[bookmark: _GoBack][bookmark: _Ref452454252]3GPP TSG RAN WG1 Meeting #90                                                           R1-1714194
Prague, Czechia, 21th -25th, August 2017

Agenda item:		5.2.3.1.2 
Source:			ITRI
Title:		Discussion on V2X Sildelink Carrier Aggregation Scheduling in Mode 4
Document for:		Discussion and decision
[bookmark: _Ref429645891]Introduction
In RAN1#89 meeting, some agreements were made for the CA in V2X, including the use cases and the PC5 carrier scheduling [1]. Besides, issues such as sensing and synchronization were also left for the RAN1#90 meeting. Therefore the sidelink scheduling should be investigated for V2X CA.
In this contribution, we will discuss scheduling issue on V2X Sidelink Carrier Aggregation for Mode 4. 
Discussion
Agreements from previous meeting
In RAN1#89, the uses cases for sidelink CA were agreed:
Agreement:
· For RAN1, 3 use cases are considered for CA (Note that all use cases may not necessarily be supported):
· Parallel transmission of MAC PDUs (‘parallel’ means at the same or different transmission time, but on different carriers). The MAC PDU payloads are different. 
· Parallel transmission of replicated copies of the same packet (‘parallel’ means at the same or different transmission time, but on different carriers)
· FFS at which layer replication is done
· Capacity improvements from the receiver perspective
· Note: From the receiver’s perspective, simultaneous reception over multiple carriers is assumed. From a transmitter’s perspective, transmission occurs over a subset of the available carriers
· For example, capacity could be increased a UE transmits on a single carrier (which can be different for each UE), but receives over all carriers

For the sidelink scheduling in PC5 carrier aggregation:
Agreement:
· In rel. 15 V2X WI, PSCCH and its associated PSSCH are transmitted in same carrier. 
· This does not preclude the PSCCH to contain information about other carriers, as long as within the scope of the WID 


In other words, self-carrier scheduling is agreed in the RAN1#89 meeting.  Because multiple carriers may be allocated to one UE, the corresponding allocation of scheduling assignment and resource blocks should be investigated. Several options including resource selection, carrier sensing, and the ongoing scheduling/allocation may be tuned based on the V2X requirement. Besides, the synchronization across carriers is also studied. We will illustrate potential combinations based on the assumptions and options above in the following sections.

Carrier Aggregation in Sidelink
[image: ]
[bookmark: _Ref489943392]Figure 1: Cross-carrier synchronization in sidelink CA
We illustrated the sensing and data transmission phase for V2X sidelink carrier aggregation in Figure 1. It should be noted that the scheduling assignment (SA), which contains the specific location of data, is transmitted before the data transmission. SA is transmitted in the sensing window phase, in PSCCH; whereas the data is transmitted in the data transmission phase, in PSSCH. Given the agreement that “PSCCH and its associated PSSCH are transmitted in same carrier,” the SA and the corresponding data transmission should be performed in the same carrier.
Besides, Figure 1 also shows that the sensing window phases in all the CCs are synchronized, as well as the data transmission phase. That is, a UE cannot transmit an SA on one CC while transmitting data on another CC.

Observation 1: The SA and the corresponding data transmission should be performed in the same carrier, and the sensing/transmission window should be synchronized.

Potential Solutions for Resource Allocation in Sidelink CA
From the discussion in the previous section, we know that the SA and data should be allocated in the same carrier, and the window should be synchronized. This is the basic assumption for sidelink CA resource allocation. However, to improve the utility of wireless resource, appropriate resource allocation mechanism should be applied. Based on the potential options for resource selection/carrier sensing/data allocation, 3 solutions were proposed in the following sections for discussion.
Because the UE needs to select the component carrier (CC) for access, and then perform the corresponding carrier sensing using SA with the following data transmission, the number of the CC selection/carrier sensing/data may serve as the classification of solutions. We denoted it the X/Y/Z CA, and the terms
X is the number of CC to be access
Y is the number of carrier to be sensed using SA
Z is the number of data transmission.
It should be noted that X≧Y≧Z. This is because the UE may not access the channel it has not sensed in the sensing phase.
Observation 2: UE should not access the carrier it has not sensed before.

Solution 1: 1/1/1 CA
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[bookmark: _Ref489944374]Figure 2: Randomly select one CC, and compete for the channel access on it.
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In this solution, a UE can only transmit data only on one CC. That is, UE only wants to access 1 CC, and it transmitted SA on 1 carrier, and the data transmission is performed in 1 carrier. Therefore it is 1/1/1 CA

Solution 2: M/M/1 CA
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[bookmark: _Ref489945067]Figure 3: Randomly select multiple CC, and compete for the channel access. Only 1 CC is used for data transmission.
Figure 3 illustrates the second solution. In this solution, a UE that wants to transmit over PC5 can randomly select multiple CCs to transmit SA, and compete for the data transmission resource. However, if the UE has won the data resource in multiple CCs, it can only transmit data on one of them; that is, it has to give up the resources it has won in the other CCs. In this case, the UE maps the data resource from what it has won in the remainder CC. Hence, the UE can transmit data on only one CC.
Multiple CC is accessed and sensed, but only 1 is used for data transmission, so this is M/M/1 CA.

Solution 3: M/M/M CA
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[bookmark: _Ref489945279]Figure 4: Randomly select multiple CC and compete for channel access. Data transmission over multiple CC.
The third solution is depicted as Figure 4. A UE that wants to transmit data over PC5 can transmit SAs on multiple randomly-selected CCs, and compete for the data transmission resource. After the competition, the UE transmits the data on all data resources mapped from what it has won in the sensing phase. Therefore, a UE can transmit data on more than one CC. It is M/M/M CA.

Pros and Cons of Each Solution
	Solutions
	Solution 1
	Solution 2
	Solution 3

	SA transmission
	On one CC
	On multiple CC
	On multiple CC

	Data transmission
	On one CC
	On one CC
	On multiple CC

	Collision prob. in SA transmission
	Low
	High
	High

	Throughput per UE
	Low
	Low
	High

	Power consumption in a round
	Low
	Medium
	High

	Suitable cases
	Many UEs using the PC5 transmission
	
	Few UEs using the PC5 transmission
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Table 1 is the comparison of the three solutions. We will compare them based on the collision probability in SA transmission, throughput, and the suitable use cases as follows:

Collision Probability in SA Transmission
It is intrinsic that under the same number of UEs, Solution 1 would have a lower collision probability in SA transmission. It is because a UE can transmit SA on only one CC; as a consequence, there would be fewer competitors in a CC, leading to lower collision probability.
As for Solution 2 and Solution 3, since a UE can transmit SA on multiple CCs, there would be more average competitors in a CC, resulting in a higher collision probability.

Throughput per UE
Throughput is a key metric for the UE’s performance. We first assume that there is no collision in data transmission. Under a given number of UEs, a UE can transmit data on multiple CCs in Solution 3, and as a consequence it would yield a higher throughput per UE. As for the other solutions, a UE has limited throughput because it can transmit data on only one CC. However, for the cases that the data are collided, since Solution 3 has a higher collision probability, the throughput may be impacted.

Suitable Cases
To sum up, Solution 1 has the benefit that the UE may experience fewer collisions. As the fact that the data resource depends on the SA reception, if the SA is collided, the data will also be collided. However, if there are fewer communicating UEs, the Solution 1 possesses a disadvantage of low resource efficiency. Therefore, Solution 1 is suitable for the scenarios that have a lot of users utilizing the sidelink, to secure the successful transmission of SA and data.
For Solution 3, it has a higher throughput when the number of UE is small. Since a UE can transmit data on multiple CCs, under the condition that the SA is less collided, the system can achieve a higher throughput.
As for Solution 2, it has the disadvantage of high SA collision probability and low throughput per UE. Furthermore, a UE may need to further transmit a signal to convey which CCs are abandoned. Hence, we think that Solution 2 is not suitable for such PC5 communications.

Proposal: The solution for sidelink CA should consider the number of CC to be accessed, sensed, and served as data transmission.
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Our observations include:
Observation 1: The SA and the corresponding data transmission should be performed in the same carrier, and the sensing/transmission window should be synchronized.
Observation 2: UE should not access the carrier it has not sensed before.

From the observations and discussions in the previous sections, we propose:
Proposal: The solution for sidelink CA should consider the number of CC to be accessed, sensed, and served as data transmission.
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