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1 Introduction

In [1], multi-carrier operation for PC5 interface is captured as one aspect in Scenario 1 and Scenario 3 as follows, yet no thorough investigation in RAN2 has been performed.
· (Aspect 3) Multi-carrier operation

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

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

In this paper, we focus on the multi-carrier operation for PC5 based communication. We present an analysis of the impact from multi-carrier operation and propose to capture it in the TR.
2 Discussion
In this section we describe the impact from multi-carrier operation on three aspects. These aspects are the impact on the number of receiver chains in the UE, the impact on differentiation of safety services, and the impact on network control.

2.1 Impact on the number of receiver chains in the UE
The first step to look into PC5 multi-carrier issue is to clarify the applicable scenario. Considering the operating scenarios included in [1]:

-
(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 
Based on the requirements on the UE receiver chain, there could be mainly two types of scenarios where the PC5 multi-carrier operation should be investigated respectively.
Table 1 Two scenarios of PC5 multi-carrier operation

	
	Requirement on UE receiver chain
	Motivation
	Applicable cases of ‘Operating scenarios’

	Scenario A
	Additional receiver chain to allow simultaneous reception at multiple carriers
	To enhance system capacity using more spectrum
	Case 4A, Case 4B


	Scenario B
	Can be implemented by switching existing receiver chain between different carriers
	Either to allow inter-PLMN PC5 reception when each operator is allocated with a different carrier / carriers
	Case 4C


For the specific scenario of co-existence with 802.11p, added into SID [2] and WID [3] recently, a similar analysis based on the requirements on the UE receiver chain can be made. 
2.2 Impact on differentiation of safety services
Since one main factor to take into consideration is that multi-carrier operation of PC5 requires coordination between the PC5 transmitter and receiver, i.e., both of which activated on the same carrier, we need to differentiate the safety services from the non-safety services. Note that the discussion on carrier (de)activation below is more from receiver perspective, i.e., to decide whether to (de)active the receiver chain on each carrier, and within the activated carriers, the transmitter can select transmitting resources dynamically, in an autonomous or centralized way.
2.2.1 For the safety services
For the safety services, each UE as a receiver does not want miss any messages from the transmitter in the proximity, no matter which carrier this message is carried on. This mandates that the receiver chain(s) must be activated at least on every safety carrier which might be used by transmitter(s). 
Observation 1 To minimize packet loss is important for V2x safety service, which requires same configuration in the whole system.
In more details, it requires
· If more than one carrier is to be used for safety service, the UE must be capable of simultaneously receive in multiple carriers (possibly belonging to different operators) to avoid packet loss;

· To ensure a consistent service among UEs in a cell and across neighboring cells the decision which carriers to activate (and deactivate) cannot be made dynamically by the UE or at the eNB. Instead we think which carriers are used for safety services should be static.
Proposal 1 For V2x safety service, the UE should be required to monitor safety carriers.

Proposal 2 A UE which supports V2x safety services shall support simultaneous reception on multiple carriers on PC5.
2.2.2 For the non-safety services
Compared to the safety services, non-safety services have looser requirements on e.g. reliability and latency. Therefore we can consider other aspects like:
-
Optimization of power consumption in active mode, i.e. not forcing the receiver to monitor all carriers;

-
To (de)activate carriers dynamically according to the load status, instead of being fixed at one or more carrier even when under-/over-loaded;

Proposal 3 A UE which supports V2x non-safety services optionally supports simultaneous reception on multiple carriers on PC5.
2.3 Impact on network control
Based on the discussion in section 2.2, there might be a need for Tx resource selection and Rx chain (de)activation in the PC5 multi-carrier scenario. Although both distributed (decided by UE) or centralized (decided by eNB) scheme can be considered, only relying on UE autonomous selection may cause:

-
Mismatch between the transmitter and receiver, with respect to the selected carrier, due to the different environment (e.g., RSSI, interference) at transmitter and receiver.

-
Ping pong effects, transmitters looking for the least interfered carriers may switch from one carrier to another altogether.
To avoid this, the network can provide assistance, taking into account the different UE capabilities in terms of different number of Tx / Rx chains.
2.3.1 UE capability reporting
Until Rel-13, the UE just reports for each band combination whether in a certain band simultaneous downlink / uplink and sidelink RX / TX is supported. However, for PC5 multi-carrier operation, capability of simultaneous sidelink RX is needed on the supported sidelink bands. Based on the capability report, the network can decide on the carriers to be used to carry safety / non-safety messages.

Proposal 4 Enhance UE capability signalling for simultaneous reception on multiple sidelink carriers. 
2.3.2 UE Measurements
For all types of NW control or indication, there are possibly different types of input to use:

1)
Info from UE: it could be the measurement reports made by UEs in the coverage, even though this would be limited to RRC_CONNECTED UEs. In more details, it requires design on both measurement object and report mechanism. 

2)
Info from application layer: the application layer can determine the status of the PC5 load and on the basis of that, the eNB can determine the carrier to use. 

Observation 2 Network can base on the input from UE or application layer to decide on the PC5 multi-carrier configuration.
2.3.3 Mode-2 for multi-carrier operation
For safety service, if multiple carriers are to be used, network control would be beneficial in terms of resource allocation, e.g., resource pool configuration, and differentiated QoS control. The main change needed here is to introduce the dimension of frequency carrier into the resource pool definition, e.g.
Proposal 5 To enable multi-carrier scheduling, the resource pool configuration of mode-2 should include carrier information.
For non-safety service, the carrier usage can be controlled by RAN in a more flexible way, e.g., to (de)activate the carriers, due to low traffic load, or due to extensive interference from other co-existing systems like 802.11p at other carriers. The network can thus modify the resource pool definition semi-statically to change (and possibly deactivate) usage of a certain V2X carrier. 
2.3.4 Mode-1 scheduling for multi-carrier operation
In order for NW controlled resource usage and optimization, it would be straightforward to introduce a carrier domain field to DCI, in order to indicate the carrier to be used by PC5 transmitter. Yet before that, a mapping between carrier and carrier indicator field in DCI is needed in RRC signaling as in legacy carrier aggregation.
Proposal 6 Enhance mode-1 type scheduling to support multiple sidelink carrier scheduling.
2.3.5 Out-of-coverage scenario
If the UE is under network coverage on the V2X carrier, the network can clearly exercise proper sidelink scheduling via mode-1 or mode-2. However, there might be scenarios where V2X operations are performed on carrier(s) where there is no cellular LTE coverage. This is the case of the 5.9GHz band that is adopted / being discussed as ITS spectrum in different regions, e.g., US., Europe, China [6]
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[7], where  LTE network coverage (which is normally deployed at ~2GHz band) is not expected at the moment.

This scenario is depicted in Figure 1
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Figure 1: Scenario with cellular coverage on LTE bands and no cellular coverage on the V2X carrier.

Proposal 7 RAN2 should study the case in which no RAN cells are deployed in the ITS spectrum, e.g. 5.9 Ghz.

According to TS 36.304, in-coverage / out-of-coverage detection fully depends on whether network coverage is available on the target carrier, so the UE would base the cell search operation on for example the presence of a cell at 5.9GHz ITS spectrum, in order to evaluate the S-criterion. However, since there is no cellular coverage at 5.9GHz, the UE would conclude that it is out of coverage on the 5.9GHz ITS spectrum and preconfiguration of sidelink resources will be used. Therefore, even though the UE is in coverage on an LTE carrier at ~2Ghz (as depicted in Figure 1), it is not possible given current specification to cross-schedule the carriers at 5.9 Ghz, neither in mode 1, nor mode 2 fashion.

Observation 3 Current specification does not allow to perform sidelink scheduling (neither mode-1 nor mode-2) on a carrier, e.g. 5.9 GHz ITS spectrum, where there is no cellular coverage.
However, sidelink operations only based on pre-configurations might not be desired since RAN control is important here to improve QoS perception of LTE based vehicle communication, compared to fully autonomous access scheme, e.g., IEEE 802.11p system. Therefore, we believe that it is beneficial if a V2X LTE system can support mode-1/mode-2 operations over the 5.9Ghz band as long as there is available LTE cellular network coverage in other bands.
Proposal 8 Network controlled PC5 multi-carrier operation (mode-1, mode-2) is allowed for out-of-coverage scenarios (e.g. 5.9 Ghz ITS spectrum) provided that the UE is in coverage on another carrier.
If scenarios in which cell deployment at 5.9 GHz are possible, we believe that it is beneficial if the UE can signal to the LTE cell in which the UE is camping that there is no cell in the interested 5.9 Ghz band. In this way, the eNB can provide the proper sidelink resource configuration for that cell if available. Obviously, if a cell is present in the band of interest, the UE would just need to follow the sidelink resource configuration (mode-2/mode-1) provided by that cell.
Proposal 9 It might be beneficial if the UE can report its coverage status with respect to a carrier of interest, in order to enable the serving eNB to provide sidelink resources for the interested carrier.
On the other hand, as proposed in our companion paper [4], in case the UE does not have any cell coverage at all, pre-configuration can be used. Such pre-configuration can follow for example a resource partition of the spectrum of interest according to regional regulation

Proposal 10 Pre-configured resource can be used if no cell coverage is detected, neither in a serving carrier, nor in a V2X carrier of interest.
3 Conclusion

In section 2 we made the following observations:
Observation 1
To minimize packet loss is important for V2x safety service, which requires same configuration in the whole system.
Observation 2
Network can base on the input from UE or application layer to decide on the PC5 multi-carrier configuration.
Observation 3
Current specification does not allow to perform sidelink scheduling (neither mode-1 nor mode-2) on a carrier, e.g. 5.9 GHz ITS spectrum, where there is no cellular coverage.


Based on the discussion in section 2 we propose the following:
Proposal 1
For V2x safety service, the UE should be required to monitor safety carriers.
Proposal 2
A UE which supports V2x safety services shall support simultaneous reception on multiple carriers on PC5.
Proposal 3
A UE which supports V2x non-safety services optionally supports simultaneous reception on multiple carriers on PC5.
Proposal 4
Enhance UE capability signalling for simultaneous reception on multiple sidelink carriers.
Proposal 5
To enable multi-carrier scheduling, the resource pool configuration of mode-2 should include carrier information.
Proposal 6
Enhance mode-1 type scheduling to support multiple sidelink carrier scheduling.
Proposal 7
RAN2 should study the case in which no RAN cells are deployed in the ITS spectrum, e.g. 5.9 Ghz.
Proposal 8
Network controlled PC5 multi-carrier operation (mode-1, mode-2) is allowed for out-of-coverage scenarios (e.g. 5.9 Ghz ITS spectrum) provided that the UE is in coverage on another carrier.
Proposal 9
It might be beneficial if the UE can report its coverage status with respect to a carrier of interest, in order to enable the serving eNB to provide sidelink resources for the interested carrier.
Proposal 10
Pre-configured resource can be used if no cell coverage is detected, neither in a serving carrier, nor in a V2X carrier of interest.
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5 Annex - Text proposal

4.1.2
Operation Aspects

RAN aspects for PC5-based V2X operation (Tx/Rx of V2X 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.
For multi-carrier operation, the following two scenarios should be investigated.

Table 2 Two scenarios of PC5 multi-carrier operation

	
	Requirement on UE receiver chain
	Motivation
	Applicable cases of ‘Operating scenarios’

	Scenario A
	Additional receiver chain to allow simultaneous reception at multiple carriers
	To enhance system capacity using more spectrum
	Case 4A, Case 4B

	Scenario B
	Can be implemented by switching existing receiver chain between different carriers
	Either to allow inter-PLMN PC5 reception when each operator is allocated with a different carrier / carriers
	Case 4C


<NEXT CHANGE>

5.1.X
Network control for multi-carrier scenario
Network control is beneficial in a multi-carrier scenario. A centralized node such as the eNB can decide on the number of carriers to use e.g. based on load. This aligns Tx chain and Rx chain on the same carrier for safety message delivery, and optimizes the number of carriers a UE has to monitor thereby saving power. The centralized node can also take into account the different channel conditions at receiver and transmitter, thereby increasing the quality of the service. Also, in an autonomous configuration, transmitting UEs may try to ping-pong between carriers trying to find the one with least amount of interference. A centralized node may also take into account the varying capabilities of the UEs when configuring them.

In order for the centralized node to be of use, it needs to know the various capabilities of the UEs when configuring them, and the radio conditions experienced by the UEs. Hence measurements (e.g. RSSI and/or channel utilization) on the PC5 carrier are supported. Measurement reporting can be event-triggered or time-triggered.

Activation and deactivation of PC5 carriers is supported. This can be done by the eNB with either common or dedicated signalling.

Regarding mode-1 resource allocation, the eNB can indicate in the DCI on which PC5 carrier the UE shall transmit.
� In � REF _Ref450722104 \r \h ��[5]�, discussion on how to enable network control in shared PC5 carrier by multiple operators is provided.






5/7


