3GPP TSG-RAN WG2 Meeting #99 
R2-1707970
Berlin, Germany, 21 - 25 August 2017
Agenda Item:

9.10.2
Source: 
Huawei, HiSilicon
Title: 
Discussion on carrier aggregation for eV2X
Document for:
Discussion and Decision
1 Introduction
The WID on V2X Phase 2 based on LTE [1] was approved to support advanced V2X services that defined in TR 22.886 [2].One of the objectives with respect to the carrier aggregation was described as follows:

	· Specify solutions for the following PC5 functionalities, which can co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs: [RAN1, RAN2, RAN4]

a) Carrier aggregation (up to 8 PC5 carriers);


In RAN1 #89 meeting, the CA related issues were discussed and 3 use cases were agreed to be considered by RAN1. An LS was sent to RAN2 to ask for taking into account these use cases agreed [3]:

	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


Based on RAN1 progress, this contribution will analyse carrier aggregation over PC5 for V2X sidelink communication from a RAN2 perspective.

2 Discussion
Below, potential RAN2 impacts for  the three use cases agreed by RAN1are going to be discussed respectively. 

· Use case 1:

	· Parallel transmission of MAC PDUs (‘parallel’ means at the same or different transmission time, but on different carriers). The MAC PDU payloads are different. 


Currently, various V2X services have been discussed in SA1, and the two sets of transmission requirements were respectively summarized in TR 22.885 [4] (for basic set) and TR 22.886 [2] (for 5G V2X services). According to the region-specific regulation for frequency usage, each kind of V2X services is only allowed to be transmitted on one or several specific frequencies. The mapping between V2X service types (e.g. PSID or ITS-AIDs) and frequencies can be provisioned via V3 interface or preconfigured in the UE [5].

From our point of view, the parallel transmission defined in use case 1 should at least support the two following cases from a TX UE perspective:
· Different V2X services can be transmitted on different frequencies based on specific regulations, respectively.
Take the ITS in Europe as an example: 3×10 MHz carriers on 5.875 GHz - 5.905 GHz are allocated for ITS road safety services, and 2×10 MHz carriers on 5.855 GHz - 5.875 GHz are allocated for ITS non-safety services. There is still at least another 20 MHz on 5.905 GHz to 5.925 GHz leaving for future ITS services [6]. In this case, if multiple carriers are allocated for a specific V2X service, the UE should be able select the most suitable one for its V2X service data to be transmitted.
· The same type of V2X services with high data rate requirement can be transmitted in parallel on multiple frequencies.

This case is from consideration of improving one UE’s throughput/data rate by means of multi-carrier transmissions. For instance, in order to support the peak data rate of 1 Gbps for the advanced V2X services like Collective Perception of Environment that is defined in [2], the parallel transmission on multiple carriers should be supported over sidelink.  
Observation 1: From the perspective of a transmitter, carrier aggregation over sidelink should not only support different V2X services transmitted on different carriers, but also support the same V2X services transmitted in parallel on multiple carriers. 
When multiple carriers are considered for V2X sidelink carrier aggregation, one consequent question is how to select a suitable carrier(s) for the transmission of each specific V2X service. 
From our perspective, a reasonable carrier selection mechanism may bring obvious benefits. For example, in Release 14, a Tx UE that selects a SynchRef UEs for Tx synchronization should continuously detect the SLSSs on each interested sidelink carriers. If synchronization signalling were to always exist on a specific carrier, the UE would only need to select this carrier to get sidelink synchronization, thus saving the cost potentially needed for searching for synchronization signals throughout all carriers. As another example,  considering the cost and the actual deployment, it is likely that some of V-UEs/P-UEs are with some restrictions on their reception capabilities, i.e., with quite limited numbers of Rx chains, especially in the early stage of V2X deployment. In order to ensure that a UE with such Rx chain restriction is also able to receive their interested V2X services effectively, the other UEs as transmitters may preferentially select the carrier(s), which can be received by this UE, for the transmissions of its interested V2X services.
Proposal 1: For sidelink carrier aggregation, a proper carrier selection mechanism needs to be supported from a higher-layer perspective. Details are FFS.
· Use case 2:

	· 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


The motivation of this use case 2 is mainly to increase transmission reliability for those V2X services with high-reliability requirements. To achieve such a purpose, a duplication procedure that performed either in MAC layer or in PDCP layer can be considered from a RAN2 perspective. 
Observation 2: Either MAC layer or PDCP layer can be considered for the cross-carrier duplication operation, in order to increase the transmission reliability for the V2X services, especially those with high-reliability requirements. 
For the MAC duplication manner, several copies of a same MAC PDU shall be transmitted on different carriers, so that a combination of the copies received from multiple carriers will be performed by the  Rx UEs. This can make the HARQ mechanism over sidelink very complex (e.g. how to decide which data received from different carriers are actually the duplications of the same MAC PDU, etc.). Besides, it may be desirable that duplication are performed on a service basis, meaning that only those packets with high-reliability requirement are transmitted in the duplication manner on multiple carriers. However, since the packets are multiplex in MAC, no matter with/without high-reliability requirements,  this MAC duplication manner inevitably has those data without high reliability requirements also transmitted in duplicated MAC PDUs. This seems a waste of resources as such data does not need duplication on multiple carriers for its reliability guarantee. 
In contrast, the PDCP related duplication can be operated on service level, which makes the mechanism more efficient and flexible. In addition, as the similar mechanisms have already been extensively discussed in NR and a LTE-Uu related PDCP duplication was also agreed as one feature to be supported in further specification [7], it is straightforward to extend the mechanism to sidelink.
Proposal 2: PDCP duplication should be supported instead of MAC duplication for sidelink CA enhancement, because of the following facts: 

· The PDCP related operation is more efficient and flexible, as the duplication can be operated at a service level.

· PDCP duplication is agreed to be supported in both NR and LTE Uu; it is straightforward to extend also the mechanism to sidelink.
· Use case 3:

	· 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


From our point of view, it is reasonable to assume that Rx UEs can receive different/same V2X services simultaneously on more than one carriers. However, it is more practical to assume that at least a portion of V-UEs/P-UEs may exist with limited RX chains, which cannot support the simultaneous reception on all 8 carriers at maximum. To enable this kind of UEs receive V2X services effectively, we think RAN2 should use the limited number of Rx chains as the baseline for further sidelink CA enhancments.
Proposal 3: RAN2 should take limited number of Rx chains as the baseline for further sidelink CA enhancements. 
3 Conclusion

In this contribution, we analyse three use cases provided by RAN1 one-by-one for carrier aggregation, and observe:
Observation 1: From the perspective of a transmitter, carrier aggregation over sidelink should not only support different V2X services transmitted on different carriers, but also support the same V2X services transmitted in parallel on multiple carriers. 
Observation 2: Either MAC layer or PDCP layer can be considered for the cross-carrier duplication operation, in order to increase the transmission reliability for the V2X services, especially those with high-reliability requirements. 
We also propose:

Proposal 1: For sidelink carrier aggregation, a proper carrier selection mechanism needs to be supported from a higher-layer perspective. Details are FFS.

Proposal 2: PDCP duplication should be supported instead of MAC duplication for sidelink CA enhancement, because of the following facts: 

· The PDCP related operation is more efficient and flexible, as the duplication can be operated at a service level.

· PDCP duplication is agreed to be supported in both NR and LTE Uu; it is straightforward to extend also the mechanism to sidelink.
Proposal 3: RAN2 should take limited number of Rx chains as the baseline for further sidelink CA enhancements. 
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