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1 Introduction

In RAN1#89 meeting, the following use cases for V2X CA were identified [1],
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
In the first use case, the multiple MAC PDUs can belong to a same high layer packet or multiple high layer packets. The second use case is for the transmission of same packet on multiple carriers for combining and diversity gain. Parallel transmission in above use cases doesn’t necessarily mean simultaneous transmission. The third use case is to increase the capacity of the system. 
In this contribution we will focus on the discussion of how to support the 3 CA use cases in mode 3, the discussion for mode 4 and synchronization are captured in a companion contributions [2][3].  
2 Discussions 
Scheduling and DCI format
According to WID [4], up to 8 carriers need to be supported in V2X CA, sidelink cross-carrier scheduling is necessary. In rel-14 UE can be configured with multiple sidelink carriers via the IE “v2x-InterFreqInfoList”, each carrier configured in the IE can be cross-carrier scheduled through DCI format 5A, where CIF field is used as the frequency indicator, i.e. CIF=1 in DCI-5A corresponds to the first entry in this frequency list, CIF=2 corresponds to the second entry, and so on. Hence, for support of cross-carrier scheduling in Rel-15 CA, Rel-14 mechanism can be reused. 

In addition, for backward compatible, it has been agreed “In rel. 15 V2X WI, PSCCH and its associated PSSCH are transmitted in same carrier”.  The one-to-one mapping relationship between PSCCH and starting sub-channel of associated PSSCH defined in Rel-14 should be reused for Rel-15 as well, which implies that the contents defined in DCI 5A suffice to support mode 3 scheduling in Rel-15 sidelink CA.

Observation 1:

· Rel-14 sidelink cross-carrier scheduling mechanism and DCI format 5A defined for sidelink scheduling can be reused for Rel-15 sidelink CA. 

UE RF capability reporting
Although UE can be configured with up to 8 sidelink carriers, how many carriers that UE can simultaneously transmitting on are dependent on the number of Tx chains. eNB should ensure that the number of carriers scheduled at the same time can be supported by the UE. To serve this purpose, UE should report the set of carriers on which UE can transmit simultaneously to eNB. In case of UE having limited number of Tx chains and being scheduled with multiple carriers, the UE needs to switch Tx chain from one carrier to another. Therefore enough switching time should be reserved between scheduled resources on different carriers. 
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Figure 1 Sufficient switching time between two scheduled subframes on different carriers should be reserved

Multiple configured sidelink carriers may be subject to half duplex restriction for some UE, e.g. for the carriers within the same band and without enough separation in between. UE transmitting on one of the half duplex restricted carriers cannot receive on others. This information should be taken into account when eNB deciding which carriers to be scheduled to the UE. eNB can minimize the number of subframes that one UE needs to transmit PSCCH/PSSCH on these carriers, furthermore, eNB should also minimize the number of UEs transmitting on same subframe on these carriers, such that the reception loss caused by half duplex can be reduced.

Proposal 1:

· To assist eNB mode 3 scheduling, UE should report its RF capability, including number of Tx chains, set of carriers on which UE can transmit simultaneously, set of carriers that are subject to half duplex restriction, to eNB. 

CBR measurement
When UE is configured with multiple sidelink carriers, the traffic load on these carriers may be different. In case of not all resources are allocated by eNB on these carrier, e.g. mode 3 and mode 4 sharing same resource pool on some carriers, eNB may not be aware of the accurate traffic load on every carrier. Some mode 3 UE should measure and report CBR on some carriers according to eNB’s instruction. Based on this information eNB can balance traffic load among different carriers within the region when scheduling mode 3 transmission.
Proposal 2:

· If UE is configured with multiple sidelink carriers, it should measure and report CBR of some carriers according to eNB’s instruction for load balance. 

Tx capability limitation
In Rel-14, when UL TX overlaps in time domain with SL TX in the shared (or same) carrier frequency, the UE shall drop the UL TX if the PPPP of SL packet is above a (pre)configured PPPP threshold, otherwise SL TX is dropped; When UL TX overlaps in time domain with SL TX in different carrier frequency, the UE may drop UL TX or reduce UL TX power if the PPPP of SL packet is above a (pre)configured PPPP threshold, otherwise the UE may drop SL TX or reduce SL TX power.
As to Rel-15 sidelink CA, in case of SL transmission and UL transmission overlap in the same carrier, the handling method in Rel-14 can be reused. On the other hand, UE may need to transmit multiple SL and UL in different carriers simultaneously, and the PPPP of SL transmissions on different carriers may be divergent. If UE transmission capability cannot accommodate all these simultaneous transmissions, similar as Rel-14 operation, UE can drop or reduce transmission power of the transmissions in ascending order of priority, i.e. SL with PPPP smaller than pre-configured PPPP threshold > UL > other SL transmissions.
Proposal 3:

· If UE transmit capability cannot accommodate all transmissions on different carriers simultaneously, it should follow the priority order as below to drop or reduce transmission power of transmissions:

· SL with PPPP smaller than pre-configured PPPP threshold > UL > other SL transmissions ;
3 Conclusions
In this contribution, we provide our views on the support of mode-3 in V2X CA. we have following observations and proposals:
Observation 1:

· Rel-14 sidelink cross-carrier scheduling mechanism and DCI format 5A defined for sidelink scheduling can be reused for Rel-15 sidelink CA. 

Proposal 1:

· To assist eNB mode 3 scheduling, UE should report its RF capability, including number of Tx chains, set of carriers on which UE can transmit simultaneously, set of carriers that are subject to half duplex restriction, to eNB. 

Proposal 2:

· If UE is configured with multiple sidelink carriers, it should measure and report CBR of some carriers according to eNB’s instruction for load balance. 

Proposal 3:

· If UE transmit capability cannot accommodate all transmissions on different carriers simultaneously, it should follow the priority order as below to drop or reduce transmission power of transmissions:

· SL with PPPP above pre-configured PPPP threshold > UL > other SL transmissions ;
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