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Abstract: This document is intended to provide some imporant points for inclusion in the Considerations section of the TR 22.885.
1. Introduction
In the Annex of this contribution, agreed text proposal, as a result of email discussion of RAN2, is included. For each scenario, 5 or 6 aspects are listed for spectrum consideration. As a matter of fact, SA1 TR 22.885 also includes 5 aspects. If each aspect can be regarded as an orthogonal dimension, each scenario needs to consider 32 or 64 different combinations of aspects. 

Thus, it is meaningful for SA1 to provide guidelines to consider and focus on spectrum usages. 
2. Discussion
As demand for mobile broadband service increases, more vehicles are connected online. With this increased mobile broadband connectivity, drivers and passengers of the vehicles are provided with various non-V2X services. As a matter of fact, these non-V2X services are not different from what can be provided by wearables or smartphones. It will include voice call, web browsing, video streaming, etc. It is assumed that a vehicle subscribing to V2X service will also subscribe to non-V2X service. Then, regardless of whether V2X service needs subscription or not and whether V2X services use separate spectrum or not, vehicle supporting V2X service subscribes to operator at least due to non-V2X service.
Observation 1:

Each vehicles supporting V2X service is assumed to be associated with at least one frequency band of an operator, which is used to support at least non-V2X service.
Most important principle of V2X service is that each vehicle capable of V2X should be able to communicate with any nearby vehicle capable of V2X. If there is any vehicle which does not broadcast any V2X message, another nearby vehicle cannot rely on the V2X. I.e., the vehicle should not rely on the V2X and should rely on more cautious driving by driver. Maybe, all vehicles will not be equipped with V2X function within a day. But, the case where V2X capable vehicle cannot talk to other V2X capable vehicle should be prevented. Accordingly, vehicles belonging to different operators also need to be able to communicate with each other.
Observation 2:

When vehicles supporting V2X are in proximity, the vehicles should be able to communicate with each other in any case (e.g regardless of whether serving operators are different).
TS 36.101 lists frequency bands for LTE. 

Following table is copied from TS36.101 V8.10.0 published in June 2010. At this time, there was 23 frequency bands. 

Table 5.5-1 E-UTRA operating bands

	E‑UTRA 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
	

	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD

	2
	1850 MHz 
	–
	1910  MHz
	1930 MHz 
	–
	1990 MHz
	FDD

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

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz 
	–
	2155 MHz
	FDD

	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	FDD

	6
	830 MHz
	–
	840  MHz
	875 MHz 
	–
	885 MHz
	FDD

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

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

	9
	1749.9 MHz
	–
	1784.9 MHz
	1844.9 MHz  
	–
	1879.9 MHz
	FDD

	10
	1710 MHz
	–
	1770 MHz
	2110 MHz 
	–
	2170 MHz
	FDD

	11
	1427.9 MHz 
	–
	1447.9 MHz 
	1475.9 MHz  
	–
	1495.9 MHz 
	FDD

	12
	698 MHz
	–
	716 MHz
	728 MHz
	–
	746 MHz
	FDD

	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	FDD

	14
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	FDD

	17
	704 MHz 
	–
	716 MHz
	734 MHz
	–
	746 MHz
	FDD

	...
	
	
	
	
	
	
	

	33
	1900 MHz
	–
	1920 MHz
	1900 MHz
	–
	1920 MHz
	TDD

	34
	2010 MHz
	–
	2025 MHz 
	2010 MHz 
	–
	2025 MHz
	TDD

	35
	1850 MHz 
	–
	1910 MHz
	1850 MHz 
	–
	1910 MHz
	TDD

	36
	1930 MHz 
	–
	1990 MHz
	1930 MHz 
	–
	1990 MHz
	TDD

	37
	1910 MHz 
	–
	1930 MHz
	1910 MHz 
	–
	1930 MHz
	TDD

	38
	2570 MHz 
	–
	2620 MHz
	2570 MHz 
	–
	2620 MHz
	TDD

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

	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	TDD

	


Following table is copied from V12.7.0 published March 2015. Now the number of defined frequency band is 40.
Table 5.5-1 E-UTRA operating bands

	E‑UTRA 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
	

	1
	1920 MHz
	–
	1980 MHz 
	2110 MHz
	–
	2170 MHz
	FDD

	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

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

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz
	–
	2155 MHz
	FDD

	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894MHz
	FDD

	61
	830 MHz
	–
	840 MHz
	875 MHz
	–
	885 MHz
	FDD

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

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

	9
	1749.9 MHz
	–
	1784.9 MHz
	1844.9 MHz
	–
	1879.9 MHz
	FDD

	10
	1710 MHz
	–
	1770 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	11
	1427.9 MHz
	–
	1447.9 MHz 
	1475.9 MHz
	–
	1495.9 MHz 
	FDD

	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	FDD

	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	FDD

	14
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	FDD

	15
	Reserved
	Reserved
	FDD

	16
	Reserved
	Reserved
	FDD

	17
	704 MHz
	–
	716 MHz
	734 MHz
	–
	746 MHz
	FDD

	18
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	FDD

	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	FDD

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	FDD

	22
	3410 MHz
	–
	3490 MHz
	3510 MHz
	–
	3590 MHz
	FDD

	23
	2000 MHz
	–
	2020 MHz
	2180 MHz
	–
	2200 MHz
	FDD

	24
	1626.5 MHz
	–
	1660.5 MHz
	1525 MHz
	–
	1559 MHz
	FDD

	25
	1850 MHz
	–
	1915 MHz
	1930 MHz
	–
	1995 MHz
	FDD

	26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	FDD

	27
	807 MHz
	–
	824 MHz
	852 MHz
	–
	869 MHz
	FDD

	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD

	29
	N/A
	717 MHz
	–
	728 MHz
	FDD2

	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	FDD

	31
	452.5 MHz
	–
	457.5 MHz
	462.5 MHz
	–
	467.5 MHz
	FDD

	32
	
	N/A
	
	1452 MHz
	–
	1496 MHz
	FDD2

	33
	1900 MHz
	–
	1920 MHz
	1900 MHz
	–
	1920 MHz
	TDD

	34
	2010 MHz
	–
	2025 MHz 
	2010 MHz
	–
	2025 MHz
	TDD

	35
	1850 MHz
	–
	1910 MHz
	1850 MHz
	–
	1910 MHz
	TDD

	36
	1930 MHz
	–
	1990 MHz
	1930 MHz
	–
	1990 MHz
	TDD

	37
	1910 MHz
	–
	1930 MHz
	1910 MHz
	–
	1930 MHz
	TDD

	38
	2570 MHz
	–
	2620 MHz
	2570 MHz
	–
	2620 MHz
	TDD

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

	40
	2300 MHz
	–
	2400 MHz
	2300 MHz
	–
	2400 MHz
	TDD

	41
	2496 MHz
	
	2690 MHz
	2496 MHz
	
	2690 MHz
	TDD

	42
	3400 MHz
	–
	3600 MHz
	3400 MHz
	–
	3600 MHz
	TDD

	43
	3600 MHz
	–
	3800 MHz
	3600 MHz
	–
	3800 MHz
	TDD

	44
	703 MHz
	–
	803 MHz
	703 MHz
	–
	803 MHz
	TDD

	NOTE 1:
Band 6 is not applicable

NOTE 2:
Restricted to E-UTRA operation when carrier aggregation is configured. The downlink operating band is paired with the uplink operating band (external) of the carrier aggregation configuration that is supporting the configured Pcell.


Observation 3:

New frequency bands has been continuously defined and will continue to be defined.

It cannot be assumed that communication module in a vehicle can be easily modified or updated. As a result, even if a vehicle supports all defined frequency band at the time of manufacturing, soon the frequency band that it cannot support will appear. If there is change in the used frequency bands for V2X in the future, vehicles equipped with old V2X module will be unable to use V2X service.
Observation 4:

If frequency bands for V2X is modified or updated, there is a possibility that an old vehicle is not provided with V2X service.  
Depending on the region, FDD operator and TDD operator may coexist. If each operator provides V2X service on frequency band of their own and vehicles are unable to support both FDD and TDD operation, V2X communication between FDD-V2X vehicle and TDD-V2X vehicle may not work by direct communication (D2D).
Observation 5:

If there is a possibility of coexistence of FDD band for V2X and TDD band for V2X in the same region, there is a possibility that V2X communication between vehicles may not be supported. 

Unlike V2V service or V2P service where the end points are UEs subscribed to V2X service, one end point of V2N service and V2I service is an application server in the network or an entity managed by network operators or ITS authority. Thus, for V2I service and V2N service, the network can takes some measures to handle the interoperability issues listed above. For example, each network operator can install new RSU for V2I service whenever new frequency band is added for V2X.
In case of V2V service and V2P service using Uu interface, the above issue may be mitigated. For example, eNBs can relay received V2X messages to other eNBs of different PLMN or operating mode. However, if PC5 interface is used, the above issues need careful considerations.
Observation 6:

Issues identified above is critical for V2V service and V2P service over PC5 interface. 

3. Proposal
It is proposed to agree text proposals attached below. The text proposal is based on S1-152742 which is noted in Belgrade.
>>>>>>>>>> START OF CHANGE <<<<<<<<<<
6.2
Consideration on spectrum

In order to not preclude any scenario, considerations can be given if V2X service shall use spectrum dedicated to V2X or if it can co-exist in spectrum shared with non-V2X applications. Regarding spectrum usage, five aspects can be considered whether V2X service is using shared spectrum, designated spectrum, single versus multi-operator, overlapping/non-overlapping MNO areas and operators ownership of V2X spectrum. Detailed spectrum usage options can be found in Annex <A2>.




· 
· 
· 
One of the desirable operating models for V2V service using direct communication is in unified and dedicated spectrum at least regionally harmonised.
If V2X safety services co-exist in spectrum shared with other 3GPP-defined services, 3GPP network should consider prioritization between V2X safety services and other services in radio resource allocation.
>>>>>>>>>> END OF CHANGES <<<<<<<<<<
Annex A.
In the following, the contents of R2-155002 is copied for reference. R2-155002 includes the agreement of email discussion over RAN2 reflector.

	
V2X operation scenarios
Editor notes: This section is to describe LTE-based V2X operation scenarios, e.g., in terms of spectrum, network coverage, etc.
Editor notes: It is FFS whether V2I/V2N/V2P will be captured in the following scenarios or new scenarios.

4.1
Scenario 1

4.1.1
General Description
This scenario supports V2V operation only based on PC5.

In this scenario, a UE transmits a V2X message to multiple UEs at a local area in sidelink.


[image: image1.emf]E-UTRAN

SL


Figure 4-1: Scenario 1
4.1.2
Operation Aspects

RAN aspects for PC5-based V2V operation (Tx/Rx of V2V message) are as follows:

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

· Case 1A: 6 GHz

· Case 1B: 2 GHz

Note: Case 1B may not be need to be specifically simulated for all scenarios

· (Aspect 2) eNB deployment consideration including possibility of network control

· 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.
· (Aspect 3) Multi-carrier operation

· Case 3A: UEs communicating over PC5 across a single carrier.

· Case 3B: UEs communicating over PC5 across multiple carriers.

· (Aspect 4) Operating scenarios

· Case 4A: Single operator operation

· Case 4B: A set of PC5 operation carrier(s) is shared by UEs subscribed to different operators. This means that UEs belonging to different operators may transmit on the same carrier. 

· Case 4C: Each operator is allocated with a different carrier. This means that a UE transmits only on the carrier allocated to the operator which it belongs to.

· FFS: Case 4D: No operator operation 

· (Aspect 5) Co-existing with Uu

· 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.

All scenarios and combinations captured above should be considered in scope of the study item.

4.2
Scenario 2

4.2.1
General Description

This scenario supports V2V operation only based on Uu.

In this scenario, a UE transmits a V2X message to E-UTRAN in uplink and E-UTRAN transmits it to multiple UEs at a local area in downlink. 

To support this scenario, E-UTRAN performs uplink reception and downlink transmission of V2X messages. For downlink, E-UTRAN may use a broadcast mechanism. It is FFS whether E-UTRAN supports RSU function in this scenario.
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Figure 4-2: Scenario 2
4.2.2
Operation Aspects

RAN aspects for Uu-based V2V operation (Tx/Rx of V2X message) in this scenario are as follows:

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

· Case 1A: 6 GHz

· Case 1B: 2 GHz
NOTE: Case 1A may not be needed to be specifically simulated for uplink and downlink.

· (Aspect 2) eNB deployment consideration including possibility of network control

· eNB deployment and network control for radio resources are always assumed in uplink and downlink.

· (Aspect 3) Multi-carrier operation

For UL:

· Case 3A-UL: UEs performing uplink transmissions at a single carrier for V2X messages.

· Case 3B-UL: UEs performing uplink transmissions across multiple carriers for V2X messages.

For DL:

· Case 3A-DL: UEs performing downlink receptions at a single carrier for V2X messages.

· Case 3B-DL: UEs performing downlink receptions across multiple carriers for V2X messages.

· (Aspect 4) Operating scenarios

· Case 4A: Single operator operation (i.e. message exchange across operators are not assumed.)
· Case 4B: A set of 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 which it belongs to. It is FFS whether UE receives on the downlink carrier allocated to the other operator as well as the downlink carrier allocated to the operator which it belongs to.

Editor notes:
It is FFS whether or not the study considers the case that each operator is allocated with a different uplink carrier while a set of downlink operation carrier(s) is shared by UEs subscribed to different operators. The study excludes the case that a set of uplink operation carrier(s) is shared by UEs subscribed to different operators while each operator is allocated with a different downlink carrier.

·  (Aspect 5) Co-existing with Uu/sidelink
· Case 5A: There is no sidelink traffic on the Uu operation carrier.

· Case 5B: The uplink carrier is shared with sidelink.
· NOTE:
It is FFS whether the uplink carrier can be the dedicated operation carrier for V2X.

Editor notes:
It is FFS whether the study will consider this aspect for Scenario 2.

· (Aspect 6) Single/multiple eNB
· Case 6A: Uplink reception and downlink transmission for the same message are performed by the same eNB.
· Case 6B: Uplink reception and downlink transmission for the same message are performed by different eNBs.
· In this case, uplink reception is performed by one eNB. But downlink transmission can be performed by different eNB(s) including the eNB which received the message.
Editor notes: The cases above will result in several combinations across the aspects. It is FFS whether all combinations will be considered in the study. The cases in each aspect above may co-exist.

4.3
Scenario 3

4.3.1 General Description

This scenario supports V2V operation using both Uu and PC5.

4.3.1.1 Scenario 3A

In this scenario, a UE transmits a V2X message to other UEs in sidelink. One of the receiving UEs is a UE type RSU which receives the V2X message in sidelink and transmits it to E-UTRAN in uplink. E-UTRAN receives the V2X message from the UE type RSU and then transmits it to multiple UEs at a local area in downlink. 

To support this scenario, E-UTRAN performs uplink reception and downlink transmission of V2X messages. For downlink, E-UTRAN may use a broadcast mechanism. It is FFS whether E-UTRAN also supports RSU function in this scenario.
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Figure 4-3: Scenario 3A
4.3.1.2 Scenario 3B

In this scenario, a UE transmits a V2X message to E-UTRAN in uplink and E-UTRAN transmits it to one or more UE type RSUs. Then, the UE type RSU transmits the V2X message to other UEs in sidelink.

To support this scenario, E-UTRAN performs uplink reception and downlink transmission of V2X messages. For downlink, E-UTRAN may use a broadcast mechanism. It is FFS whether E-UTRAN also supports RSU function in this scenario.
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Figure 4-4: Scenario 3B

4.3.2
Operation Aspects

RAN aspects for Uu/PC5-based V2V operation (Tx/Rx of V2X message) in this scenario are as follows:

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

For PC5:
· Applying all the cases in the corresponding aspect of Scenario 1.
For Uu:
· Applying all the cases in the corresponding aspect of Scenario 2.

NOTE: Evaluation work on V2V for this aspect will focus on the combination of {1A for PC5, 1B for Uu} in Scenario 3.

· (Aspect 2) eNB deployment consideration including possibility of network control

For PC5:

· Applying all the cases in the corresponding aspect of Scenario 1.
For Uu:

· Applying all the cases in the corresponding aspect of Scenario 2.
· (Aspect 3) Multi-carrier operation
For PC5:

· Applying all the cases in the corresponding aspect of Scenario 1.
For UL:

· Applying all the UL cases in the corresponding aspect of Scenario 2.
For DL:

· Applying all the DL cases in the corresponding aspect of Scenario 2.
· (Aspect 4) Operating scenarios

For PC5:

· Applying all the cases in the corresponding aspect of Scenario 1. 

For Uu:

· Applying all the cases in the corresponding aspect of Scenario 2.

For both PC5 and Uu:

· Case 4.1: PC5 operation carrier and Uu operation carrier are allocated to the same operator.
· Case 4.2: PC5 operation carrier and Uu operation carrier are allocated to different operators.

· In this case, it is assumed that uplink operation carrier and downlink operation carrier are allocated to the same operator. It is FFS whether uplink operation carrier and downlink operation carrier can be allocated to different operators. 

· (Aspect 5) Co-existing with Uu/sidelink
· Case 5A: Dedicated operation carrier for V2X on which there is sidelink traffic but no uplink (Uu) traffic, i.e. uplink and sidelink are on different carriers.
· Case 5B: The uplink carrier is shared with sidelink, i.e. uplink and sidelink are on the same carrier.

NOTE:
It is FFS whether the uplink carrier can be the dedicated operation carrier for V2X.

· (Aspect 6) Single/multiple eNB
· Applying all the cases in the corresponding aspect of Scenario 2.

Editor notes: The cases above will result in several combinations across the aspects. It is FFS whether all combinations will be considered in the study. The cases in each aspect above may co-exist.



Following is copied from TR 22.885
	Annex B:
Spectrum usage options for LTE-based V2X 

In the following, aspects affecting spectrum usage options for LTE-based V2X are listed. 
· 

· 
· 
· Aspect 2: Designated Spectrum (for V2X)

· 2A: A spectrum on which V2X Service can be provided is designated for use only by V2X
· 2B: A spectrum on which V2X Service can be provided is not only designated to V2X but also to other services.

· Aspect 3:  Multi-operator / Single operator

· 3A: In one region, several operators provide V2X Service. 

· 3B: In one region, no more than one operator provides V2X Service. 

· Aspect 4: Overlapping / Non Overlapping MNO areas (in case of multi operators environments)

· 4A: In some part of one region, service area of one operator overlaps with service area of other operators providing V2X Service 

· 4B: In one region, service area of different operators does not overlap.

· Aspect 5: 

· 5A: Operator designating part of its own spectrum for V2X Service.

· 5B: Operators do not use own spectrum for V2X Service


�Key aspects captured in the future proofness doc, right?


�Actually, I had trouble understanding Aspect 1, which in my opinion is highly overlapping with Aspect 3. Suggest to delete.





