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<Unchanged parts omitted>
[bookmark: _Toc24049679][bookmark: _Toc25753645][bookmark: _Toc98412791]5.1.3	Concurrent operation and carrier aggregation
V2X operation is defined in band 47 in TS 36.101 [11, clause 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, 71; Uu TDD bands 34, 39, 41; and NR Uu bands n1, n3, n5, n8, n34, n39, n40, n71, n78, n79. 
<Unchanged parts omitted>
6	NR V2X
<Unchanged parts omitted>
[bookmark: _Toc24049708][bookmark: _Toc25753674][bookmark: _Toc24049712][bookmark: _Toc25753678][bookmark: _Toc98412817]6.2.2.2	S-SSB and SLSS
S-PSS and S-SSS use the same types of sequence as NR PSS and SSS respectively, i.e. an M-sequence and a Gold sequence. When in use, both sequences are transmitted in 127 subcarriers of the S-SSB bandwidth, in the same slots as PSBCH. S-PSS is in the 2nd and 3rd symbols of the slot, S-SSS is in the 4th and 5th symbols, and PSBCH and its DMRS in each of the remaining symbols. The two symbols of each synchronization signal are the same, which allows detectors to benefit from phase tracking between the two symbols. Figure 6.2.2.2-1 shows the contents of a slot containing S-SSB, the frequency location of which is (pre-)configured.
[image: ] 
Figure 6.2.2.2-1: Contents of a slot containing S-SSB for normal CP. Each PSBCH symbol contains DMRS.
S-SSB can be transmitted on one or multiple synchronization carriers. The MIB-V2X is transmitted on PSBCH every 160 ms, and thus S-SSB occurs on the same period. Within a period, there can be multiple transmissions of S-SSB, with the number depending on subcarrier spacing and frequency range. For details refer to TS 38.213 [18, clause 16.1].
<Unchanged parts omitted>
6.2.5	In-device cCoexistence between LTE-V2X and NR-V2X sidelinks
6.2.5.1	In-device coexistence
It is envisaged that there will exist devices that support both LTE-V2X and NR-V2X, and which will be operating in both systems concurrently. If the two RATs are widely spaced in frequency, e.g. being in different bands, then there need be no particular issues to consider since it is assumed that a separate RF chain will be provided for each band.
If, however, a sufficiently close frequency spacing is deployed, then it is desirable to enable a single RF chain to be used in the implementation, and also to adhere to the sidelink half-duplex principle established in LTE-V2X, i.e.  that the UE is not required to simultaneously transmit and receive on sidelink. The former constraint means that interference between the two RATs' receptions can occur in the device if they are placed sufficiently close together in the frequency domain, and that simultaneous transmission on both RATs is prevented by the UE's single power budget. The latter constraint implies that one RAT cannot be received/transmitted while the other RAT is doing the opposite.
It is possible to (pre)-configure the resource pools for the two sidelinks such that overlapping is avoided entirely. When this is not arranged, the general rule is that (at least) one of the RATs may be dropped at times when both occur simultaneously, but that in some cases where the priority of the V2X service on both RATs is known, the higher priority one is automatically selected:
-	Receive/receive overlap handling is always left to UE implementation decision.
-	Transmit/transmit overlap handling and transmit/receive overlap handling will automatically select the RAT with the highest priority service if both priorities are known. If the priorities are equal or not both known, the handling is left to UE implementation to decide.
In the above rules, the priority of transmission and reception of sidelink synchronization signals/channels is set by (pre-)configuration and that of PSFCH is the same as the corresponding PSSCH.
6.2.5.2	Dynamic resource pool sharing
For devices which contain both LTE-V2X and NR-V2X modules, there is support for the NR module to make use of information obtained from the LTE module's mode 4 resource allocation procedure in the NR mode 2 resource allocation procedure, when the subcarrier spacing of NR-V2X is 15 or 30 kHz.
In this feature, the NR module additionally excludes from its resource selection window resources which, according to LTE-V2X mode 4 information, are considered occupied by LTE-V2X transmissions by the same or other LTE-V2X UEs, as well as resources in which a NR PSCCH/PSSCH transmission would result in a corresponding PSFCH in such LTE resources. Occupancy can be determined according to relative priority between LTE-V2X and NR-V2X traffic, SL-RSRP, periodicity of LTE-V2X, and resources in which the LTE-V2X module did not sense.
There are similar steps as with NR's own resource selection to expand the candidate resource set if insufficient resources are found to be present.
[bookmark: _Toc43104421][bookmark: _Toc98412818]6.2.6	Concurrent operation and carrier aggregation
NR-V2X operation is defined in bands n38, n47 and n79 in TS 38.101-1 [22, clause 5.2E], which support single-carrier operation:
Table 6.2.6-1: NR-V2X operating bands
	V2X Operating Band
	Sidelink (SL) Transmission operating band
	Sidelink (SL)  Reception operating band
	Duplex Mode
	Interface

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	
	

	n142
	788 MHz
	-
	798 MHz
	788 MHz
	-
	798 MHz
	HD
	PC5

	n381
	2570 MHz
	-
	2620 MHz
	2570 MHz
	-
	2620 MHz
	HD
	PC5

	n47
	5855 MHz
	-
	5925 MHz
	5855 MHz
	-
	5925 MHz
	HD
	PC5

	n79
	4400 MHz
	-
	5000 MHz
	4400 MHz
	-
	5000 MHz
	HD
	PC5

	Note 1: When this band is used for V2X SL service, the band is exclusively used for NR V2X in particular regions.
Note 2: When this band is used for public safety service, the NR band is operated with both in-coverage scenarios and out-of-coverage scenarios.



The NR-V2X sidelink in band n38 can be operated concurrently with LTE Uu band 20. The NR-V2X sidelink in band n47 can be operated concurrently with Uu bands 1, 3, 5, 8, 34, 39, 40, 41, n1, n3, n5, n8, n34, n39, n40, n41, n71, n78, and n79. The NR-V2X sidelink in band n79 can be operated concurrently with Uu band n79.
Sidelink CA is defined for resource allocation mode 2, in band n47. 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 uses the sensing procedure described in Clause 6.3.2.2 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.
The carrier(s) that can be used for transmitting data for a destination L2 ID are provided by the V2X layer per QoS flow. The V2X layer provides multiple carriers associated to a service type with QoS flow to carrier mapping information to the AS for all cast types. For groupcast and broadcast, TX profile is used to indicate whether the transmission corresponding to the service type is backward compatible or not.
Carrier selection is performed at the MAC layer, depending on the CBR measurement of the allowed carriers associated to the logical channel priority. For unicast, CA related UE capability is exchanged between the TX UE and RX UE, and the TX UE delivers the carrier configuration to the RX UE in PC5-RRC.
Sidelink synchronization can also operate on multiple carriers, as mentioned in Clause 6.2.2.2. A SyncRef UE uses a single synchronization reference for all aggregated carriers, and may transmit S-SSB 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 Clause 6.5.8 for more discussion.
<Unchanged parts omitted>
[bookmark: _Toc24049721][bookmark: _Toc25753687][bookmark: _Toc98412822]6.5	V2X sidelink higher-layer protocols
<Unchanged parts omitted>
6.5.8	Sidelink packet duplication
Packet duplication is supported for sidelink and is performed at PDCP layer. The duplicated PDCP PDUs of the same PDCP entity are only allowed to be transmitted on different sidelink carriers.
[bookmark: _Toc24049729][bookmark: _Toc25753695][bookmark: _Toc98412830]6.6	V2X via the Uu interface
<Unchanged parts omitted>
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