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1. List in the chronological order 
<RAN1 #82>
<RAN1 #82bis>
Agreements:
· Rel-13 sidelink resource allocation is not sufficient for some of the scenarios for PC5-based V2V
· Enhancements to Rel-13 sidelink resource allocation are necessary for PC5-based V2V

Agreements:
· The resource allocation principles listed below should be studied for PC5-based V2V (note that other schemes are not precluded):

· Network control aspect

· At least when a UE is inside coverage of an eNB on the carrier where PC5 is performed (i.e., Uu and PC5 share the carrier), the eNB controls at least some parameters that affects UE resource selection.

· When a UE operates PC5 in a carrier where no cell is detected but it is inside coverage of an eNB in another carrier (i.e., different carriers for Uu and PC5), network may control at least some parameters that affects UE resource selection.

· At least when the PC5 and Uu carriers are allocated to the same operator, RAN1 assumes that eNB has at least some controls. FFS for the other cases. 

· UE autonomous resource selection can be configured for a UE inside network coverage.

· eNB control above includes

· Exact resources for transmission or set of resources for UE autonomous selection

· FFS: other parameters

· Resource pool

· The concept of resource pool is introduced at least for the purpose of study.

· Resource pool is a set of time/frequency resources where PC5 transmission may occur. Note that Rel-12 D2D communication mode 1 uses all the time/frequency resources as data pool. 

· FFS whether Rel-12 resource pool configuration is reused for PC5-based V2V.

· FFS the number of resource pools configured for a UE

· The need for defining multiple resource pools should be justified.

· FFS whether the number of SA pools can be different from the number of data pools and, if can, FFS whether multiple SA pools can be associated with the same data pool.

· Scheduling assignment

· Each data transmission is scheduled by an SA.

· FFS whether SA and Data are not transmitted on separate physical channels:

· In case of separate channels, study whether SA pool and data pool are orthogonal or can overlap.

· FFS whether SA and data from a single transmitter can be transmitted in the same subframe

· Study the number of transmissions of a given TB

· Study the number of transmissions of a given SA

· FFS whether a single SA may schedule multiple TBs

· FFS whether the time/frequency resources of a given SA is independent of the time/frequency resources of the associated data

· Enhancement to resource selection/structure

· Study which of the following principle(s) is(are) beneficial:

· Collision avoidance

· A UE identifies the resources that will be occupied and/or collided by the other UEs and avoids a colliding resource allocation for its transmission.

· FFS

· Details of the identification of the occupied and/or collided resources, e.g., by reading other UEs’ SA and/or sensing the energy level

· How to select the resources and MCS for transmission

· Whether a UE performs the resource selection procedure for every transmission, and if not, what triggers reselection

· FFS if the initial selection and reselection procedures are the same or not

· Whether signaling from eNB (e.g., information on the resource load) or another UE is beneficial. 

· Whether resource in this context is in the physical domain or the logical domain

· Resource selection based on transmitter-specific information

· Example 1: Resource allocation based on the location, velocity, and/or direction of the transmitter and/or distance between vehicles.

· Example 2: A UE reports its observation on the radio environment to help eNB scheduling

· Enhanced resource randomization

· Example is increasing the number of time resource patterns.

· Introducing a finer time resource granularity and/or a coarser frequency resource granularity 

· Semi-persistent scheduling from eNB for PC5 transmissions

· Cross-carrier scheduling

· eNB sends control via a carrier to schedule sidelink resource in another carrier not associated with the carrier used for the control transmission.

· FFS in which scenario(s) this principle is beneficial

· Differentiation of radio transmission characteristics based at least on higher layer properties

· FFS which other aspect(s) will also differentiate radio transmission characteristics

· FFS radio transmission characteristics

· Transmission power control and/or setting

· Use different transmission power e.g., depending on scenario

· This includes the possibility of using zero power (i.e., muting)

· Resource allocation robust to temporal interruption due to, e.g., handover, RLF, cell reselection

· Assumptions for further study:
· Tradeoff between system and link level performance can be studied.
· Assumption on the target link budget in link level:
· 150 m in NLOS Urban case
· 320 m in Freeway case
Agreements:
· The following observation is captured in TR: “DMRS needs to be enhanced for PC5-based V2V”

· Baseline: SC-FDM is used for V2V transmission in each physical channel

· Enhancement at least includes:

· Increase DMRS density to reduce time interval between DMRS sequences

· Enhance DMRS structure to increase frequency offset compensation range

· Study at least the following DMRS structure:

· Reuse PUSCH DMRS

· Other options are not precluded, i.e., 
· PUSCH DMRS with Comb (similar as structure of SRS)

· New DMRS patterns spread over time and frequency, that may be frequency multiplexed with DFT-precoded data at least in some symbols

· Increased subcarrier spacing

· All options should solve any complexity and standardization impact including analysis of frequency synchronization accuracy
Agreements:
· “Vehicle” UE indicates UE in PC5 V2V. This terminology is only used for discussion convenience.

· GNSS or GNSS-equivalent is at the highest priority of synchronization source for time and frequency when the vehicle UE directly receives GNSS or GNSS-equivalent with sufficient reliability and the UE does not detect any cell in any carrier.

· eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS or GNSS-equivalent at least when the eNB is in the carrier where the vehicle UE operates on PC5 V2V

· Priority of GNSS or GNSS-equivalent for other cases needs further study

· Priority of other synchronization source needs further study

· Scenarios with there is no eNB coverage and GNSS or GNSS-equivalent coverage need to be studied
· RAN1 will not optimize only for this scenario
· This scenario needs to be supported from the synchronization perspective
· RAN1 assumes that eNBs may not always have GNSS or GNSS-equivalent

· Asynchronous network case should be supported.

· Perspectives for further study:

· eNB assistant information, e.g.

· Timing offset to UTC

· TA or eNB location

· others

<RAN1 #83>
Agreements:
The following resource allocation principles are deemed necessary for PC5-based V2V:
· Scheduling assignment

· Each data transmission is scheduled by an SA. A UE knows at least time and frequency location of data transmission(s) after decoding the associated SA.
· FFS the indication is implicit, explicit, or both
· If SA and the associated data from a single transmitter is transmitted in different subframes:
· FFS details
· If SA and the associated data from a single transmitter are transmitted in the same subframe:
· Q: Is it possible to support the case where data transmission in a subframe occurs without associated SA transmitted in the same subframe?
· Alt 1: SA and Data are transmitted on separate physical channels (i.e., separated DFT precoding for SA and data):

· RAN1 assumes that RAN4 will study the proper transmission characteristics (e.g, MPR) to support this.
· FFS whether SA and data transmissions in the same subframe are always adjacent in the frequency domain.
· In case of separate channels, study whether SA pool and data pool are orthogonal or can overlap.

· Alt 2: A single DFT precoding applies to SA and data transmitted in the same subframe.
· The whole bandwidth is divided into one or multiple sub-channels. 
· The transmission bandwidth of SA/data is fixed to the bandwidth of a single sub-channel.
· Alt 3: SA and data are TDMed within one subframe.
· The transmission bandwidth of SA is fixed.
· Study the number of transmissions of a given TB

· Study the number of transmissions of a given SA

· FFS whether a single SA may schedule multiple TBs

· FFS whether the time/frequency resources of a given SA is independent of the time/frequency resources of the associated data

R1-157603
WF on UE autonomous resource selection principles
LG Electronics, Huawei, HiSilicon, CATT, Nokia Networks
The following is captured in TR 36.843:
· Enhancement to UE autonomous resource selection

· Collision avoidance based on sensing (P1), enhanced random resource selection (P2), and location-based resource selection (P3) are shown to provide gain when each of them is evaluated individually.

· Further discussion is needed to identify whether operating a combination of the principles provides more gain than operating an individual principle.

· It is understood that a combination of P1 and P2 is possible at least in the following example:

· In resource selection, a UE by sensing excludes the resources that will be occupied by other UEs, and the enhanced random selection applies to the remaining resources.

· It is understood that a combination of P1 and P3 is possible at least in the following example:

· Subsets of resources are associated with sets of UE location, and a UE performs P1 in the subset which is associated with its current location.

· It is understood that a combination of P2 and P3 is possible at least in the following example:

· Subsets of resources are associated with sets of UE location, and a UE performs P2 in the subset which is associated with its current location.

· Details FFS

Agreements:
Resource allocation principles
· RAN1 observes potential benefit of adapting transmitter behavior from physical layer viewpoint:
· It is noted that RAN1 has not evaluated the feasibility of any adaptation mechanism.
· FFS
· Which specific behavior is adapted
· E.g., Reducing message transmission rate and/or dropping some messages, 
· What the adaptation is based on
· E.g., when the vehicle density is high, 
· Whether service requirement can be adapted accordingly in some scenarios
· RAN1 observes potential benefit of UE reporting its observation on the radio environment of PC5 carrier and/or its location to help eNB scheduling. However, the uplink signaling overhead, handover issue, burden caused by the increased number of RRC_Connected UEs have not been evaluated.
· RAN1 observes potential benefit of increasing subcarrier spacing. However, the impact of a smaller length of normal CP, ICI to/from legacy channels, AGC, timing advance, potential change in the inband emission have not been evaluated.
Agreements:
· Confirm the baseline on SC-FDM is used for V2V transmission in each physical channel

· Working assumption: Increase DMRS density to 4 symbols per 1ms with reusing PUSCH DMRS sequence in each physical sidelink channel except for PSBCH

· FFS location of DMRS
· Possible options for evaluation and further study will be discussion during this week
· FFS the number and location of DMRS in PSBCH (if PSBCH is supported)
· Possible options for evaluation and further study will be discussion if PSBCH is supported during this week
· If RAN1 finds working assumption does not work, i.e. the performance cannot meet requirements for PC5 V2V at least including consideration on whether RAN1 working assumption of frequency offset is confirmed, the first priority should be given to DMRS structure with Comb (like SRS). 
· There should be considerations on receiver complexity when working assumption is confirmed.

Agreements:
Options of DM RS location for evaluation (counting from #0)
· Other options are not precluded.
· For normal CP with 15 kHz subcarrier spacing
· Option 1: #2, #5, #8, #11
· Note: This is for regular spacing.
· Option 2: #1, #5, #8, #12
· Note: Reuse RS location of PUCCH format 2
· Option 3: #2, #4, #9, #11
· Note: Frequency offset estimation first using {#2, #4} and {#9, #11}
· Option 4: #3, #6, #7, #10
· Note: Frequency offset estimation first using {#6, #7}
· Assumption: Transmissions in a single TTI (i.e., no HARQ retransmission). It is encouraged to evaluate both SA and data. 
· Baseline: QPSK with coding rate of 0.5
· Optional: QPSK with coding rate of 0.7, 16QAM with coding rate 0.5 (only for data)
· Frequency error: Baseline is to evaluate both {Case 1+Case B} and {Case 2+Case A}. Other cases can be considered, e.g., based on RAN4 feedback.
· Case 1: The extreme case should be assumed, i.e., +0.1 PPM for TX and -0.1 PPM for RX w.r.t. UE’s sync reference. 
· Performance in Case 1 is to check whether the system can work in the extreme case.
· Case 2: Frequency error in each UE is uniformly distributed [-0.1, 0.1] PPM w.r.t. UE’s sync reference.
· Frequency error between sync references of TX and RX:
· Case A: 0 error (i.e., the same reference)
· Case B: The extreme case should be assumed, i.e., +0.05 PPM for TX’s reference and -0.05 PPM for RX’s reference w.r.t. the absolute frequency.
· Companies should describe the receiver algorithm of the evaluated options.
Agreements:
Synchronization
SLSS and PSBCH transmission of UE is supported for PC5 based V2V. 

· UE capability of SLSS transmission will be discussed later.
· Rel. 12/13 physical format of SLSS/PSBCH is the starting point.

· FFS number and location of PSBCH DM RS
· FFS PSSS root index, SLSS ID
· Rel. 12/13 sync procedure (e.g., sync reference priority) is the starting point.

· FFS PSBCH contents
· “GNSS or GNSS-equivalent is at the highest priority of synchronization source for time and frequency when the vehicle UE directly receives GNSS or GNSS-equivalent with sufficient reliability and the UE does not detect any cell in any carrier.”

· RAN1 needs to study the impact of this existing agreement on Uu operation.
Agreements:
The following sync procedure should be supported:
· Priority of synchronization source includes at least transmission timing reference.

· FFS whether there is any differentiation depending on whether eNB is synchronized to GNSS in the corresponding SLSS transmissions

· SLSS transmitted from out-coverage UE directly synchronized with GNSS or GNSS equivalent with sufficient reliability is differentiated from SLSS_net with in coverage indicator 1

Agreements:
· At least reuse priority order SLSS_net with in coverage indicator 1, SLSS_net with in coverage indicator 0, SLSS_oon

· FFS: any new priorities can be defined if benefits are shown

· FFS: Definition of SLSS_net, SLSS_oon
· FFS: GNSS or GNSS equivalent priority
· Working assumption: Priority of SLSS transmitted from in-coverage UE directly synchronized with GNSS or GNSS equivalent with sufficient reliability is the same as that of  SLSS_net with in coverage indicator 1

· FFS: SLSS transmitted from in-coverage UE using GNSS or GNSS equivalent is configured by eNB

· FFS: whether the configured SLSS uses the same configuration as Rel-12 D2D SLSS or not
· FFS: SLSS transmitted from in-coverage UE using GNSS or GNSS equivalent is taken from SLSS_net with in coverage indicator 1

· FFS: Periodicity of synchronization resource
· FFS: Criteria to select between signals received with the same priority (e.g., up to UE implementation)
<RAN1 #84>
Agreements:
· Adopt DMRS location option 1 for PSCCH/PSSCH for V2V

· Working assumption: 15 kHz subcarrier spacing with 1 msec TTI length
· Note: 30 kHz subcarrier spacing with a possibility of less than 1 msec TTI length is not precluded
· Note: 15 kHz subcarrier spacing with a possibility of less than 1 msec TTI length is not precluded
· Note: only one subcarrier spacing and one TTI length will be supported in V2V
Conclusion:
· Continue performance evaluations with following additional assumptions until the next meeting
· At least 1 micro sec timing error
· 1 PRB 
· 15 kHz and 30 kHz subcarrier spacing to confirm WA in the next meeting
· Companies can consider RAN4 response LS related to Doppler shift parameter
Agreements:
· For PSBCH, reuse the same reference signal type that will be agreed for PSSCH and PSCCH
· DMRS density for PSBCH is FFS between 2 and 3 symbols per 1 ms.
· PSSS/SSSS location is not changed.
· Synchronization resource period for this new PSBCH format/synchronization signal is X(FFS) ms.
· Companies are encouraged to investigate the PSBCH periodicity from 40 ~ 640.
Agreements:
· Sensing with semi-persistent transmission is supported

· UE transmits PSSCH (when data is available) on a selected set of periodically occurring resources until a resource reselection occurs

· Other details are FFS

· Sets of resources among which a UE selects can be restricted based on the geo information of the UE

· Send LS to RAN2 asking them to enable mapping a set of locations to a set of resources

Conclusion:
· Geo-information (e.g. vehicle location) signaled in the radio layers can be used by eNB, e.g., for sidelink resource allocation.
· This does not preclude reporting any other information to eNB.
· Note: Using geo-information at the transmitter UE for UE autonomous resource selection is already agreed.
Agreements:
· Mechanisms to report UE geographical information to the eNB are supported.

· FFS the protocol and exact content of the report

· FFS whether the report is carried as L1 control information (in which case it is FFS which physical channel(s) carry such information) or L2/3 control information (e.g, MAC or RRC signaling).

Agreements:
· For  sidelink V2V communication mode-1, sidelink semi-persistent scheduling from the eNB is supported

· Sidelink semi-persistent scheduling means that the eNB allocates a set of periodically occurring resources for sidelink SA and data transmission.

· If the UE does not have data to transmit, UE does not transmit PSSCH
· FFS the details of signaling

· Resource allocation/release process FFS, may be different than existing LTE SPS scheme

Agreements:
· For V2V communication on the PC5 interface:
· Option 1: Transmission of SA and its associated data on same subframe is supported
· This does not preclude SA and its associated data transmission in different subframes
· FFS other details
· Option 2: Each SA transmission precedes all of its associated data transmissions.
· FFS the timing relation between SA and its associated data
· FFS which option(s) to support for which type of traffic/resource allocation
· UE is not required to decode data that are transmitted before the subframe containing the successfully decoded associated SA.
· Further restrictions on number of PSCCH and PSSCH to be decoded in a subframe shall be considered
· Details FFS
Agreements:
· SA pool and its associated data pool can be FDMed
· Channel coding and DFT precoding between PSCCH and PSSCH are separated

· Scheduling assignment of PSSCH is transmitted on PSCCH from this UE
· RB size of PSCCH is fixed in the specification.

· FFS contents of PSCCH

Working assumption:
· No new synchronization signal sequence is defined in V2V 
<RAN1 #84bis>
The three alternatives:

· Alt 1: 

· “4V structure” for PSSCH/PSCCH is kept (which is already an agreement in RAN1)

· In order to support 500 km/h relative speed case,  lowering the coding rate can be used

· FFS how to adapt MCS, RB size, and/or number of transmission subframes depending on the situation

· This may or may not have any specification impact

· Confirm the working assumption: 

· 15 kHz subcarrier spacing with 1 msec TTI length

· Supported by:

· LG Electronics, Huawei, HiSilicon, Samsung, CATT, ZTE, Nokia, ASB, OPPO (9)

· Objected by: 

· E///, QC

· Alt 4: Alt 2 + Alt 3 (with 30kzh tone spacing)

· Supported by: Intel, Ericsson, Qualcomm, ITRI (4)

· Alt 5: Alt 1 + adapt MCS, the number of RBs, and number of transmission subframes depending on the UE absolute speed and UE synchronization source (e.g, GNSS or eNB)

· FFS: One or more PSCCH format(s) need to be supported

· Supported by: Ericsson, Huawei, HiSi, LGE, ZTE, CATT, Nokia net., Vodafone, CATR, Samsung, Sharp, Sony, ASB, Lenovo, OPPO, Xinwei (16)

Working assumption:
· Alt. 5

Agreement:
· Both SA decoding and energy measurement are supported for sensing in UE autonomous resource selection.

· FFS how each of SA decoding and energy measurement is used.

· Note: strive for a design with managable complexity especially in terms of SA blind decodes, UE buffer, etc.

Agreement:
· If at TTI n resource selection/reselection is triggered in UE autonomous resource selection mode,

· The UE at least senses between TTI n-a and TTI n-b (FFS a and b with a>b>0), where a and b are integers

· Working assumption: The values a and b are common for V2V UEs. 

· UE selects time-frequency resource(s) for PSSCH 

· UE transmits SA in TTI n+c where c is an integer

· FFS whether c is a fixed value (>= 0) or variable.

Agreement:
· In UE autonomous resource selection mode, SA can be transmitted for every TB.

· FFS whether to support transmitting and/or receiving TB without SA

· FFS whether every data (re)transmission for the same TB has the associated SA transmission.
Agreement:
· In UE autonomous resource selection mode,

· UE transmits SA at TTI n+c indicating the associated data which is transmitted at TTI n+d (FFS d with d>=c), where c and d are integers

· UE indicates whether it intends to reuse the frequency resource signaled for transmission at TTI n+d for potential transmission at TTI n+e for another TB (FFS e with d<e), where e is an integer

· FFS whether this indication is implicit or explicit.

· FFS if and how to signal the value for e

· FFS how the UE determines the value for e

· FFS whether e is a single value or can be multiple values

· FFS whether, and if so how, a UE can notify later that it no longer intends to use the resource at TTI n+e.

· FFS how the UE decides to indicate this

· Other details FFS

Agreement:
· Proposal 1: 

· Priority handling is supported over PC5 for eNB-scheduled and UE- autonomous V2V communication 

· Proposal 2: 

· The priority information is taken into account in the resource (re)selection for UE-autonomous mode

· Further details are FFS

· Proposal 3:

· Down-select between two alternatives at RAN1#85 meeting

· Alt.1 Priority information is signaled in SCI

· Alt.2 Priority information is not signaled in SCI 

Conclusion for Energy measurement for sensing:

· Continue discussion until next meeting for the following options for the purpose of resource selection for PSSCH
· Measurement of reception power of the decoded SA
· Measurement of energy in SA resource
· Measurement of energy in data resource
Agreement:
· Reselection is triggered if
· A counter meets an expiration condition, or
· The counter is reset to a value when reselection is triggered.
· FFS whether this value is random, fixed, and/or the same across UEs
· UE identifies that the current resource allocation cannot fulfil the requirement, e.g., latency, reliability, priority, fairness, or QoS requirement (details FFS), or
· FFS how to impose limitation in the resource size selected by a UE
· Working assumption: UE detects resource allocation (including the indication of the intention of reusing the frequency resource as per the existing agreement) of another UE which potentially overlaps with its current resource allocation (including the indication of the intention of reusing the frequency resource as per the existing agreement)  and the detected situation meets a condition, or
· The condition is FFS, not precluding applying different conditions for different priorities (if any relevant case happens in priority handling from RAN1 point of view).
· eNB triggers reselection, or
· FFS whether some information needs to reported from UE to eNB
· FFS additional condition(s), e.g.,
· If it is supported that a UE can notify later that it no longer intends to use the resource at a future TTI, reselection triggering condition related to this notification.
· Reselection triggered by notification on resource collision from another UE
· Reselection triggered by sensing of resources utilization above a threshold
· Reselection triggered by higher layer
· Other conditions are not precluded
Agreement:
· For SPS of V2V traffic for mode-1 SPS on PC5:

· The eNB may configure multiple SPS configurations for a given UE

· At least SPS-configuration-specific MCS (if MCS is part of the SPS-configuration) and SPS-configuration-specific periodicity can be configured

· FFS if/which other SPS parameters can differ across the SPS-configurations

· The eNB can dynamically trigger/release the different SPS-configurations by use of (E)PDCCH

· Details of the trigger/release are FFS

· Working assumption: The UE can indicate to the eNB that it does not intend to transmit data before a transmission associated to an SPS configuration

· FFS any details of the signaling protocol

· FFS whether eNB acknowledgment of the UE indication is needed

Agreement:
· When SA and the associated data are transmitted in the same TTI, they can be transmitted in non-adjacent RBs.
Working assumption: 

· In V2V, SA resource and data resource are always FDMed from system perspective

· If significant issues are found, can consider further supporting TDM

Agreement:
· A data pool is always associated with an SA pool.
· An RB of an SA pool in a TTI cannot be included in the associated data pool.
· An RB of an SA pool in a TTI cannot be included in another SA pool (if exists).
· Working assumption: At least an RB of a data pool in a TTI can be included in another data pool (if exists).
· An RB of an SA pool in a TTI cannot be included an un-associated data pool (if exists)

Agreement:
· The following two cases are supported:

· SA and the associated data are transmitted in the same TTI, 

· SA and the associated data are transmitted in different TTIs

· The scheduling timing between SA and associated data is variable

· In UE-autonomous resource selection mode, the timing is chosen by the transmitting UE from a configurable range

· In eNB-scheduling mode, the timing is determined by eNB
· SA includes information about the scheduling timing

· Note: the association does not necessarily include the case of intention of using the resources for a different TB, if any (which is FFS)

Agreement:
· The followings are supported for the purpose of coexistence between PC5-based V2V and WAN:

· Sidelink open loop power control is re-used for SL TX for V2V

· FFS RSRP based resource selection

· SL TX for V2V can be prioritized over WAN TX 

· FFS the details (e.g., applicability to Mode 1 and/or Mode 2, etc), especially whether existing D2D mechanism can be reused,

· The prioritization is managable by eNB. Details FFS.

· The same receiver capability of D2D communication UEs is assumed for V2V UEs. That is, a Rx chain is available at all time to receive V2V signals without affecting WAN reception (from RAN1 perspective) when the UE is configured to receive V2V.

Agreement:
· Whether eNB timing or GNSS timing is prioritized can be per carrier cell-specifically configured by the cell on which an UE camps

· The carrier that UE camps on can be different carrier other than the carrier that the priority is configured

· If the UE does not receive such a configuration, UE selects synchronization source with the same priority order as out of coverage case

· FFS: The priority order for out of coverage case

2. List by topics 
<Physical layer channel format>
Agreements in RAN1 #82bis:
· The following observation is captured in TR: “DMRS needs to be enhanced for PC5-based V2V”

· Baseline: SC-FDM is used for V2V transmission in each physical channel

· Enhancement at least includes:

· Increase DMRS density to reduce time interval between DMRS sequences

· Enhance DMRS structure to increase frequency offset compensation range

· Study at least the following DMRS structure:

· Reuse PUSCH DMRS

· Other options are not precluded, i.e., 
· PUSCH DMRS with Comb (similar as structure of SRS)

· New DMRS patterns spread over time and frequency, that may be frequency multiplexed with DFT-precoded data at least in some symbols

· Increased subcarrier spacing

· All options should solve any complexity and standardization impact including analysis of frequency synchronization accuracy
Agreements in RAN1 #83:
· Confirm the baseline on SC-FDM is used for V2V transmission in each physical channel

· Working assumption: Increase DMRS density to 4 symbols per 1ms with reusing PUSCH DMRS sequence in each physical sidelink channel except for PSBCH

· FFS location of DMRS
· Possible options for evaluation and further study will be discussion during this week
· FFS the number and location of DMRS in PSBCH (if PSBCH is supported)
· Possible options for evaluation and further study will be discussion if PSBCH is supported during this week
· If RAN1 finds working assumption does not work, i.e. the performance cannot meet requirements for PC5 V2V at least including consideration on whether RAN1 working assumption of frequency offset is confirmed, the first priority should be given to DMRS structure with Comb (like SRS). 
· There should be considerations on receiver complexity when working assumption is confirmed.

Agreements in RAN1 #83:
Options of DM RS location for evaluation (counting from #0)
· Other options are not precluded.
· For normal CP with 15 kHz subcarrier spacing
· Option 1: #2, #5, #8, #11
· Note: This is for regular spacing.
· Option 2: #1, #5, #8, #12
· Note: Reuse RS location of PUCCH format 2
· Option 3: #2, #4, #9, #11
· Note: Frequency offset estimation first using {#2, #4} and {#9, #11}
· Option 4: #3, #6, #7, #10
· Note: Frequency offset estimation first using {#6, #7}
· Assumption: Transmissions in a single TTI (i.e., no HARQ retransmission). It is encouraged to evaluate both SA and data. 
· Baseline: QPSK with coding rate of 0.5
· Optional: QPSK with coding rate of 0.7, 16QAM with coding rate 0.5 (only for data)
· Frequency error: Baseline is to evaluate both {Case 1+Case B} and {Case 2+Case A}. Other cases can be considered, e.g., based on RAN4 feedback.
· Case 1: The extreme case should be assumed, i.e., +0.1 PPM for TX and -0.1 PPM for RX w.r.t. UE’s sync reference. 
· Performance in Case 1 is to check whether the system can work in the extreme case.
· Case 2: Frequency error in each UE is uniformly distributed [-0.1, 0.1] PPM w.r.t. UE’s sync reference.
· Frequency error between sync references of TX and RX:
· Case A: 0 error (i.e., the same reference)
· Case B: The extreme case should be assumed, i.e., +0.05 PPM for TX’s reference and -0.05 PPM for RX’s reference w.r.t. the absolute frequency.
· Companies should describe the receiver algorithm of the evaluated options.
Agreements in RAN1 #84:
· Adopt DMRS location option 1 for PSCCH/PSSCH for V2V

· Working assumption: 15 kHz subcarrier spacing with 1 msec TTI length
· Note: 30 kHz subcarrier spacing with a possibility of less than 1 msec TTI length is not precluded
· Note: 15 kHz subcarrier spacing with a possibility of less than 1 msec TTI length is not precluded
· Note: only one subcarrier spacing and one TTI length will be supported in V2V
Conclusion:
· Continue performance evaluations with following additional assumptions until the next meeting
· At least 1 micro sec timing error
· 1 PRB 
· 15 kHz and 30 kHz subcarrier spacing to confirm WA in the next meeting
· Companies can consider RAN4 response LS related to Doppler shift parameter
Working assumption in RAN1 #84bis
The three alternatives:

· Alt 1: 

· “4V structure” for PSSCH/PSCCH is kept (which is already an agreement in RAN1)

· In order to support 500 km/h relative speed case,  lowering the coding rate can be used

· FFS how to adapt MCS, RB size, and/or number of transmission subframes depending on the situation

· This may or may not have any specification impact

· Confirm the working assumption: 

· 15 kHz subcarrier spacing with 1 msec TTI length

· Supported by:

· LG Electronics, Huawei, HiSilicon, Samsung, CATT, ZTE, Nokia, ASB, OPPO (9)

· Objected by: 

· E///, QC

· Alt 4: Alt 2 + Alt 3 (with 30kzh tone spacing)

· Supported by: Intel, Ericsson, Qualcomm, ITRI (4)

· Alt 5: Alt 1 + adapt MCS, the number of RBs, and number of transmission subframes depending on the UE absolute speed and UE synchronization source (e.g, GNSS or eNB)

· FFS: One or more PSCCH format(s) need to be supported

· Supported by: Ericsson, Huawei, HiSi, LGE, ZTE, CATT, Nokia net., Vodafone, CATR, Samsung, Sharp, Sony, ASB, Lenovo, OPPO, Xinwei (16)

Working assumption in RAN1 #84bis:
· Alt. 5

<Resource allocation – general aspects>
Agreements in RAN1 #82bis:
· Rel-13 sidelink resource allocation is not sufficient for some of the scenarios for PC5-based V2V
· Enhancements to Rel-13 sidelink resource allocation are necessary for PC5-based V2V

Agreements in RAN1 #82bis:
· The resource allocation principles listed below should be studied for PC5-based V2V (note that other schemes are not precluded):

· Network control aspect

· At least when a UE is inside coverage of an eNB on the carrier where PC5 is performed (i.e., Uu and PC5 share the carrier), the eNB controls at least some parameters that affects UE resource selection.

· When a UE operates PC5 in a carrier where no cell is detected but it is inside coverage of an eNB in another carrier (i.e., different carriers for Uu and PC5), network may control at least some parameters that affects UE resource selection.

· At least when the PC5 and Uu carriers are allocated to the same operator, RAN1 assumes that eNB has at least some controls. FFS for the other cases. 

· UE autonomous resource selection can be configured for a UE inside network coverage.

· eNB control above includes

· Exact resources for transmission or set of resources for UE autonomous selection

· FFS: other parameters

· Resource pool

· The concept of resource pool is introduced at least for the purpose of study.

· Resource pool is a set of time/frequency resources where PC5 transmission may occur. Note that Rel-12 D2D communication mode 1 uses all the time/frequency resources as data pool. 

· FFS whether Rel-12 resource pool configuration is reused for PC5-based V2V.

· FFS the number of resource pools configured for a UE

· The need for defining multiple resource pools should be justified.

· FFS whether the number of SA pools can be different from the number of data pools and, if can, FFS whether multiple SA pools can be associated with the same data pool.

· Scheduling assignment

· Each data transmission is scheduled by an SA.

· FFS whether SA and Data are not transmitted on separate physical channels:

· In case of separate channels, study whether SA pool and data pool are orthogonal or can overlap.

· FFS whether SA and data from a single transmitter can be transmitted in the same subframe

· Study the number of transmissions of a given TB

· Study the number of transmissions of a given SA

· FFS whether a single SA may schedule multiple TBs

· FFS whether the time/frequency resources of a given SA is independent of the time/frequency resources of the associated data

· Enhancement to resource selection/structure

· Study which of the following principle(s) is(are) beneficial:

· Collision avoidance

· A UE identifies the resources that will be occupied and/or collided by the other UEs and avoids a colliding resource allocation for its transmission.

· FFS

· Details of the identification of the occupied and/or collided resources, e.g., by reading other UEs’ SA and/or sensing the energy level

· How to select the resources and MCS for transmission

· Whether a UE performs the resource selection procedure for every transmission, and if not, what triggers reselection

· FFS if the initial selection and reselection procedures are the same or not

· Whether signaling from eNB (e.g., information on the resource load) or another UE is beneficial. 

· Whether resource in this context is in the physical domain or the logical domain

· Resource selection based on transmitter-specific information

· Example 1: Resource allocation based on the location, velocity, and/or direction of the transmitter and/or distance between vehicles.

· Example 2: A UE reports its observation on the radio environment to help eNB scheduling

· Enhanced resource randomization

· Example is increasing the number of time resource patterns.

· Introducing a finer time resource granularity and/or a coarser frequency resource granularity 

· Semi-persistent scheduling from eNB for PC5 transmissions

· Cross-carrier scheduling

· eNB sends control via a carrier to schedule sidelink resource in another carrier not associated with the carrier used for the control transmission.

· FFS in which scenario(s) this principle is beneficial

· Differentiation of radio transmission characteristics based at least on higher layer properties

· FFS which other aspect(s) will also differentiate radio transmission characteristics

· FFS radio transmission characteristics

· Transmission power control and/or setting

· Use different transmission power e.g., depending on scenario

· This includes the possibility of using zero power (i.e., muting)

· Resource allocation robust to temporal interruption due to, e.g., handover, RLF, cell reselection

· Assumptions for further study:
· Tradeoff between system and link level performance can be studied.
· Assumption on the target link budget in link level:
· 150 m in NLOS Urban case
· 320 m in Freeway case
Agreements in RAN1 #83:
The following resource allocation principles are deemed necessary for PC5-based V2V:
· Scheduling assignment

· Each data transmission is scheduled by an SA. A UE knows at least time and frequency location of data transmission(s) after decoding the associated SA.
· FFS the indication is implicit, explicit, or both
· If SA and the associated data from a single transmitter is transmitted in different subframes:
· FFS details
· If SA and the associated data from a single transmitter are transmitted in the same subframe:
· Q: Is it possible to support the case where data transmission in a subframe occurs without associated SA transmitted in the same subframe?
· Alt 1: SA and Data are transmitted on separate physical channels (i.e., separated DFT precoding for SA and data):

· RAN1 assumes that RAN4 will study the proper transmission characteristics (e.g, MPR) to support this.
· FFS whether SA and data transmissions in the same subframe are always adjacent in the frequency domain.
· In case of separate channels, study whether SA pool and data pool are orthogonal or can overlap.

· Alt 2: A single DFT precoding applies to SA and data transmitted in the same subframe.
· The whole bandwidth is divided into one or multiple sub-channels. 
· The transmission bandwidth of SA/data is fixed to the bandwidth of a single sub-channel.
· Alt 3: SA and data are TDMed within one subframe.
· The transmission bandwidth of SA is fixed.
· Study the number of transmissions of a given TB

· Study the number of transmissions of a given SA

· FFS whether a single SA may schedule multiple TBs

· FFS whether the time/frequency resources of a given SA is independent of the time/frequency resources of the associated data

Agreements in RAN1 #83
The following is captured in TR 36.843:
· Enhancement to UE autonomous resource selection

· Collision avoidance based on sensing (P1), enhanced random resource selection (P2), and location-based resource selection (P3) are shown to provide gain when each of them is evaluated individually.

· Further discussion is needed to identify whether operating a combination of the principles provides more gain than operating an individual principle.

· It is understood that a combination of P1 and P2 is possible at least in the following example:

· In resource selection, a UE by sensing excludes the resources that will be occupied by other UEs, and the enhanced random selection applies to the remaining resources.

· It is understood that a combination of P1 and P3 is possible at least in the following example:

· Subsets of resources are associated with sets of UE location, and a UE performs P1 in the subset which is associated with its current location.

· It is understood that a combination of P2 and P3 is possible at least in the following example:

· Subsets of resources are associated with sets of UE location, and a UE performs P2 in the subset which is associated with its current location.

· Details FFS

Agreements in RAN1 #83:
Resource allocation principles
· RAN1 observes potential benefit of adapting transmitter behavior from physical layer viewpoint:
· It is noted that RAN1 has not evaluated the feasibility of any adaptation mechanism.
· FFS
· Which specific behavior is adapted
· E.g., Reducing message transmission rate and/or dropping some messages, 
· What the adaptation is based on
· E.g., when the vehicle density is high, 
· Whether service requirement can be adapted accordingly in some scenarios
· RAN1 observes potential benefit of UE reporting its observation on the radio environment of PC5 carrier and/or its location to help eNB scheduling. However, the uplink signaling overhead, handover issue, burden caused by the increased number of RRC_Connected UEs have not been evaluated.
· RAN1 observes potential benefit of increasing subcarrier spacing. However, the impact of a smaller length of normal CP, ICI to/from legacy channels, AGC, timing advance, potential change in the inband emission have not been evaluated.
Agreement in RAN1 #84bis:
· Proposal 1: 

· Priority handling is supported over PC5 for eNB-scheduled and UE- autonomous V2V communication 

· Proposal 2: 

· The priority information is taken into account in the resource (re)selection for UE-autonomous mode

· Further details are FFS

· Proposal 3:

· Down-select between two alternatives at RAN1#85 meeting

· Alt.1 Priority information is signaled in SCI

· Alt.2 Priority information is not signaled in SCI 

<Resource allocation – resource pool and PSCCH/PSSCH multiplexing>
Agreements in RAN1 #84:
· SA pool and its associated data pool can be FDMed
· Channel coding and DFT precoding between PSCCH and PSSCH are separated

· Scheduling assignment of PSSCH is transmitted on PSCCH from this UE
· RB size of PSCCH is fixed in the specification.

· FFS contents of PSCCH

Agreements in RAN1 #84:
· For V2V communication on the PC5 interface:
· Option 1: Transmission of SA and its associated data on same subframe is supported
· This does not preclude SA and its associated data transmission in different subframes
· FFS other details
· Option 2: Each SA transmission precedes all of its associated data transmissions.
· FFS the timing relation between SA and its associated data
· FFS which option(s) to support for which type of traffic/resource allocation
· UE is not required to decode data that are transmitted before the subframe containing the successfully decoded associated SA.
· Further restrictions on number of PSCCH and PSSCH to be decoded in a subframe shall be considered
· Details FFS
Agreement in RAN1 #84bis:
· When SA and the associated data are transmitted in the same TTI, they can be transmitted in non-adjacent RBs.
Working assumption in RAN1 #84bis: 

· In V2V, SA resource and data resource are always FDMed from system perspective

· If significant issues are found, can consider further supporting TDM

Agreement in RAN1 #84bis:
· A data pool is always associated with an SA pool.
· An RB of an SA pool in a TTI cannot be included in the associated data pool.
· An RB of an SA pool in a TTI cannot be included in another SA pool (if exists).
· Working assumption: At least an RB of a data pool in a TTI can be included in another data pool (if exists).
· An RB of an SA pool in a TTI cannot be included an un-associated data pool (if exists)

Agreement in RAN1 #84bis:
· The following two cases are supported:

· SA and the associated data are transmitted in the same TTI, 

· SA and the associated data are transmitted in different TTIs

· The scheduling timing between SA and associated data is variable

· In UE-autonomous resource selection mode, the timing is chosen by the transmitting UE from a configurable range

· In eNB-scheduling mode, the timing is determined by eNB
· SA includes information about the scheduling timing

· Note: the association does not necessarily include the case of intention of using the resources for a different TB, if any (which is FFS)

<Resource allocation –signalling to/from eNB>
Agreements in RAN1 #84:
· Mechanisms to report UE geographical information to the eNB are supported.

· FFS the protocol and exact content of the report

· FFS whether the report is carried as L1 control information (in which case it is FFS which physical channel(s) carry such information) or L2/3 control information (e.g, MAC or RRC signaling).

Conclusion in RAN1 #84:
· Geo-information (e.g. vehicle location) signaled in the radio layers can be used by eNB, e.g., for sidelink resource allocation.
· This does not preclude reporting any other information to eNB.
· Note: Using geo-information at the transmitter UE for UE autonomous resource selection is already agreed.
Agreements in RAN1 #84:
· For  sidelink V2V communication mode-1, sidelink semi-persistent scheduling from the eNB is supported

· Sidelink semi-persistent scheduling means that the eNB allocates a set of periodically occurring resources for sidelink SA and data transmission.

· If the UE does not have data to transmit, UE does not transmit PSSCH
· FFS the details of signaling

· Resource allocation/release process FFS, may be different than existing LTE SPS scheme

Agreement in RAN1 #84bis:
· For SPS of V2V traffic for mode-1 SPS on PC5:

· The eNB may configure multiple SPS configurations for a given UE

· At least SPS-configuration-specific MCS (if MCS is part of the SPS-configuration) and SPS-configuration-specific periodicity can be configured

· FFS if/which other SPS parameters can differ across the SPS-configurations

· The eNB can dynamically trigger/release the different SPS-configurations by use of (E)PDCCH

· Details of the trigger/release are FFS

· Working assumption: The UE can indicate to the eNB that it does not intend to transmit data before a transmission associated to an SPS configuration

· FFS any details of the signaling protocol

· FFS whether eNB acknowledgment of the UE indication is needed

<Resource allocation – UE autonomous resource selection>
Agreements in RAN1 #84:
· Sensing with semi-persistent transmission is supported

· UE transmits PSSCH (when data is available) on a selected set of periodically occurring resources until a resource reselection occurs

· Other details are FFS

· Sets of resources among which a UE selects can be restricted based on the geo information of the UE

· Send LS to RAN2 asking them to enable mapping a set of locations to a set of resources

Agreement in RAN1 #84bis:
· Both SA decoding and energy measurement are supported for sensing in UE autonomous resource selection.

· FFS how each of SA decoding and energy measurement is used.

· Note: strive for a design with managable complexity especially in terms of SA blind decodes, UE buffer, etc.

Agreement in RAN1 #84bis:
· If at TTI n resource selection/reselection is triggered in UE autonomous resource selection mode,

· The UE at least senses between TTI n-a and TTI n-b (FFS a and b with a>b>0), where a and b are integers

· Working assumption: The values a and b are common for V2V UEs. 

· UE selects time-frequency resource(s) for PSSCH 

· UE transmits SA in TTI n+c where c is an integer

· FFS whether c is a fixed value (>= 0) or variable.

Agreement in RAN1 #84bis:
· In UE autonomous resource selection mode, SA can be transmitted for every TB.

· FFS whether to support transmitting and/or receiving TB without SA

· FFS whether every data (re)transmission for the same TB has the associated SA transmission.

Agreement in RAN1 #84bis:
· In UE autonomous resource selection mode,

· UE transmits SA at TTI n+c indicating the associated data which is transmitted at TTI n+d (FFS d with d>=c), where c and d are integers

· UE indicates whether it intends to reuse the frequency resource signaled for transmission at TTI n+d for potential transmission at TTI n+e for another TB (FFS e with d<e), where e is an integer

· FFS whether this indication is implicit or explicit.

· FFS if and how to signal the value for e

· FFS how the UE determines the value for e

· FFS whether e is a single value or can be multiple values

· FFS whether, and if so how, a UE can notify later that it no longer intends to use the resource at TTI n+e.

· FFS how the UE decides to indicate this

· Other details FFS

Conclusion in RAN1#84bis for Energy measurement for sensing:

· Continue discussion until next meeting for the following options for the purpose of resource selection for PSSCH
· Measurement of reception power of the decoded SA
· Measurement of energy in SA resource
· Measurement of energy in data resource
Agreement in RAN1 #84bis:
· Reselection is triggered if
· A counter meets an expiration condition, or
· The counter is reset to a value when reselection is triggered.
· FFS whether this value is random, fixed, and/or the same across UEs
· UE identifies that the current resource allocation cannot fulfil the requirement, e.g., latency, reliability, priority, fairness, or QoS requirement (details FFS), or
· FFS how to impose limitation in the resource size selected by a UE
· Working assumption: UE detects resource allocation (including the indication of the intention of reusing the frequency resource as per the existing agreement) of another UE which potentially overlaps with its current resource allocation (including the indication of the intention of reusing the frequency resource as per the existing agreement)  and the detected situation meets a condition, or
· The condition is FFS, not precluding applying different conditions for different priorities (if any relevant case happens in priority handling from RAN1 point of view).
· eNB triggers reselection, or
· FFS whether some information needs to reported from UE to eNB
· FFS additional condition(s), e.g.,
· If it is supported that a UE can notify later that it no longer intends to use the resource at a future TTI, reselection triggering condition related to this notification.
· Reselection triggered by notification on resource collision from another UE
· Reselection triggered by sensing of resources utilization above a threshold
· Reselection triggered by higher layer
· Other conditions are not precluded
<Coexistence of PC5 and Uu>
Agreement in RAN1 #84bis:
· The followings are supported for the purpose of coexistence between PC5-based V2V and WAN:

· Sidelink open loop power control is re-used for SL TX for V2V

· FFS RSRP based resource selection

· SL TX for V2V can be prioritized over WAN TX 

· FFS the details (e.g., applicability to Mode 1 and/or Mode 2, etc), especially whether existing D2D mechanism can be reused,

· The prioritization is managable by eNB. Details FFS.

· The same receiver capability of D2D communication UEs is assumed for V2V UEs. That is, a Rx chain is available at all time to receive V2V signals without affecting WAN reception (from RAN1 perspective) when the UE is configured to receive V2V.

<Synchronization>
Agreements in RAN1 #82bis:
· “Vehicle” UE indicates UE in PC5 V2V. This terminology is only used for discussion convenience.

· GNSS or GNSS-equivalent is at the highest priority of synchronization source for time and frequency when the vehicle UE directly receives GNSS or GNSS-equivalent with sufficient reliability and the UE does not detect any cell in any carrier.

· eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS or GNSS-equivalent at least when the eNB is in the carrier where the vehicle UE operates on PC5 V2V

· Priority of GNSS or GNSS-equivalent for other cases needs further study

· Priority of other synchronization source needs further study

· Scenarios with there is no eNB coverage and GNSS or GNSS-equivalent coverage need to be studied
· RAN1 will not optimize only for this scenario
· This scenario needs to be supported from the synchronization perspective
· RAN1 assumes that eNBs may not always have GNSS or GNSS-equivalent

· Asynchronous network case should be supported.

· Perspectives for further study:

· eNB assistant information, e.g.

· Timing offset to UTC

· TA or eNB location

· others

Agreements in RAN1 #83:
Synchronization
SLSS and PSBCH transmission of UE is supported for PC5 based V2V. 

· UE capability of SLSS transmission will be discussed later.
· Rel. 12/13 physical format of SLSS/PSBCH is the starting point.

· FFS number and location of PSBCH DM RS
· FFS PSSS root index, SLSS ID
· Rel. 12/13 sync procedure (e.g., sync reference priority) is the starting point.

· FFS PSBCH contents
· “GNSS or GNSS-equivalent is at the highest priority of synchronization source for time and frequency when the vehicle UE directly receives GNSS or GNSS-equivalent with sufficient reliability and the UE does not detect any cell in any carrier.”

· RAN1 needs to study the impact of this existing agreement on Uu operation.
Agreements in RAN1 #83:
The following sync procedure should be supported:
· Priority of synchronization source includes at least transmission timing reference.

· FFS whether there is any differentiation depending on whether eNB is synchronized to GNSS in the corresponding SLSS transmissions

· SLSS transmitted from out-coverage UE directly synchronized with GNSS or GNSS equivalent with sufficient reliability is differentiated from SLSS_net with in coverage indicator 1

Agreements in RAN1 #83:
· At least reuse priority order SLSS_net with in coverage indicator 1, SLSS_net with in coverage indicator 0, SLSS_oon

· FFS: any new priorities can be defined if benefits are shown

· FFS: Definition of SLSS_net, SLSS_oon
· FFS: GNSS or GNSS equivalent priority
· Working assumption: Priority of SLSS transmitted from in-coverage UE directly synchronized with GNSS or GNSS equivalent with sufficient reliability is the same as that of  SLSS_net with in coverage indicator 1

· FFS: SLSS transmitted from in-coverage UE using GNSS or GNSS equivalent is configured by eNB

· FFS: whether the configured SLSS uses the same configuration as Rel-12 D2D SLSS or not
· FFS: SLSS transmitted from in-coverage UE using GNSS or GNSS equivalent is taken from SLSS_net with in coverage indicator 1

· FFS: Periodicity of synchronization resource
· FFS: Criteria to select between signals received with the same priority (e.g., up to UE implementation)
Agreements in RAN1 #84:
· For PSBCH, reuse the same reference signal type that will be agreed for PSSCH and PSCCH
· DMRS density for PSBCH is FFS between 2 and 3 symbols per 1 ms.
· PSSS/SSSS location is not changed.
· Synchronization resource period for this new PSBCH format/synchronization signal is X(FFS) ms.
· Companies are encouraged to investigate the PSBCH periodicity from 40 ~ 640.
Working assumption in RAN1 #84:
· No new synchronization signal sequence is defined in V2V 
Agreement in RAN1 #84bis:
· Whether eNB timing or GNSS timing is prioritized can be per carrier cell-specifically configured by the cell on which an UE camps

· The carrier that UE camps on can be different carrier other than the carrier that the priority is configured

· If the UE does not receive such a configuration, UE selects synchronization source with the same priority order as out of coverage case

· FFS: The priority order for out of coverage case

[image: image1.png]


[image: image2.png]



PAGE  
28

