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Introduction
The changes shown below over the endorsed TR 38.885 v0.1.1 are to reflect agreements reached during RAN1#95 up to the end of Thursday 15 November, 2018.
<begin TP for TR 38.885 Section 5>
5
Sidelink (PC5) aspects

5.1
NR sidelink unicast, groupcast, and broadcast design

For the purposes of physical layer analysis, it is assumed that higher layers decide if unicast, groupcast, or broadcast transmission is to be used for a particular data transfer, and they correspondingly inform the physical layer. When considering a unicast or groupcast transmission, it is assumed that the UE is able to establish which unicast or groupcast session a transmission belongs to, and that the following information is known to the physical layer:

-
Identities:

-
The layer-1 destination ID, conveyed via PSCCH

-
Additional layer-1 ID(s), conveyed via PSCCH, at least for the purpose of identifying which transmissions can be combined in reception when HARQ feedback is in use (see Section 5.1.2.2)-
HARQ process ID

The following topics are studied for unicast and/or groupcast in section 5.1.2: HARQ feedback, CSI acquisition, open-loop and/or closed-loop power control, link adaptation, multi-antenna transmission scheme.
5.1.1
Physical layer structures

In this section, the design of a physical sidelink control channel (PSCCH), a physical sidelink shared channel (PSSCH), a physical sidelink feedback channel (PSFCH( [insert others later…], and other matters related to physical layer structures are studied. For design of the physical sidelink broadcast channel (PSBCH), refer to Section 5.2.

Editor's note: The arrangement of the following sections may be updated depending on further agreements in RAN1.
5.1.1.1
Waveform

A single waveform is used for all the SL channels in a carrier. The waveform used in the study is CP-OFDM, at least. For DFT-S-OFDM, aspects to study include: coverage enhancement of SL synchronization, PSCCH, and PSFCH. In case specifications support multiple waveforms, (pre-)configuration will determine which is in use
5.1.1.2
Subcarrier spacing and cyclic prefix

The subcarrier spacings supported in FR1 are 15, 30and 60 kHz; in FR2 they are 60 and 120 kHz. Normal CP is supported in FR1 for 15 kHz, 30 kHz and 60 kHz subcarrier spacing, and extended CP for 60 kHz subcarrier spacing. A UE is not required to receive simultaneously sidelink transmissions with more than one subcarrier spacing with a given CP, nor transmit simultaneously sidelink transmissions with more than one subcarrier spacing with a given CP. The numerology configuration is part of the SL BWP configuration (see Section 5.1.1.6).
5.1.1.3
Modulation

5.1.1.4
Scrambling

5.1.1.5
Channel coding

The channel coding defined for data and control in NR Uu are respectively the starting points for data and control on the NR SL.
5.1.1.6
Sidelink bandwidth parts and resource pools
BWP is defined for SL, and the same SL BWP is used for transmission and reception. In specification terms, a licensed carrier, SL BWP would be defined separately from Uu BWP. One SL BWP is (pre-)configured for RRC IDLE and out-of-coverage NR V2X UEs in a carrier. For UEs in RRC_CONNECTED mode, one SL BWP is active in a carrier.

Only one SL BWP is configured in a carrier (editor’s note: this is a RAN1 working assumption).
A resource pool is a set of time-frequency resources that can be used for sidelink transmission and/or reception. From the UE point of view, the resource pool is inside the UE’s bandwidth, and has a single numerology. Multiple resource pools can be configured to a UE in a carrier.
It is possible that a UE uses a SL TX RF bandwidth which is different than or the same as the SL BWP.
5.1.1.7
RE mapping and rate matching

5.1.1.8
Reference signals

Candidate reference signals are: DM-RS (starting from the Rel-15 NR Uu design), PT-RS, CSI-RS, SRS, and AGC training signal.

5.1.2
Physical layer procedures

In this section, physical layer procedures are studied. For procedures related to sidelink synchronization, refer to Section 5.2
5.1.2.1
Multiplexing of physical channels

For the purposes of this section, a PSSCH is said to be "associated" to a PSCCH when the PSCCH carries at least the sidelink control information (SCI) necessary to decode the PSSCH. The following options for multiplexing of a PSCCH and associated PSSCH are studied:
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: 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
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Figure 1: Illustration of multiplexing options for PSCCH and associated PSSCH.
5.1.2.2
HARQ feedback

For sidelink unicast and groupcast, HARQ feedback and HARQ combining in the physical layer are supported. HARQ-ACK feedback for a PSSCH is carried in sidelink feedback control information (SFCI) format(s) via PSFCH.
5.1.2.3
CSI acquisition and link adaptation

The usefulness, when it is available, of information representing the channel between the transmitter and receiver, and of information representing the interference at the receiver is studied. Examples of this information are CQI, PMI, RI, RSRP, RSRQ, pathgain/pathloss, SRI, CRI, interference condition, vehicle motion.
5.1.2.4
Power control

5.1.2.5
Multi antenna transmission scheme
5.2
Synchronization
The V2X SL synchronization includes the following:

-
SL synchronization signals: SL primary synchronization signal (S-PSS), SL secondary synchronization signal (S-SSS)

-
Physical SL broadcast channel (PSBCH)

-
SL synchronization sources and procedures

5.2.1
S-PSS, S-SSS, PSBCH

S-PSS, S-SSS and PSBCH are structured in a block format (S-SSB) which supports periodic transmission. The S-SSB has the same numerology (i.e. SCS and CP length) as PSCCH/PSSCH in a carrier, and its transmission bandwidth is within the (pre-)configured SL BWP. 
5.2.2
Synchronization procedure

SL synchronization sources are GNSS, gNB, eNB, NR UE. An eNB can be a synchronization source only for NR UEs which support LTE Uu/PC5 or LTE Uu. The study considers operation when the NR sidelink is synchronized with an LTE sidelink, and where the NR and LTE sidelink synchronization procedures operate independently.
5.3
Resource allocation

The study defines at least the following two SL resource allocation modes:

Mode 1: BS schedules SL resource(s) to be used by UE for SL transmission(s). See section 6.2.1.

Mode 2: UE determines, i.e. BS does not schedule, SL transmission resource(s) within SL resources configured by BS/network or pre-configured SL resources.
The definition of SL resource allocation Mode 2 covers:

a)
UE autonomously selects SL resource for transmission
b)
UE assists SL resource selection for other UE(s)

c)
UE is configured with NR configured grant (Type-1 like) for SL transmission

d)
UE schedules SL transmissions of other UEs
Editor's note: The  above list is subject to further refinement including merging some or all of them, depending on the study of which functionalities and aspects are parts of which Modes.

5.3.1
Sensing


This section studies sensing- and resource (re-)selection-related procedures. The sensing procedure considered is defined as decoding SCI(s) from other UEs and/or SL measurements. The resource (re-)selection procedure considered uses the results of the sensing procedure to determine resource(s) for SL transmission.
5.3.2
Mode 2(a)

The study considers SL sensing and resource selection procedures for Mode 2(a), in the context of a semi-persistent scheme where resource(s) are selected for multiple transmissions of different TBs and a dynamic scheme where resource(s) are selected for each TB transmission.

The following techniques are studied to identify occupied SL resources:

-
Decoding of SL control channel transmissions

-
SL measurements

-
Detection of SL transmissions

The following aspects are studied for sidelink resource selection

-
How a UE selects resource for PSCCH and PSSCH transmission (and other sidelink physical channel/signals that are defined)

-
Which information is used by UE for resource selection procedure
5.3.3
Mode 2(b)





Mode 2(b) is a functionality that can be part of Mode 2(a),(c), (d) operation.
5.3.4
Mode 2(c)
For out-of-coverage operation, Mode 2(c) assumes a (pre-)configuration of single or multiple sidelink transmission patterns, defined on each SL resource pool. For in-coverage operation, Mode 2(c) assumes that gNB configuration indicates single or multiple SL transmission patterns, defined on each SL resource pool. If there is a single pattern configured to a transmitting UE, there is no sensing procedure executed by UE, while if multiple patterns are configured, there is a possibility of a sensing procedure.

A ‘pattern’ is defined by the size and position(s) of the resource in time and frequency, and the number of resources.








5.3.5
Mode 2(d)

The procedures to become or serve as a scheduling UE for in-coverage and out-of-coverage scenarios are studied as follows:

-
Scheduling UE is configured by gNB

-
Application layer or pre-configuration selects scheduling UE

-
Receiver UE schedules transmissions of the transmitter UE during the session

-
Scheduling UE is decided by multiple UEs including the one that is finally selected. The UE may autonomously decide to serve as a scheduling UE / offer scheduling UE functions (i.e. by self-nomination).







 

5.4
L2/L3 protocols
<end TP>
<begin TP for TR 38.885, Annex A>
Annex A:
Evaluation assumptions

A.1
Simulation profiles

Simulation profiles are defined in Table A.1-1.

Table A.1-1: Simulation profiles

	
	Unicast
	Multicast
	Broadcast
	Mixture

	Sidelink frequency (GHz)
	6, 30
	6, 30 
	6, 30
	6, 30

	Traffic models
	Periodic: Medium intensity; [50] ms inter-packet arrival, [50]% vehicles generate packets.
Aperiodic: Medium intensity, 100% vehicles generate packets.
Periodic and aperiodic traffic are simulated separately.
	Periodic: Medium intensity; [50] ms inter-packet arrival, [50]% vehicles generate packets.
Aperiodic: Medium intensity, 100% vehicles generate packets.
Periodic and aperiodic traffic are simulated separately.
	Periodic: Medium intensity; [50] ms inter-packet arrival, [50]% vehicles generate packets
Aperiodic: Medium intensity, 100% vehicles generate packets.
Periodic and aperiodic traffic are simulated separately.
	33%, 33%, 34% vehicles generate unicast, multicast, broadcast packets, respectively. For each traffic type, 50% is periodic and 50% is aperiodic.
Periodic: Medium intensity; 100 ms inter-packet arrival
Aperiodic: Medium intensity

	Simulation environment, UE drop and mobility
	Highway: Option A
Urban: Option A
	Highway: Option A
Urban: Option A
	Highway: Option A
Urban: Option A
	Highway: Option A
Urban: Option A

	Number of Tx/Rx antenna elements for vehicle UE1
	2Tx/4Rx for 6 GHz
FFS for 30 GHz
	2Tx/4Rx for 6 GHz
FFS for 30 GHz
	2Tx/4Rx for 6 GHz
FFS for 30 GHz
	2Tx/4Rx for 6 GHz
FFS for 30 GHz

	Antenna model for vehicle UE
	Option 1
	Option 1
	Option 1
	Option 1

	Channel model
	As defined
	As defined
	As defined
	As defined

	SL simulation bandwidth (MHz)
	20 MHz for 6 GHz
100 MHz for 30 GHz
	20 MHz for 6 GHz
100 MHz for 30 GHz
	20 MHz for 6 GHz
100 MHz for 30 GHz
	20 MHz for 6 GHz
100 MHz for 30 GHz

	NOTE 1:
The number of antennas can be increased for the evaluations for transmissions using more than 2 layers.


The transmitter-receiver association model in [5] is used, with setting X and Y to [150 meters for Urban and 320 meters for Freeway] as baseline. Other values of X and Y are not precluded. When evaluating V2I based on Uu, it is assumed that the packet is generated at the location where UE-type RSU is placed.

A.2
Link-level simulation parameters

Link-level simulation parameters are defined in Table A.2-1.

Table A.2-1: Link-level simulation parameters
	Parameter
	Assumption

	AGC settling time1
	FR1: One symbol
FR2: One symbol

	TX/RX switching time1
	FR1: One symbol
FR2: One symbol

	Timing error
	Up to [0.4] μs between a UE and its synchronization source

	Frequency error
	Up to [0.1] ppm between a UE and its synchronization source

	Initial frequency error for sidelink synchronization2
	Uniformly distributed in ±[5] ppm

	NOTE 1: Working assumption for RAN1 evaluation purposes only, pending RAN4 information. The symbol used for AGC settling time is not the same symbol as that used for TX/RX switching time.

NOTE 2:
This is the error of the local oscillator for transmission and reception with respect to the absolute carrier frequency.


Simulation parameters for synchronization evaluat3ions are defined in Table A.2-2.
Table A.2-2: Simulation parameters for synchronization evaluations
	 
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	6 GHz
	30 GHz

	Channel Model
	CDL channel models 

	Subcarrier Spacing(s)
	15, 30, 60 kHz
	60, 120 kHz

	SNR Range
	> -6 dB
	> -6 dB

	UE Speed
	3 km/h, 120 km/h  (mandatory)
30km/h, 250 km/h (optional)
	3 km/hr, 120 km/h (mandatory)

	Interference model
	Scenario 1: no interference

Scenario 2: effect of interference includes in the model
	Scenario 1: no interference



	Initial Frequency Offset


	TX: Uniform distribution within [-5, 5] ppm of nominal carrier frequency
RX: Uniform distribution within [-5, 5] ppm of nominal carrier frequency


<end TP>
