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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. 
2 Discussion

2.1 Two scenarios for PC5 multi-carrier
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. For this specific aspect, we address the details in [4].
Proposal 1 Capture the two scenarios of PC5 multi-carrier aspects related to requirements on the UE receiver chain into TR 36.885. 
2.2 Network control for multi-carrier scenario
One additional factor to take into consideration is that multi-carrier operation of PC5 requires coordination and alignment between the PC5 transmitter and receiver. There are two main reasons of this coordination:

-
To save power in active mode by not forcing the receiver to monitor all carriers;

-
But also more importantly, to avoid latency or packet loss if considering limited hardware capability at receiver side, i.e., fewer receiver chains than the number of carriers in the system. Without network control this 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 all together switch from one carrier to another.
To avoid this, the network can provide assistance in a global optimization way, if the UEs are in coverage, taking into account the different UE capabilities in terms of different number of Tx / Rx chains, whether simultaneous transmission / reception on multiple Tx / Rx chains is allowed.
Observation 1 Network control is necessary to optimize the system performance when in coverage.

2.2.1 UE capability report
Different UEs may have different capabilities with respect to multi-carrier operation. 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, capability of simultaneous sidelink RX is needed on the supported sidelink bands. 
Proposal 2 RAN2 investigates how to enable UEs to report the support for simultaneous reception on multiple sidelink carriers. 

2.2.2 PC5 carrier measurement

For all types of NW control or indication, the input would come from measurement reports made by UEs in the coverage, even though this would be limited to RRC CONNECTED UEs. For the objective of the measurement, RSSI (Received Signal Strength Indication), channel utilization percentage can be taken into account [4]. After that, the report mechanism is necessary, to trigger UE report either in time-triggered or event-triggered manner.

Proposal 3 RAN2 investigates how to enable the UE to perform measurements on the PC5 carrier and how to report the measurement result to the eNB.
2.2.3 PC5 carrier (de)activation 

Within the full set of carriers which can be used for PC5 operation, it is possible that only a subset of carriers is used by the UEs at any given time. This can be either due to low traffic load, or due to extensive interference from other co-existing systems like 802.11p at other carriers. The network can use broadcast signaling like SIB, to coordinate the PC5 operation among UEs in coverage, for both RRC CONNECTED and RRC IDLE UEs. This broadcast signaling may include a way to indicate the frequency carrier, the Tx resource pool for transmitters, the Rx resource pool for receivers, and where the resource pools are likely to be differentiated based on traffic types, e.g., safety and non-safety cases. On the other hand, network assistance is not available when out of coverage, so an autonomous carrier (de)activation procedure by UE is the only way out.
Proposal 4 RAN2 investigates how to enable activation and deactivation of the PC5 carriers, with and without network control.

2.2.4 PC5 carrier scheduling
If more than one PC5 carrier is activated, there would be multiple alternatives for the UE to transmit and receive PC5 traffic. If mode-1 resource allocation is supported in the V2X system, it would be straightforward to introduce a carrier domain field to DCI, in order to indicate the carrier to be used by PC5 transmitter. 

Proposal 5 RAN2 investigates centralized PC5 scheduling in multi-carrier scenario.

3 Conclusion

In section 2 we made the following observations:
Observation 1
Network control is necessary to optimize the system performance when in coverage.


Based on the discussion in section 2 we propose the following:
Proposal 1
Capture the two scenarios of PC5 multi-carrier aspects related to requirements on the UE receiver chain into TR 36.885.
Proposal 2
RAN2 investigates how to enable UEs to report the support for simultaneous reception on multiple sidelink carriers.
Proposal 3
RAN2 investigates how to enable the UE to perform measurements on the PC5 carrier and how to report the measurement result to the eNB.
Proposal 4
RAN2 investigates how to enable activation and deactivation of the PC5 carriers, with and without network control.
Proposal 5
RAN2 investigates centralized PC5 scheduling in multi-carrier scenario.
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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 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


<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.
� One single transmit chain is enough since we do not see per-UE capacity limiting factor in the V2x scenario, but more from system capacity perspective.


� Here we assume that case 4A/4B/4C include both in-coverage and out-of-coverage cases.


� For case 4B, here we assume the operators do not lose control of the shared carrier even if no RAN deployed at that carrier (e.g., at 5.9GHz), if resource partition (TDM and / or FDM) is done between operators, and thus the network control can be still implemented within the operator specific resource pool.


� One single transmit chain is enough since we do not see per-UE capacity limiting factor in the V2x scenario, but more from system capacity perspective.


� Here we assume that case 4A/4B/4C include both in-coverage and out-of-coverage cases.


� For case 4B, here we assume the operators do not lose control of the shared carrier even if no RAN deployed at that carrier (e.g., at 5.9GHz), if resource partition (TDM and / or FDM) is done between operators, and thus the network control can be still implemented within the operator specific resource pool.
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