforms.

Agreements:

· For PSCCH/PSSCH in FR1, NR V2X supports normal CP for 15kHz, 30kHz, 60kHz, and extended CP for 60kHz.
· FFS extended CP for 30 kHz in FR1.
· FFS CP for PSCCH/PSSCH in FR2
· E.g., NR V2X supports normal CP for 60kHz and 120kHz, and extended CP for 60kHz

· FFS extended CP for 120 kHz in FR2.
· Only one combination of CP length and SCS is used in a carrier at a given time for NR V2X UEs communicating with each other using SL

Agreements:
· BWP is defined for NR sidelink.

· In a licensed carrier, SL BWP is defined separately from BWP for Uu from the specification perspective.

· FFS the relation with Uu BWP.

· The same SL BWP is used for both Tx and Rx.
· Each resource pool is (pre)configured within a SL BWP. 

· Only one SL BWP is (pre)configured for RRC idle or out of coverage NR V2X UEs in a carrier. 
· For RRC connected UEs, only one SL BWP is active in a carrier. No signalling is exchanged in sidelink for activation and deactivation of SL BWP.
· Working assumption: only one SL BWP is configured in a carrier for a NR V2X UE

· Revisit in the next meeting if significant issues are found

· Numerology is a part of SL BWP configuration. 
Note: This does not intend to make restriction in designing the sidelink aspects related to SL BWP.

Note: This does not preclude the possibility where a NR V2X UE uses a Tx RF bandwidth the same as or different than the SL BWP.

Working assumption:
· Regarding PSCCH / PSSCH multiplexing, at least option 3 is supported for CP-OFDM.
· RAN1 assumes that transient period is not needed between symbols containing PSCCH and symbols not containing PSCCH in the supported design of option 3.

· FFS how to determine the starting symbol of PSCCH and the associated PSSCH
· FFS for other options. e.g. whether some of them are supported to increase PSCCH coverage.
Send an LS to RAN4 to ask the following for options 1A/1B/3 (adding details of 1A/1B/3 in the LS) – R1-1814089, which is endorsed with the following updates:

· Fixing email address

· “identified” to “are studying”

Final LS in R1-1814165
Working assumption:

· For RAN1 evaluation purpose only, until RAN4 response on AGC and switching time, it is assumed that one symbol is used for AGC and another one symbol is used for TX/RX switching.

Note: TX/RX switching includes transition in the power amplifier.

