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1 Introduction

Carrier aggregation is considered as a way to increase data rate and also performance of V2X communications. The following agreement was achieved so far [1][2],
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
Agreement:

· For the three CA use cases identified in RAN1#89

· First and third use case are prioritized in RAN1.
· For the second case, packet duplication can be done at higher layers (up to RAN2 to decide).

· Send an LS to RAN2 to inform them of the decision. 

Agreement:
· At least Rel-14 per-carrier independent sensing procedure and resource (re)selection is supported
· FFS whether other solution is needed. 
· FFS if sensing on multiple carriers as a single set of resources is supported

· FFS if sensing can be done on a per-carrier basis, but resource selection can be different than Rel-14 UEs

Working assumption: Any sensing and resource (re)selection procedure uses the Rel-14 PHY UE procedure of determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink transmission mode 4. Additional rules for resource exclusion of resources is not precluded after the procedure 
Agreement:

· Higher layer semi-statically provides potential carrier(s) for Tx and Rx for CA
· FFS how Tx carrier(s) is(are) selected within the set of potential Tx carrier(s) 
· Send LS to RAN2 cc SA2 to inform them of this assumption (including the note)

Note: it is RAN1 understanding that the higher layers will take other constraints (e.g., UE capability, services, etc.) into account when providing the set of potential carrier(s)
In the agreed use cases, parallel transmission doesn’t necessarily mean simultaneous transmission. The only limitation is that the transmission on multiple carriers must satisfy the latency requirement. Transmission in different subframes has the benefit of power usage. However, it may cause large issue on half duplex, since the basis on Rel-14 V2X operation is continuously reception/sensing which is not possible on a carrier if UE is transmitting on a neighbor carrier. In this contribution, we provide our views on automatic resource selection for mode-4 operations.  
2 Data transmission on one of multiple carriers
In a real V2X network, UE distribution is irregular and the location of UE is quickly changing. The traffic for a UE is not strictly periodic. Additionally, there are also event-triggered traffics. As a consequence, the load and interference levels on different carrier could be quickly varied. CBR is an indication on the load in a period of 100ms, which could be a metric to select a carrier from multiple carriers for the actual data transmission. However, carrier selection based on CBR may be deviated since a normal resource selection must consider the sensing results in the past 1000ms sensing window.  

In V2X phase 2, one objective is to reduce the maximum time between packet arrival at L1 and resource selected for transmission. For the packet with smaller latency requirement, the size of resource selection window is supposed to be smaller as well. The number of candidate resources in the reduced resource selection window is quite limited, it raises the possibility to select a highly interfered resource for the packet transmission, which increases the resource collision issue. In view of above issues, it is more efficient to jointly consider the resources across multiple carriers and select a resource on a carrier for the actual data transmission. 
For a packet from high layer, the transmission parameters on multiple carriers, e.g. reservation interval, number of (re)transmissions, and number of PSSCH sub-channels are first selected. The above parameters could be different on different carriers according to the congestion level on each carrier. The Rel-14 V2X resource selection procedure is then extended to multiple carriers:
· In step 2, a resource occupied/reserved by another UE is excluded if the RSRP of the resource is higher than a threshold configured for each carrier. If the remaining resource after step 2 is less than [20]%, increasing the threshold(s) can be considered as in Rel-14. 
· In step 3, to rank the candidate resources, remaining resources as outcome of step 2 can be jointly processed based on S-RSSI. Finally, [20]% of all candidate resources on the multiple carriers are kept. In the joint operation, most remaining resources will generally reside on a carrier with lower load. After random selection among the kept [20]% of all candidate resources, the interference of final selected resource is more likely to be lower which also minimize the impacts to other UEs.  

Proposal 1:

· Extend Rel-14 resource selection to multiple carriers to find a single carrier resource for a packet. 

3 Data transmission on multiple carriers
3.1 Half duplex transmission

In Rel-14, after deciding a packet transmitted on a carrier, resource selection is performed within a resource pool. It is assumed a vehicle continuously senses the channel, so that UE always has sensing information available in a sensing window before the timing for resource selection. The UE first decides on reservation interval, number of (re)transmissions, number of PSSCH sub-channels and etc. Then UE does sensing based resource selection to select one or two resources accordingly. The above procedure is restricted to a carrier without considering any relation of multiple carriers used by the UE. As a consequence, it is hard to coordinate the transmission/reception on the multiple carriers. 

In Rel-14, there is already an issue of half duplex. For a UE with period 100ms and two transmissions per packet, the UE will miss the reception of at least two subframes where UE transmits. Hence the UE can sense at most 98 of every 100 subframes. It may not be an issue if assuming UE can correctly decode the packet with only one transmission. The minimum latency requirement is 20ms, still assuming a packet is transmitted twice, the probability of collision of both transmissions hence failure reception is about 
[image: image1.wmf]005

.

0

1

2

20

»

C

, which is much tighter than the PRR requirement of 95%, hence Rel-14 V2X works. 

However, the issue of half duplex becomes much more serious in Rel-15 CA. In general, when a UE is transmitting/receiving on a carrier, the UE cannot receive/transmit on adjacent carriers in the same subframe. As shown in Figure 1, the transmission on a subframe (orange & green) in a carrier results in that the UE cannot do reception on all other carriers (grey with red cross), only if there is no enough separation in frequency between the carriers. Above reception includes both data decoding and sensing operations. 
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Figure 1: Half-duplex issue in multiple carriers

Denote number of carriers as N, number of transmission per packet as K, transmission period as P, the number of occupied subframes by UE’s own transmissions can be up to N*K. In an extreme case, N=8, K=2, P=20, the probability of collision of both transmissions hence failure reception is about 
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. Therefore, the upper limit of PRR is quite less than the requirement of V2X use cases. We calculate collision probability of several cases in Table 1. 

Table 1: Collision probability and resulting limit of PRR

	
	N
	K
	P
	Collision rate
	Limit of PRR

	1
	2
	2
	20
	0.032
	96.8%

	2
	4
	2
	20
	0.147
	85.3%

	3
	8
	2
	20
	0.632
	36.8%

	4
	2
	2
	10
	0.133
	86.7%

	5
	4
	2
	10
	0.622
	37.8%

	6
	8
	2
	10
	1
	0


Another target in Rel-15 is to reduce the latency, e.g. from 20ms to 10ms. If such feature is enabled together with CA, after considering half duplex, even the simplest CA with 2 carriers cannot work. The above calculations only consider time domain resource. If sub-channel based frequency multiplexing is considered, the collision rate may be reduce a bit, but it is anticipated not reverse the above observations. 

Observation 1:

· Issue of half duplex is a significant limiting factor for V2X CA, which gives the upper limit of potential PRR. 

· It is expected the final PRR will be further reduced considering other factors in real transmissions. 

Proposal 2:

· Resource selection in V2X CA must minimize the impact of half duplex transmission/reception. 
3.2 Multiple-carrier transmission
To increase peak data rate, one typical use case for CA is to transmit multiple packets on multiple carriers. As agreed in last meeting, the above multiple packets can be transmitted in same subframe or in different subframes on different carriers. There are several factors which impact the parallel transmissions on multiple carriers. 
A first factor limiting V2X operation is the half-duplex issue as discussed in section 3.1. To minimize the impact from half-duplex issue, it is preferable to concentrate the V2X transmission to less number of subframes as much as possible. 

The second factor is UE maximum transmission power. Depending on the amount of V2X traffic with or without cellular traffic, UE may not have enough power to transmit above multiple packets in the same subframe. From this aspect, distributing V2X traffics on different subframes on multiple carriers seems more beneficial.
If Rel-14 resource selection is independently performed on each carrier, the UE actually loses the control on the above two factors. It may happen there is not enough power of UE so that packet dropping or power scaling has to be done. On the other hand, the UE may not be able to receive large amount of traffic from nearby UEs and may not be able to sense large amount of subframes in the sensing window which finally increase the possibility of resource collisions of UEs. Assuming T1=4 and T2=20, two transmissions per packet, two sidelink processes per carrier and a typical 2 carriers CA scenario, UE’s transmission can use up to 8 subframes, hence only about half ratio of the subframes in selection window can be sensed. Therefore, it is preferred to design multiple carrier resource selection by considering above factors. Other limitation factors on resource selection in CA if justified can also be considered.
Observation 2:

· The limitation on transmission power favorites the distribution of V2X traffics into different subframes;

· To minimize the impact of half-duplex, it is preferable to concentrate the V2X transmission to less number of subframe as much as possible;

Proposal 3:

· In the resource selection on multiple carriers, at least the following factors must be considered: limitation of maximum transmission power and half-duplex operation on multiple carriers. 

For the multiple packets (belonging to same or different services) from high layer, a UE first decides the transmission parameters on each carrier, including reservation interval, number of (re)transmissions, number of PSSCH sub-channels, etc. In fact, UE cannot know exactly the amount of available resources before entering resource selection. CBR measurement for a carrier could be reference; however, it may not be accurate enough, since at least the information obtained from SA of a neighbor UE is not considered. Therefore, UE is not sure about the suitable set of parameters for the multiple carriers. To avoid the performance loss, it is possible that UE can select multiple set of parameters for the multiple carriers, try resource selection respectively and finally UE can verify which set of parameters are proper and select the resource correspondingly. 

A single subframe could be defined in a respective carrier, so that Rel-14 resource selection procedure can be largely reused on each carrier. For a set of determined parameters for the multiple carriers, the resources corresponding to the multiple carriers are selected. The procedure is based on Rel-14 resource selection with some changes reflecting new requirements. 
· Due to half-duplex operation on multiple carriers, the number of subframes not sensed normally larger than Rel-14 but still can be handled following Rel-14 scheme.

· In step 2, a resource occupied/reserved by another UE is excluded if the RSRP of the resource is higher than a threshold. A different or same threshold can be configured on the multiple carriers. If the remaining resource after step 2 is less than [20]% in a carrier, increasing the threshold(s) can be considered as in Rel-14. 

· In step 3, rank resource could be done per carrier, to keep [20]% of all candidate resources on each carrier
· In Rel-14, a random resource selection is done after step 3. However, it has to jointly consider the remaining resource on the multiple carriers to minimize the impacts of above factors in CA. It is desirable that the selected resources are cumulated into as less number of subframes as possible, unless the transmission power is larger than the maximum transmission power. 
Proposal 4:

· UE could try multiple sets of transmission parameters in resource selection and select the most proper set for transmission. 

· After Step 3 defined in 36.213, resource is randomly selected across the carriers. The number of subframes used by transmission should be minimized with the consideration of maximum transmission power. 

Alternatively, a single subframe resource could be defined by aggregating resources across a group of carriers. A UE will then transmit on the same timing in the group of carriers so that issue of half duplex is eliminated. Rel-14 resource selection procedure then extended to the operation on the single subframe resource across multiple carriers. That is, in step 2 and step 3, the multi-carrier single subframe resource should be treated as a whole. By this way, issue of half duplex is highly reduced since resources selected in the group of carriers by the UE are always located on same subframe.
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Figure 1. Cross-carrier single subframe resource
Proposal 5:

· To select the resources on multiple carriers, it is desirable that the selected resources are cumulated into as less number of subframes as possible, unless the transmission power is larger than the maximum transmission power. 
· Allow UE to consider single subframe resources across multiple carriers as one single subframe resource during resource reselection procedure.

Another factor for resource selection is the number of Tx/Rx chains of a UE. The number of simultaneous transmitted carriers is limited by the number of Tx chains, Nt. The number of monitored carriers is limited by number of Rx chains, Nr. In a UE implementation, Nr could be larger than Nt. Since more Rx chains are available, UE actually has the corresponding sensing results on more carriers. If transmission on all Nr carriers is desirable, a limitation on using the existing Nt Tx chain (smaller than Nr) has to be considered. For example, an interruption time for carrier switching needs consideration in resource selection. 
Observation 3:

· If the number of Rx chain is larger than Tx chain for a UE, and if the number of transmitting carriers are more than the number of Tx chains, an interruption time for carrier switching needs consideration in resource selection.

4 Conclusions
In this contribution, we provide our views on supporting mode-4 in V2X CA. Several limiting factors are discussed, including dynamic load and interference level among multiple carriers, limitation of maximum transmission power and half-duplex operations on multiple ca. The observations and proposals are,
Observation 1:

· Issue of half duplex is a significant limiting factor for V2X CA, which gives the upper limit of potential PRR. 

· It is expected the final PRR will be further reduced considering other factors in real transmissions. 

Observation 2:

· The limitation on transmission power favorites the distribution of V2X traffics into different subframes;

· To minimize the impact of half-duplex, it is preferable to concentrate the V2X transmission to less number of subframe as much as possible;

Observation 3:

· If the number of Rx chain is larger than Tx chain for a UE, and if the number of transmitting carriers are more than the number of Tx chains, an interruption time for carrier switching needs consideration in resource selection.

Proposal 1:

· Extend Rel-14 resource selection to multiple carriers to find a single carrier resource for a packet. 

Proposal 2:

· Resource selection in V2X CA must minimize the impact of half duplex transmission/reception. 
Proposal 3:

· In the resource selection on multiple carriers, at least the following factors must be considered: limitation of maximum transmission power and half-duplex operation on multiple carriers. 

Proposal 4:

· UE could try multiple sets of transmission parameters in resource selection and select the most proper set for transmission. 

· After Step 3 defined in 36.213, resource is randomly selected across the carriers. The number of subframes used by transmission should be minimized with the consideration of maximum transmission power. 

Proposal 5:

· To select the resources on multiple carriers, it is desirable that the selected resources are cumulated into as less number of subframes as possible, unless the transmission power is larger than the maximum transmission power. 
· Allow UE to consider single subframe resources across multiple carriers as one single subframe resource during resource reselection procedure.
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