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[bookmark: _Toc16858525]Foreword
This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, certain modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
NOTE 1:	The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
NOTE 2:	The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
NOTE 3:	The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
NOTE 4:	The constructions "can" and "cannot" shall not to be used as substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
NOTE 5:	The constructions "is" and "is not" do not indicate requirements.
[bookmark: _Toc16858526]Introduction
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1	Scope
The present document …
[bookmark: _Toc16858528]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905 : "Vocabulary for 3GPP Specifications".
[2]	3GPP TR 36.885: "Study on LTE-based V2X Services".
[3]	ETSI EN 302 637-2: "Specification of Cooperative Awareness Basic Service".
[4]	SAE J2735: "Dedicated Short Range Communications (DSRC) Message Set Dictionary".
[5]	ETSI EN 302 637-3: "Specifications of Decentralized Environmental Notification Basic Service".
[6]	3GPP TS 22.185: "Service requirements for V2X services".
[7]	3GPP TS 22.186: "Enhancement of 3GPP support for V2X scenarios".
[8]	3GPP TS 36.211: "Physical channels and modulation".
[9]	3GPP TS 36.212: "Multiplexing and channel coding".
[10]	3GPP TS 36.331: "Radio Resource Control (RRC)".
[11]	3GPP TS 36.101: "User Equipment (UE) radio transmission and reception".
[12]	3GPP TS 36.214: "Measurements".

[bookmark: _Toc16858529]3	Definitions of terms, symbols and abbreviations
This clause and its three subclauses are mandatory. The contents shall be shown as "void" if the TS/TR does not define any terms, symbols, or abbreviations.
[bookmark: _Toc16858530]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc16858531]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc16858532]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
Where the same abbreviation is used for LTE V2X and NR V2X, which is meant can be derived from the section within which it appears, unless otherwise stated.
BSM	Basic safety message
CA	Carrier aggregation
CAM	Cooperative awareness message
CBR	Channel busy ratio
CR	Channel usage ratio
DENM	Decentralized environmental notification message
DMRS	Demodulation reference signal
MBSFN	Multicast-broadcast single-frequency network
MNO	Mobile network operator
PPPP	ProSe per-packet priority
PPPR	ProSe per-packet reliability
PSBCH	Physical sidelink broadcast channel
PSCCH	Physical sidelink control channel
PSSCH	Physical sidelink shared channel
P-UE	Pedestrian UE
RSU	Roadside unit
SA	Scheduling assignment
SCI	Sidelink control information
SC-PTM	Single-cell point-to-multipoint
SL-BCH	Sidelink broadcast channel
SLSS	Sidelink synchronization signal
PSSS, S-PSS	Primary sidelink synchronization signal (LTE), sidelink primary synchronization signal (NR)
SSSS, S-SSS	Secondary sidelink synchronization signal (LTE), sidelink secondary synchronization signal (NR)
S-RSSI	Sidelink received signal strength indicator
V2I	Vehicle-to-infrastructure
V2P	Vehicle-to-pedestrian
V2V	Vehicle-to-vehicle
V2X	Vehicle-to-everything

[bookmark: _Toc16858533]4	Services and requirements
Explanatory note: Explanation of BSM, CAM, DENM for LTE, and advanced services for NR. Summary of requirements from TS 22.185 and TS 22.186.
LTE-V2X is designed with BSM, CAM, and DENM particularly in mind. BSMs and CAMs have the characteristic of generating periodic messages at intervals, whereas DENMs are event-triggered. As an illustration of the different message types, in [2], BSM/CAM were modelled, for evaluation purposes, as periodically occurring sets of one 300-byte message followed by four 190-byte messages. These types of message regularly broadcast information such as the vehicle’s heading, speed, latitude/longitude, etc. [3], [4]. In [2], DENMs were modelled, for evaluation purposes, as Poisson distributed initiations of six 800-byte messages spaced by 100 ms. DENMs can contain various different messages depending on the cause for their transmission, such as imminent collision, sudden braking, or detection of a traffic jam, amongst others [5]. The requirements relating to traffic size and pattern for LTE-V2X set in [6] can be summarized as follows, although they do not limit the usage of LTE-V2X. Other requirements relating to general system function are also included in [6].
-	Support for periodic broadcast messages with payloads of 50-300 bytes.
-	Support for event-triggered messages with payloads of up to 1200 bytes.
-	Up to 10 messages per second transmitted by a UE.
-	V2V and V2P latency of maximum 100 ms, or for V2V pre-crash sensing, maximum 20 ms.
-	V2I latency, i.e. between a UE and RSU, of maximum 100 ms.
-	V2N latency, i.e. when transferring messages via the cellular network, of maximum 1000 ms.
-	Maximum relative velocity between two vehicles of 500 km/h, and maximum absolute velocity of 250 km/h for V2V and V2P UEs, and of a UE communicating with an RSU.
-	Requirements relating to security, integrity, authorization, and privacy.
[bookmark: _Toc16858534]5	LTE V2X
[bookmark: _Toc16858535]5.1	V2X Ssidelink physical layer
Explanatory note: Summary of LTE sidelink physical layer as used in, and extended for, LTE-V2X.
The LTE V2X sidelink supports broadcast transmission of messages in the physical layer, since this is a suitable approach for delivery BSM, CAM, DENM and similar traffic. In the MAC layer, a broadcast address can be mapped to a single UE or a group of UEs by implementation. Such implementation techniques have no particular specification support in LTE, and are transparent to the physical layer. 
[bookmark: _Toc16858536]5.1.1	Physical sidelink channels and signals
The LTE V2X sidelink uses the following physical channels and signals:
-	Physical sidelink broadcast channel (PSBCH), specified in [8, section 9.6]
-	Physical sidelink control channel (PSCCH), specified in [8, section  9.4]
-	Physical sidelink shared channel (PSSCH), specified in [8, section 9.3]
-	Primary and secondary sidelink synchronization signals (PSSS and SSSS) specified in [8, section 9.7]. These can be referred to jointly as the sidelink synchronization signal (SLSS).
-	A demodulation reference signal (DMRS) associated with each of the three physical channels, specified in [8, section 9.8]
LTE-V2X sidelink physical channels are transmitted using SC-FDMA.
PSBCH transmits the SL-BCH transport channel, which carries the sidelink V2X Master Information Block (MIB-V2X) from the RRC layer. When in use, PSBCH transmits MIB-V2X every 160 ms in the central 72 subcarriers of the SL bandwidth. DMRS associated with PSBCH are transmitted in the 5th, 7th, and 10th symbols of the subframe.
PSSS and SSSS are transmitted to allow other UEs to achieve sidelink synchronization when they do not have another source of synchronization available. They jointly convey the SLSS ID selected by the UE. For further details of SLSS and synchronization, refer to Section 5.1.2. PSSS/SSSS also allow UEs to detect the sidelink subframe boundary, with subframe number and frame number signalled in MIB-V2X.
PSSCH transmits the SL-SCH transport channel, which carries the TBs of data for transmission over SL. The resources in which PSSCH is transmitted can either be scheduled by an eNB and granted to the UE by a DCI (termed resource allocation mode 3, see Section 5.2.2.1) or determined through a sensing procedure conducted autonomously by the transmitting UE (termed resource allocation mode 4, see Section 5.2.2.2). A given TB can be transmitted once or twice, with a second transmission occurring a time gap after the first which is indicated in the scheduling SCI.
PSCCH transmits physical layer sidelink control information (SCI), also known as a scheduling assignment (SA). For V2X, PSCCH is transmitted in two frequency-adjacent PRBs, and always carries SCI format 1, defined in [9, section 5.4.3.1.2]. To receive PSCCH, a UE has to monitor each defined pair of PRBs to determine whether PSCCH has been transmitted in them. PSCCH is transmitted in the same subframe(s) as the associated PSSCH, and can be transmitted in PRBs that are either frequency adjacent or frequency non-adjacent to the PSSCH. 
DMRS associated with PSSCH and PSCCH are transmitted in the 3rd, 6th, 9th, and 12th symbols of a subframe.
[bookmark: _Toc16858537]5.1.2	Sidelink synchronization
[bookmark: _Toc16858538]5.1.2.1	Synchronization references and prioritiesSLSS
There are four basic sources, or references, from which a V2X UE can derive its own synchronization: GNSS, its serving eNB, another UE transmitting SLSS (a SyncRef UE), or its own internal clock. In general, GNSS or eNB are regarded as the highest-quality sources. SyncRef UEs are distinguished between those which are directly synchronized to GNSS or an eNB, those which are 1 further step away, and those which are ≥2 further steps away from GNSS/eNB. As a last resort, a UE unable to find any other synchronization reference will use its own internal clock to transmit SLSS. The V2X synchronization procedure defines a hierarchy or set of priorities among such synchronization references and requires all UEs to continuously search the hierarchy to get to the highest-quality one they can find. The general preference order is as follows, with details specified in [10, section 5.10.8]:
Level 1.	Either GNSS or eNB, according to (pre-)configuration.
Level 2.	A SyncRef UE directly synchronized to a Level 1 source.
Level 3.	A SyncRef UE synchronized to a Level 2 source, i.e. indirectly synchronized to a Level 1 source.
-	When the Level 1 preference is (pre-)configured as GNSS, in Level 2 and 3, SyncRef UEs in hierarchies derived from GNSS and eNB are of equal preference as a synchronization source.
Level 4.	Any other SyncRef UE.
Level 5.	UE’s internal clock.
Within a Level 2, or 3, or 4 set of SyncRef UEs, the one with the highest S-RSRP is selected. The hierarchy also allows fallback between eNB-derived and GNSS-derived chains should the Level 1 type chosen by (pre-)configuration be unsuitable.
[bookmark: _Toc16858539]5.1.2.2	SLSSSynchronization sources and priorities
The transmission and reception of SLSS (and PSBCH) is an optional V2X UE capability, and they can be transmitted on one or multiple synchronization carriers.
A UE which is deriving its own synchronization from eNB or GNSS can be configured by the network to transmit SLSS on a synchronization carrier, or the network can permit it to do so if the RSRP of a reference cell falls below a threshold. If the network is not available, and the UE is synchronized to GNSS, it will transmit SLSS if permitted by its pre-configuration. When such a UE does not have GNSS synchronization, it will transmit SLSS, if permitted by its pre-configuration, while it cannot find a SyncRef UE with sufficiently high S-RSRP. Full details of the conditions for SLSS transmission are specified in [10, section 5.10.7.2].
In a V2X system, there can be a variety of UEs which are deriving synchronization from different sources, and since a UE can transmit SLSS on multiple carriers, it can have different synchronization sources among them. SLSS is therefore transmitted in different subframes depending on what synchronization source the UE is using. The system can be configured with either two or three different offsets with respect to the start of the 160 ms PSBCH period can be defined, which can allow different subframes for transmission according to whether the UE is synchronized to GNSS, eNB, or another SyncRef UE.
[bookmark: _Toc16858540]5.1.2.2.1	SLSSID
The SLSSID itself conveys information about the synchronization source of the transmitting UE. In general, the further a UE is away from a high-quality source of GNSS or eNB, the lower quality will be its own synchronization and thus the quality of an SLSS it transmits. There are a series of association rules among SLSS IDs, designed to allow the identification, and propagation through the system of, high-quality synchronization sources. Thus, for example, a UE which is in-coverage and directly synchronized to an eNB (a Level 2 SyncRef UE) uses an SLSSID which is configured by the network from 1-167, allowing SLSSID planning, and a UE using such a UE as a SyncRef UE (a Level 3 SyncRef UE) uses the same SLSSID, but indicates in V2X MIB that it is not directly eNB-synchronized. Subsequent UEs  in this example hierarchy (Level 4 SyncRef UEs) use the SLSSID+168 to indicate their source is not directly synchronized to an eNB. A similar propagation hierarchy is used starting with a UE which is directly synchronized to GNSS, whose SLSSID is always 0, resulting in any UE which is more than one further step from GNSS using SLSSID 168 (or, in some cases, 169) so that a synchronization hierarchy based on GNSS can always be identified. Finally, a UE which cannot find GNSS, eNB, nor a SyncRef UE, selects an SLSSID randomly from 170-335, and UEs which synchronize to it propagate the same SLSSID.
PSSS and SSSS use the same sequences as PSS and SSS, respectively, with different root indices. When in use, both sequences are transmitted in the central 62 subcarriers of the SL bandwidth, in the same subframe as PSBCH, i.e. every 160 ms. PSSS is in the 2nd and 3rd symbols of the subframe, and SSSS in the 12th and 13th symbols. The two symbols of each signal are the same, which allows detectors to benefit from phase tracking between the two symbols. Figure 5.1.2.1-1 shows the relevant contents of a subframe which contain PSBCH, PSSS, and SSSS.
[image: ]
Figure 5.1.2.1-1: Contents of an LTE-V2X synchronization subframe.
[bookmark: _Toc16858541]5.1.3	Multi-carrier operation and carrier aggregation
V2X operation is defined in band 47 [11, section 5.5G], which supports single-carrier and multi-carrier operation:
Table 5.1.3-1: V2X operating band
	E‑UTRA Operating Band
	E-UTRA V2X Operating Band
	V2X UE transmit
	V2X UE receive
	Duplex Mode
	Interface

	
	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	
	

	47
	47
	5855 MHz
	
	5925 MHz
	5855 MHz
	
	5925 MHz
	HD
	PC5



The V2X sidelink in band 47 can be operated concurrently with Uu FDD bands 3, 5, 7, 8, 20, 28, and Uu TDD bands 34, 39, 41, and 71. 
Sidelink CA is defined for resource allocation modes 3 and 4. When operating in CA,  a given (sidelink) MAC PDU is transmitted, and if necessary re-transmitted, on a single sidelink carrier, and multiple MAC PDUs can be transmitted in parallel on different carriers. This provides a throughput gain in a similar way as for Uu CA.
Sidelink CA in resource allocation mode 3 using a dynamic grant is similar to on the Uu interface, by including a carrier indication field (CIF) in the DCI from the eNB. This indicates which among the up to 8 configured sidelink carriers the allocation in the DCI applies to.
Sidelink CA in resource allocation mode 4 uses the sensing procedure described in Section 5.2.2.2 to select resources independently on each involved carrier. The same carrier is used for all MAC PDUs of the same sidelink process at least until the process triggers resource re-selection. Procedures to avoid unexpected UE behaviour when the demands of CA become high are also specified, which allow a UE to drop a transmission which uses an unmanageable amount of resources or transmit chains, or to reject and re-select resources for which it cannot meet the RF requirements under CA. 
Sidelink synchronization can also operate on multiple carriers, as mentioned in Section 5.1.2. In addition, in sidelink CA operation, a SyncRef UE uses a single synchronization reference for all aggregated carriers, and may transmit SLSS/PSBCH on one or multiple of them according to capability. A receiving UE likewise uses the same synchronization reference (not necessarily a SyncRef UE) for all its aggregated carriers, and it uses the highest priority synchronization reference present among the available synchronization carriers.
Another form of CA is PDCP duplication, where the same PDCP packet is transmitted in parallel on multiple sidelink carriers, to increase reliability. See Section 5.4.7 for more discussion.
[bookmark: _Toc16858542]5.2	V2X Ssidelink resource allocation
[bookmark: _Toc16858543]5.2.1	Resource pools
Explanatory note: RP structure, types, etc.
PSCCH and PSSCH resources are defined within resource pools for the respective channels. This concept is used because in general PSCCH/PSSCH cannot be transmitted (and thus are not expected to be received) in all PRBs and subframes in the system bandwidth, nor within a given frequency span configured for V2X sidelink. The notion of a resource pool also reflects, in resource allocation mode 4, that a UE will make its resource selections based on sensing within the (PSSCH) pool.
For PSSCH, a resource pool is divided into sub-channels in the frequency domain, which are consecutively non-overlapping sets of ≥4 PRBs in a subframe, depending on (pre-)configuration. Resource allocation, sensing, and resource selection are performed in units of a sub-channel. A sub-channel is allocated to a single UE’s PSSCH, although it is possible that a small number of PRBs within a sub-channel are not used by the transmission.
For PSCCH, the resource pool definition depends on whether adjacent or non-adjacent transmission of PSCCH and PSSCH has been (pre-)configured for the resource pool. Adjacent transmission is achieved by defining the lowest pair of PRBs in each subchannel as candidates to contain PSCCH, and PSSCH is transmitted in the contiguous PRBs above them for the allocated number of subchannels. Non-adjacent transmission is achieved by defining sequential pairs of PRBs starting at the lowest frequency of the resource pool for PSCCH, and associating the nth pair to PSSCH transmission occupying from the nth PSSCH sub-channel for the allocated number of subchannels. Figure 5.2.1-1 shows examples of adjacent and non-adjacent transmission. To receive PSCCH, a UE has to monitor each defined pair of PRBs to determine whether PSCCH has been transmitted in them.
[image: ]
Figure 5.2.1-1a: Illustration of adjacent allocations of PSCCH and associated PSSCH.
[image: ]
Figure 5.2.1-1b: Illustration of non-adjacent allocations of PSCCH and associated PSSCH.
Resource pools are (pre-)configured to a UE separately from the transmission perspective (TX pools) and the reception perspective (RX pools). This allows a UE to monitor for PSCCH, and hence receive PSSCH transmissions, in resource pools other than those in which it transmits, so that it can attempt to receive transmissions made by other UEs in those RX pools.
In addition, there are exceptional resource pools configured to a UE, in its serving cell's SIB21 or in dedicated signalling. These can be used e.g. during RLF, handover, transition from RRC IDLE to RRC CONNECTED, or during change of dedicated V2X sidelink resource pools within a cell. In these cases, a UE may not have a stable configuration of TX resource pools but nevertheless should not be removed from the V2X system, so it can randomly select resources in the exceptional pool provided in its serving cell's SIB21 or in dedicated signalling, and use them temporarily. Likewise, UEs need to monitor the exceptional pools for PSCCH transmissions.
[bookmark: _Toc16858544]5.2.2	Resource allocation modes
LTE sidelink defines four resource allocation  modes: 1, 2, 3, and 4. Modes 1 and 2 apply to D2D, while modes 3 and 4 apply to LTE V2X.
[bookmark: _Toc16858545]5.2.2.1	Resource allocation mode 3
Mode 3 is for resource allocation scheduled by eNB. As described in Section 4, among the primary use cases for LTE-V2X is transmission of periodically-occurring messages, and for this reason there is particular support for sidelink SPS. However, dynamic sidelink grants are equally supported.
The eNB scheduling activity is driven by the UE needing to send data on sidelink performing a sidelink BSR procedure similar to that on Uu to request a sidelink resource allocation from eNB. Depending on the type of traffic the UE has, eNB can provide a dynamic sidelink grant, or an activation of a SPS sidelink grant.
A dynamic sidelink grant DCI provides, amongst other details [9, section 5.3.3.1.9A], the resources for up to two transmissions of the same TB. This is to allow higher reliability to be achieved without a feedback-based HARQ procedure, since LTE-V2X physical layer supports only broadcast transmission. Unlike Uu UL grants, the MCS information can optionally be provided by RRC signalling instead of the traditional DCI. For the case where RRC does not provide the MCS,  the transmitting UE is left to select an appropriate MCS/TBS itself based on the knowledge it has of the TB to be transmitted and, potentially, the sidelink radio conditions. The transmitting UE populates its SCI [9, section 5.4.3.1.2] with the information from eNB and other fields related to sidelink operation, and then transmits it and the associated PSSCH. 
The UE can be configured by eNB with up to 8 sidelink SPS configurations. Each configuration has an identifying index, and provides a different periodicity of sidelink transmission resource. A sidelink SPS configuration is not used by the UE until the eNB sends the UE a DCI which indicates it is now active. The activating DCI also provides all the same fields as a dynamic sidelink scheduling DCI described above, allowing the precise resource allocation for SPS to be determined by eNB at the time it is needed. A transmitting UE can use the thus activated sidelink SPS resources, at the configured periodicity, until they are released (i.e. de-activated) by the eNB transmitting a special DCI. Note that each time the UE uses the resources, it either uses the RRC configured MCS/TBS or selects one itself, i.e. the same way as dynamic operation.
[bookmark: _Toc16858546]5.2.2.2	Resource allocation mode 4
Mode 4 is for UE autonomous resource selection. Its basic structure is of a UE sensing, within a (pre-)configured resource pool, which resources are not in use by other UEs with higher-priority traffic, and choosing an appropriate amount of such resources for its own PSCCH/PSSCH transmission. Having selected such resources, the UE can transmit in them on a periodic (i.e. SPS) basis for a certain number of times, or until a cause of resource reselection is triggered.
As described in Section 5.2.2.1, the SCIs transmitted by UEs on PSCCH indicate the time-frequency resources in which the UE will transmit a PSSCH. The same SCI contents is used in mode 4, and also indicates the periodicity with which the UE will use the same resources. These SCI transmissions are used by sensing UEs to maintain a moving sensing window in the immediate past of which resources have been reserved by other UEs. This window is 1000 ms long for FDD systems. A sensing UE also measures the PSSCH-RSRP in the subframes of the sensing window, which implies the level of interference which would be caused and experienced if the sensing UE were to transmit in them.
The sensing UE then selects resources for its first transmission from within a resource selection window. This window begins ≤4 ms after the trigger for transmission, and is bounded by the latency requirement of the traffic, up to 100 ms (see Section 4). The sensing UE assumes the same resources will be used by other UEs in the future as have been found reserved during the sensing window, according to the indicated periodicities and durations. Reserved resources in the selection window with PSSCH-RSRP above a threshold are excluded from being candidates by the sensing UE, with the threshold set according to the priorities (PPPP) of the traffic of the sensing and transmitting UE. Thus, a higher priority transmission from a sensing UE can occupy resources which are reserved by a transmitting UE with sufficiently low PSSCH-RSRP and sufficiently lower-priority traffic.
From the set of resources which have not been excluded, the sensing UE identifies those containing the lowest total received energy as a way to account for transmissions which were not found during decoding of PSCCHs, and identifies resources totalling 20% of the available resources within the traffic’s latency bound, including gradual relaxation of the PSSCH-RSRP exclusion thresholds if necessary. The UE then selects a resource at random from the identified 20% and uses this resource semi-persistently for its transmissions.
There are a number of triggers for resource re-selection. They are designed to support high mobility, and ensure that a UE cannot assume occupation of a resource for an excessive period, nor when the selected resource is either insufficient or excessive for what is needed by the UE’s traffic, amongst other causes.
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Figure 5.2.2.2-1: Summary of sensing and resource (re-)selection procedures.
[bookmark: _Toc16858547]5.2.2.2.1	Zones
Cellular networks are designed to support resource re-use over a given geographical area, to manage interference and improve area spectral efficiency. A similar concept is available in LTE-V2X. LTE-V2X can optionally divide the world into zones, which have a (pre-)configurable width and height. Nearby zones are assigned different resource pools, with spatially-periodic re-use over a distance controlled by the zone width and height. A UE performs transmission within the resource pool(s) associated with its current zone, for mode 3. Figure 5.2.3-1 shows an example of the configuration of zones, where those with the same zone_id use the same transmission resource pools.
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Figure 5.2.3-1: Illustration of zones. x’ = ceil(x/L) mod Nx; y’ = ceil(y/W) mod Ny; zone_id= y’×Nx+x’; where x and y are the longitude and latitude of the UE’s location, L, W are the length and width of each zone, respectively, and Nx, Ny are the number of zones in length and width respectively.
5.2.2.3	Modes 3 and 4 resource pool sharing
Resource pools for mode 3 and mode 4 are (pre-)configured separately from one another. In  Rel-14, a receiving UE whether operating in mode 3 or mode 4 does not know in any particular way that a transmission in mode 3 has SPS characteristics, since the mode 3 SCI always indicates that its PSSCH transmission is single-shot. Thus, a mode 4 UE will not exclude the occupied resources during its resource selection procedure. In Rel-15, resource pool sharing is enabled by the mode 3 SCI also indicating a SPS reservation period, and mode 4 UEs of both releases are therefore able to account for such transmissions in the resource (re-)selection procedure.
It is also possible for a UE operating in mode 3 to perform the mode 4 sensing procedure in order to report to eNB regarding the occupancy of resources in the mode 4 pools. This provides information which the eNB can use in determining its scheduling behaviour for mode 3.
[bookmark: _Toc16858548]5.2.3	Zones
[bookmark: _Toc16858549]5.3	Sidelink congestion control
Explanatory note: CBR, CR, and uses of PPPP/PPPR in RAN. Detailed relationship with other sections is TBD.
Each sidelink packet is associated with a PPPP and PPPR passed down ultimately to the physical layer from upper layers, which determine the values based on the QoS requirements of the message. PPPR allows management of reliability, for example see Section 5.4.7. The PPPP of a packet is indicated dynamically in the SCI which schedules the PSSCH for the packet. A physical measurement of CBR is also defined in each subframe [12, section 5.1.30], which measures the portion of the resource in a resource pool which has a high received signal energy (S-RSSI) in the most recent 100 subframes. CBR is a measurement of the congestion present recently in the resource pool. Another measurement, CR [12, section 5.1.31], counts the total number of subchannels a UE has and will transmit in during a window of up to 1000 ms including the current subframe. CR is thus a measurement of how much resource a UE has recently, and will soon, claim.
A UE can be (pre-)configured with a set of CBR ranges to each of which is linked a CR-limit. When a UE finds its CR exceeds the CR-limit for the CBR range it currently measures, it  must reduce its CR to not exceed the limit. How this is done is up to UE implementation, and can include increasing MCS to reduce resource occupation, dropping (re-)transmissions, etc. PPPP can also be (pre-)configured with a mapping to the UE’s maximum permitted transmit power, the limitation on which acts to reduce the CBR measured by sufficiently distant UEs.
PPPP is used as described in Section 5.2.2 to aid distributed sidelink congestion control based on the relative priorities of traffic from UEs that consider occupying a given resource. PPPP and CBR can each also be (pre-)configured with mappings to ranges of values of transmission parameters, e.g. a range of MCS values, and/or a range of numbers of subchannels, etc. In this case, the UE has to choose its transmission parameters from within the range corresponding to the prevailing PPPP and/or CBR.
[bookmark: _Toc16858550]5.4	V2X Ssidelink higher-layer protocols
5.4.1	General
Explanatory note: General descriptions on some RAN higher layer aspects, e.g. protocol stacks, PPPP/PPPR, etc.
5.4.2	Resource pool configuration
Explanatory note: Inter-carrier configuration, in which case (CONNECTED/IDLE/OoC) to use which resource pools (Dedicated/Common/Pre-configuration), etc. 
5.4.3	Measurement and reporting related to SL
Explanatory note: Including those designed for V2X SL, e.g. CBR measurement and reporting, sensing and reporting, geo- location reporting, etc.
5.4.4	Mobility management for V2X SL transmission/reception
5.4.5	Assistance information and SL SPS configuration
5.4.6	Transmission carrier selection
5.4.7	SL packet duplication
5.4.8	Coordination between UL and V2X SL transmission
5.4.9	Multi-PLMN operation 
[bookmark: _Toc16858551]5.5	V2X via the Uu interface
LTE-V2X, as mentioned above, is focused on transmission of a few types of periodic traffic, which can have different periodicities. Apart from using the sidelink, it is possible to transfer V2X data via the cellular network UL/DL, taking advantage of its centrally-scheduled operation, predictable latency bounds, and inter-cell communications.
An extended form of UL SPS for V2X is supported, to allow firstly that V2X UL SPS and normal UL SPS can be used together, and also that multiple V2X UL SPS configurations can be defined to account for the different periodic V2X traffic types. Whereas in Rel-8 UL SPS a single SPS configuration can be provided by RRC, for LTE-V2X, up to 8 UL SPS configurations can be provided, similar to on the sidelink. A specialised version of DCI format 0 is then used to activate/release UL V2X SPS configurations as needed, and separately from the normal UL SPS configuration.
LTE supports multicast/broadcast operation via SC-PTM and MBSFN transmission. These transmission types can also be used for V2X messages, and some adaptations for LTE-V2X are included to allow scheduling more frequent transmissions of data and service (re-)configuration information.
[bookmark: _Toc16858552]5.6	Network aspects
[bookmark: _Toc16858553]5.6.1	V2X service authorization
[bookmark: _Toc16858554]5.6.2	Sidelink AMBR
[bookmark: _Toc16858555]6	NR V2X
Explanatory note: The detail of the following section headings depends on further agreements during Rel-16.
[bookmark: _Toc16858556]6.1	Sidelink unicast, groupcast, and broadcast
Explanatory note: Summary of functional and feature contents and differences for/among unicast, groupcast, and broadcast.
[bookmark: _Toc16858557]6.2	V2X sidelink physical layer
[bookmark: _Toc16858558]6.2.1	Physical sidelink channels and signals
[bookmark: _Toc16858559]6.2.2	Sidelink synchronization
[bookmark: _Toc16858560]6.2.3	Sidelink CSI
[bookmark: _Toc16858561]6.2.4	Sidelink HARQ
Explanatory note: This section may include content relevant to PHY and MAC.
[bookmark: _Toc16858562]6.2.5	Coexistence between LTE-V2X and NR-V2X sidelinks
[bookmark: _Toc16858563]6.3	V2X sidelink resource allocation
[bookmark: _Toc16858564]6.3.1	Resource pools and sidelink bandwidth parts
[bookmark: _Toc16858565]6.3.2	Resource allocation modes
[bookmark: _Toc16858566]6.3.2.1	Mode 1
[bookmark: _Toc16858567]6.3.2.2	Mode 2
[bookmark: _Toc16858568]6.4	QoS framework and congestion control
[bookmark: _Toc16858569]6.5	V2X sidelink higher-layer protocols
[bookmark: _Toc16858570]6.6	V2X via the Uu interface
[bookmark: _Toc16858571]6.7	Network aspects
[bookmark: _Toc16858572]7	Multi-RAT V2X
Explanatory note: This section covers cross-RAT control of sidelink, and MR-DC aspects.
[bookmark: _Toc16858573]8	Transmission profiles
Explanatory note: For LTE and, if/when appropriate, NR.LTE-V2X was developed over the course of two 3GPP Releases, Rel-14 and Rel-15. In Rel-15, non-backward compatible changes to physical transmission formats were introduced, primarily to support the use of 64-QAM on PSSCH compared to the maximum of 16-QAM in Rel-14. Such transmissions cannot be decoded by Rel-14 UEs. However, on sidelink, a transmitting UE cannot know the Release of specifications supported by the UEs which will receive the PSSCH transmission, since the transmission is broadcast in the physical layer. Therefore, the concept of transmission profiles was introduced, which associates to each transmission by a Rel-15 UE a (pre-)configuration of which Release’s transmission format to use. If a Rel-14 format is indicated, then the transmission can be decoded by both Releases of UE, whereas if Rel-15 format is indicated, it can be decoded only by Rel-15 UEs. When a UE has traffic from different application sources to transmit at the same time, the transmission profile associated with the highest-priority traffic is applied. The association of transmission profiles to traffic sources (specifically, logical channels) is provided by 3GPP protocol layers outside of RAN.
[bookmark: _Toc16858574]9	Pedestrian UE
Explanatory note: Differences for P-UE in LTE and, if/when appropriate, NR.As discussed in Section 4, V2X includes communications between Pedestrian UEs and Vehicular UEs, i.e. V2P. Whereas a vehicular UE is assumed to be attached the vehicle’s power supply, and thus to have no particular battery life concerns, the situation is different for a P-UE. A P-UE could be, e.g. a conventional smartphone running suitable applications, or a specialised device attached to a pedestrians clothing, etc. In either case, battery life has to be considered so that the device will provide the V2P services for a reasonable length of time without need of re-charging, and without imposing such battery drain that V2P applications could become unattractive.
As described in Section 5.2.2.2, a UE performs sensing continuously in a 1000 ms historical window, implying an amount of ongoing power consumption due to the sensing procedure. It is allowed for a P-UE to not support sidelink reception, so that it is only broadcasting packets relating to its own location and direction. This type of P-UE is allowed to select transmission resources randomly, with no sensing procedure. For a P-UE which does support sidelink reception, it can be (pre-)configured to perform partial sensing. In partial sensing, only a subset of the subframes in the typically 1000 ms sensing window have to be monitored. The UE implementation can choose how few subframes it wishes to monitor, by trading off the reliability of its transmissions with the power saving, subject to monitoring a (pre-)configured minimum number. (Pre-)configuration can also set how far into the past the sensing window extends, and can require that the UE performs partial sensing in a number of these truncated sensing windows.
[bookmark: _Toc16858575]10	Roadside unit
Explanatory note: For LTE and NR. Definition and reasons for RSU from TS 22.185/22.186, and statement of no dedicated RAN specification for RSU in LTE, and Rel-16 NR if appropriate.The development of V2X contemplates three entities in the network: base stations, i.e. eNBs and gNBs; UEs; and RSUs. An RSU is defined in  [6], [7] as a stationary infrastructure entity supporting V2X applications that can exchange messages with other entities supporting V2X applications. Note that RSU is a term frequently used in existing ITS specifications, and the reason for introducing the term in the 3GPP specifications is to make the documents easier to read for the ITS industry. RSU is a logical entity that supports V2X application logic using the functionality provided by either a 3GPP network (referred to as an eNB/gNB-type RSU) or a UE (referred to as UE-type RSU).
Since an RSU is essentially only different from a eNB/gNB or UE in terms of its deployment nature, e.g. it may be deployed by a national roads authority instead of an MNO, there is no specification of features particular to RSUs. They operate simply according to sidelink or UL/DL specifications as appropriate. 


[bookmark: historyclause][bookmark: _Toc16858576]
Annex <X> (informative):
Change history
	Change history

	Date
	Meeting
	TDoc
	CR
	Rev
	Cat
	Subject/Comment
	New version

	2019-05
	RAN1#97
	R1-1906663
	
	
	
	Initial version of TR and skeleton of LTE-V2X sections
	0.0.1

	2019-08
	RAN1#98
	R1-1909651
	
	
	
	LTE-V2X first version, and skeleton of NR-V2X sections
	0.1.0



3GPP
image2.png
=

A GLOBAL INITIATIVE




image3.emf

image4.emf
UE1

UE2

PSCCH 

candidate

resources

t

f

One sub-channel

UE1

UE4


image5.emf
UE1 

PSCCH 

candidate 

resources

One 

sub-channel

UE2

t

f

UE1 

UE4


image6.emf
Keep  decoding other UEs’ SA

and  measuring  corresponding

PSSCH energy

Exclude high- energy 

resources and form candidate 

resource set 

Select Tx resource and 

transmit semi-persistently 

Resource 

Re-selection?

YES  -

Restart 

process

NO  –

Continue

transmissions 

on same 

resources 

Collect  sensing information 

including PSSCH -RSRP and 

S-RSSI measurement 


image7.emf
Zone 0 Zone 1 Zone 2 Zone 0 Zone 1 Zone 2

Zone 3 Zone 4 Zone 5 Zone 3 Zone 4 Zone 5

Zone 6 Zone 7 Zone 8 Zone 6 Zone 7 Zone 8

Zone 0 Zone 1 Zone 2 Zone 0 Zone 1 Zone 2

Zone 3 Zone 4 Zone 5 Zone 3 Zone 4 Zone 5

x

y

0 1 2 0 1 2

0

1

2

0

1


image1.jpeg
s




