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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK11]At the last RAN1#89 meeting, the following agreements were reached for CA on the sidelink for V2X [1]: 
· 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 this contribution, we discuss the synchronization aspects to support for carrier aggregation.
Discussion on synchronization aspects for Rel-15 V2X
Carrier independent synchronization reference configuration
For carrier aggregation up to 8 PC5 carriers, the synchronization procedure for sidelink CA needs to be defined. In particular, some carriers can be used by both Rel-14 and Rel-15 V2X UEs. As defined in Rel-14, the synchronization reference source is independently (pre-)configured per carrier according to the operators requirements. Per the WID [2], Rel-15 UEs must co-exist with Rel-14 V2X UEs. In order to support co-existence with Rel-14 V2X UEs the carrier synchronization reference source type should be the same as the one configured for the Rel-14 UEs. Thus, Rel-15 UEs should use the same configuration as Rel-14 UEs. 
Proposal 1: in order to co-exist with Rel-14 V2X UEs, the synchronization source type is (pre-)configured  for each carrier
Carrier group specific synchronization reference 
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]When there are different synchronization sources on different carriers, the UE may need to support multiple timings. While having the capability to support multiple timings is needed in order to provide deployment flexibility, it puts complexity constraints on the UE. Thus, it makes sense to have the number of RX/TX timings as a UE capability as defined for the Rel-14 UEs.
In order to reduce UE complexity, the carriers with the same timing can be grouped. The UE can then assume that these carriers are time-synchronized. If the UE supports only one TX/RX timing, the UE can only use carrier aggregation on one group. If the UE support multiple TX/RX timing, the UE can use carrier aggregation on multiple carrier groups.
 
Figure 1: sidelink carrier grouping.
Proposal 2: 
· Carriers with the same timing are grouped together in order to reduce the UE complexity
· Each carrier in the group has the same timing reference
Note that having carriers aligned has benefits, such as the possibility to share power between carriers. However, given that for Rel-14 UEs, different carriers can have different timings (depending on the synchronization source type), we do not see the need to mandate having all carriers aligned. However, given that within a group, the carriers are aligned, power sharing within the group is achievable.
Carrier offset
When the carriers are time-aligned, the SLSS/PBCH resources are aligned, thus there is a half-duplex issue, as explained in [4]. A UE transmitting SLSS/PSBCH cannot receive the SLSS/PSBCH from other cells.  One simple solution is to offset the SLSS/PSBCH transmission on some carriers so that the SLSS/PBCH are not time-aligned. A carrier-specific or group-specific syncOffsetIndicator can be defined. Figure 2 illustrates how the introduction of an offset solves the half duplex problem. By using an offset value, the PSBCH of CC3/CC4 is not aligned with the PSBCH of CC1/CC2.

[bookmark: _GoBack]Figure 2: group-specific syncOffsetIndicator.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 3: A carrier-specific or group-specific offset for the SLSS/PSBCH transmission is (pre-)configured.  
[bookmark: _Ref129681832]SLSS transmission
The synchronization source type that can be used by Rel-14 UEs is configured and can be eNB, GNSS or another UE. For shared carriers between Rel-14 and Rel-15 UEs, a Rel-15 UE needs to provide synchronization information to Rel-14 UEs. Thus, SLSS needs to be transmitted on all carriers where Rel-14 UEs are potentially present.
Proposal 4: Rel-15 V2X UEs transmit the SLSS/PSBCH on every carrier.
Conclusions
In this contribution, we discuss the synchronization aspects to support for carrier aggregation of Rel-15 V2X. According to the discussion, we have the following conclusions: 
Proposal 1: in order to co-exist with Rel-14 V2X UEs, the synchronization source type is (pre-)configured  for each carrier
Proposal 2: 
· Carriers with the same timing are grouped together in order to reduce the UE complexity
· Each carrier in the group has the same timing reference
Proposal 3: A carrier-specific or group-specific offset for the SLSS/PSBCH transmission is (pre-)configured.  
Proposal 4: Rel-15 V2X UEs transmit the SLSS/PSBCH on every carrier.

References
[bookmark: _Ref462034865][bookmark: _Ref457886090][bookmark: _Ref440294770][bookmark: _Ref447185020][bookmark: _Ref449455875][bookmark: _Ref474171964][bookmark: _Ref445191355][bookmark: _Ref440294595][bookmark: _Ref345171425][bookmark: _Ref350843677][bookmark: _Ref351104297][bookmark: _Ref354672140][bookmark: _Ref394565143][bookmark: _Ref398279322][bookmark: _Ref401844427][bookmark: _Ref415126044]Chairman notes, 3GPP RAN1 #89, May 15 - 19, 2017.
RP-171069, “V2X phase 2 based on LTE,” Huawei, etc., RAN#76, June 5-8, 2017.
[bookmark: _Ref494217152][bookmark: OLE_LINK4][bookmark: OLE_LINK5]R1-1712131, “Discussion on synchronization support for carrier aggregation of R15 sidelink,” Huawei, HiSilicon, 3GPP RAN1 #90, Aug. 21 - 25, 2017.
[bookmark: _Ref494219964]R1-1713881 “Discussion on synchronization for carrier aggregation,” NTT DOCOMO, 3GPP RAN1 #90, Aug. 21 - 25, 2017.


image1.emf
 

Sidelink CC group1

CC

0

CC

1

CC

2

CC

3

Sidelink CC group2

t


image2.emf
 

CC1

CC2

CC3

CC4

syncOffset1

syncOffset1

syncOffset1

syncOffset1

syncOffset1

syncOffset1

syncOffset2

syncOffset2

SLSS period

SLSS period

SLSS period

SLSS period

SLSS period

SLSS period

SLSS period

SLSS period

t

t


