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1 Introduction
V2X scenarios priority in Rel-14 was discussed and agreed in two meetings ago. In order to better understand the reason of the scenario priority in Rel-14 and provide a starting point for the further study in later releases, further considerations on the scenarios for inter-band MCC for V2X were discussed in [1]. This contribution provides corresponding text proposal in the latest TR to record the study in this release. 
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4.3.2
Operation aspects

Scenarios considered by RAN4 for LTE-based V2X operation (Tx/Rx of V2X message) are as follows:

·  (Aspect 1) Operation bands used as test points for evaluation

· Case 1A: 5.9 GHz (Dedicated ITS spectrum)
· Case 1B: 2 GHz 
· (Aspect 2) eNB deployment including the possibility of network control

· PC5 based operation : 
· Case 2A: UE autonomous resource allocation, at least mode 2, based on semi-statically network-configured/pre-configured radio parameters including no eNB coverage case.
· Case 2B: eNB providing more UE specific or/and more dynamic resource allocation including Mode 1 compared to case 2A.
· Note: Related to aspect 2, it is necessary to consider the condition to apply any preconfigured radio parameters.
· Uu based operation : 
· eNB deployment and network control for radio resources are always assumed in uplink and downlink.
· (Aspect 3) Multi-carrier operation 
 
Multiple carrier operation can support a number of configurations as shown in Table 4.3.2-1 including for example: 

Table 4.3.2-1 MCC operation for LTE-based V2X service
	                    CC2
CC1
	Band 47
(PC5 V2X)
	Licensed Band X (PC5 V2X)
	Licensed Band X (Uu V2X)
e.g.) B3/B8…
	Licensed band X (WAN)
e.g) B1/B5…

	Inter-band MCC operation
	Band 47

(PC5 V2X)
	N/A
	- Band 47 + Band X
	- Band 47 +Band X
	- Band 47 + Band X

	
	Licensed band Y

(PC5 V2X)
	- Band Y + Band 47
	Not possible
	- Band Y + Band X
	- Band Y + Band X

	Intra-band
MCC operation
	Band 47

 (PC5 V2X)
	- Band 47 + Band 47
	N/A
	N/A
	N/A

	
	Licensed band X

(PC5 V2X)
	N/A
	- Band X + Band X
	Not possible
	Not possible


Based on the Table 4.3.2-1, RAN4 focus on the MCC operations as below in V2X WI due to interested operator service scenarios and use cases in SA1.

· 1st priority for MCC operation: 

· Multi carrier operation with Band 47 (PC5 V2X) and licensed bands (Uu V2X) 
· Multi carrier operation at Band 47 (PC5 V2X) + Band 47 (PC5 V2X) : Contiguous concurrent operation
· Multi carrier operation with Band 47 (PC5 V2X) and licensed bands (WAN)
· 2nd Priority for MCC operation:
· Multi carrier operation with Band 47(PC5 V2X) and licensed bands (PC5 V2X)
· Multi carrier operation with licensed band (PC5 V2X) and licensed bands (Uu V2X)
· Multi carrier operation at licensed bands (PC5 V2X)
· Multi carrier operation at Band 47 (PC5 V2X) + Band 47 (PC5 V2X) : Non-contiguous concurrent operation
· (Aspect 4) Operating scenarios

Single or multiple operator deployments can support these candidate cases for LTE-based V2X service: 
· Case 4A: Single operator operation
· Case 4B: A set of PC5/Uu operation carrier(s) is shared by UEs subscribed to different operators. 
· In this case, UEs belonging to different operators transmit on the shared uplink carrier(s) while receiving on the shared downlink carrier(s).
· Case 4C: Each operator is allocated with a different carrier for both uplink and downlink. 

· In this case, a UE transmits only on the uplink carrier(s) allocated to the operator to which it belongs. The UE may receive on multiple DL carriers, i.e., UE receives on the downlink carrier allocated to the other operator as well as the downlink carrier allocated to the operator to which it belongs.

· A UE is allowed to receive downlink broadcast of other operator.
RAN4 will evaluate adjacent channel coexistence as well as analyze RF requirements in Rel-14 to support high power V2X UE with up to 33dBm. It is proposed that initially V2X operation over PC5/Uu be assumed for a single operator on a single carrier. Scenarios with multiple operators can also be considered as below according to operating scneraios. 

The candidate Case 4B is assumed in ITS spectrum and Case 4C is only considered for LTE-based V2V UE in a licensed band.
· (Aspect 5) Co-existing with Uu/PC5
· PC5 based operation : 
· Case 5A: Dedicated carrier for V2x. There is no uplink (Uu) traffic on the PC5 operation carrier.

· Case 5B: V2X carrier is shared with Uu.

· Uu based operation:
· Case 5A: There is no sidelink traffic on the Uu operation carrier.

· Case 5B: The uplink carrier is shared with sidelink.
For V2X service at 5.9GHz, the Case 5A can be assumed. Case 5B is not RAN4 scope for coexistence evaluation.
4.3.2.1
Licensed bands operation

Regarding the inter-band MCC, it can be alternatively classified as two scenarios based on whether the licensed bands support PC5 V2X service. The following part outlines the impact on the RF requirements and possible issues for these two scenarios.

· Scenario 1: Licensed bands support Uu V2X and WAN services

RF requirements for the licensed bands

Though Uu V2X and WAN are two different services for the licensed bands, the physical layer designs are the same. The RF requirements are based on legacy LTE UE for both cases. 

It is a common view that separate antennas would be used for low bands and 5GHz LAA band, i.e. Band 46. As Band 47 is part of the spectrum of Band 46, the assumptions in study of Band 46 are also valid for Band 47 related band combinations when we consider the RF requirements. It is noted that trap filer is not considered for some band combinations with Band 46 and no requirements are defined for the frequency range in Band 46 once it is hit by the harmonics of the low bands. This method may not be appropriate for V2X Band combinations, as V2X needs to consider the safety issue, the performance of Band 47 cannot be degraded too much for band combinations with harmonic issue. Thus the harmonic issue shall be studied carefully for some of the band combinations.

Supported band combinations

Several licensed bands were agreed to be combined with Band 47 to support MCC operation, i.e. Band 3, Band 7, Band 8, Band 39 and Band 41. It was clarified during the discussion that these licensed bands only support Uu V2X and WAN services in Rel-14. As these bands have no harmonic issue, the existing UE requirements can be re-used for the licensed bands in these V2X band combinations.

· Scenario 2: Licensed bands support PC5 V2X service

Co-existence of PC5 and legacy Uu on different carrier

Based on the simulation results, it was identified that without interference mitigation scheme, licensed bands supporting PC5 Sidelink transmission cannot co-exist well with legacy LTE system, and it will cause more than 5% throughput loss for some cases, especially to the cell edge performance. Though power control can be helpful to reduce the interference, the OLPC scheme is not optimized by RAN1 design, which means it may not always work well in the network. That is part of the reason why scenario of licensed bands support PC5 V2X service has low priority at this stage.

Co-existence of PC5 and legacy Uu on the same carrier

Issues on the co-existence of PC5 and legacy Uu on the same carrier were also discussed. For this case, more studies are needed from the perspective of synchronization/timing performance on PC5. 

RF requirements for the licensed bands

For the bands supporting PC5 interface, the physical layer design is different from the LTE UE.

For instance, PSCCH and PSSCH for sidelink are not the same as PUCCH and PUSCH for uplink, which means MPR/A-MPR shall be redefined for the licensed bands if these bands need to support PC5 V2X service. 

And for the receiver side, the SNR of V2X has been changed compared to legacy LTE, thus the REFSENS for licensed bands shall be defined accordingly for PC5 V2X service.

Whether other RF requirements are impacted needs further study.

Consideration on licensed band(s)
When the licensed band(s) are proposed, it should be clear which services would be supported by the licensed bands. As analyzed above, if PC5 is supported by the licensed bands, the co-existence issue shall be solved firstly as well as more RF requirements to be defined. And for the band combinations having harmonic issue, further analysis is needed to make sure the appropriated requirements can be defined for both the licensed bands and Band 47.

4.3.3
Operating bands and channel bandwidth
4.3.3.1
Operating bands for V2X Communication
V2X Communication is designed to operate in the operating bands defined in Table 4.3.2.1-1.

Table 4.3.2.1-1 V2X operating band over PC5
	V2X Operating Band
	E‑UTRA Operating Band
	V2X UE transmit
	V2X UE receive

	
	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high

	47
	47
	5855 MHz
	-
	5925 MHz
	5855 MHz
	-
	5925 MHz


Table 4.3.2.1-2 V2X operating band over Uu
	V2X Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	

	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD

	39
	1880 MHz
	–
	1920 MHz
	1880 MHz
	–
	1920 MHz
	TDD

	41
	2496 MHz
	
	2690 MHz
	2496 MHz
	
	2690 MHz
	TDD


V2X is also designed to operate for MCC operation on the operating band combinations listed in Table 4.3.2.1-3:

Table 4.3.2.1-3: V2X inter-band MCC operation

	V2X MCC Band
	V2X Band
	Interface

	V2X_3_47
	3
	Uu

	
	47
	PC5

	V2X_7_47
	7
	Uu

	
	47
	PC5

	V2X_8_47
	8
	Uu

	
	47
	PC5

	V2X_39_47
	39
	Uu

	
	47
	PC5

	V2X_41_47
	41
	Uu

	
	47
	PC5

	NOTE 1: These scenarios can also cover the concurrent operation between V2X operation and legacy E-UTRA operation in the same UE.
NOTE 2: Whether PC5 is supported in these licensed band could be investaged in future releases.


For introducing new license bands for V2X operation, RAN4 agreed the follow phased approach

· Due to time limitation to complete at March 2017, the phased approach proposed to add new licensed bands as below

· 1st phase, Add new licensed bands w/o harmonics/IMD problems into Band 47.

· So Band 7 is added for the new inter-band con-current V2X operation in V2X WI.

· 2nd phase, RAN4 study how to solve the harmonics/IMDs problems of multi-carrier V2X band combination.

4.3.3.2
Channel bandwidth for V2X Communication

4.3.3.2.1
Channel bandwidths per operating band for V2X Communication
The V2X Communication channel bandwidths and operating bands are shown in Table 4.3.2.2.1-1. The same (symmetrical) channel bandwidth is specified for both the TX and RX path.
Table 4.3.2.2.1-1 V2X Communciation channel bandwidth

	V2X band / V2X channel bandwidth

	V2X

 Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	47
	
	
	
	Yes
	
	Yes

	3
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	7
	
	
	Yes
	Yes
	Yes
	Yes

	8
	Yes
	Yes
	Yes
	Yes
	
	

	39
	
	
	Yes
	Yes
	Yes
	Yes

	41
	
	
	Yes
	Yes
	Yes
	Yes


4.3.3.2.2
Channel bandwidths per operating band for inter-band MCC operation
For V2X inter-band MCC operation, the V2X Communication channel bandwidths for each operating band is specified in Table 4.3.2.2.2-1. 
Table 4.3.2.2.2-1: V2X MCC configurations 

	V2X MCC Configuration 
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum bandwidth [MHz]
	Bandwidth combination set

	V2X_3A-47A
	3
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	47
	
	
	
	Yes
	
	Yes
	
	

	V2X_7A_47A
	7
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	47
	
	
	
	Yes
	
	Yes
	
	

	V2X_8A-47A
	8
	Yes
	Yes
	Yes
	Yes
	
	
	30
	0

	
	47
	
	
	
	Yes
	
	Yes
	
	

	V2X_39A-47A
	39
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	47
	
	
	
	Yes
	
	Yes
	
	

	V2X_41A-47A
	41
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	47
	
	
	
	Yes
	
	Yes
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