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1. Introduction
At RAN2#100, there were agreements on sidelink CA duplication as below [1]:

RAN#100 Agreements
9.10.2 Carrier aggregation (up to 8 PC5 carriers)

Agreements
1 Sidelink packet duplication in LTE is anchored at PDCP.
2 As for the Uu packet duplication, duplicated sidelink PDCP PDUs are submitted to two different RLC entities and associated to two different logical channels.
3 As for the Uu packet duplication, sidelink packet duplication on a single carrier is not supported, i.e. the MAC layer cannot multiplex the two logical channels associated to a duplicate packet into the same HARQ entity.
4 The LCID(s) that can be used for transmission of one replica of a duplicate packet are reserved, i.e. they cannot be used by non-duplicated packet transmission. RAN2 to discuss whether this LCID(s) for the duplicated packet should be (pre)configured or hard-coded or up to the UE implementation. (FFS (pre)configuration or hard-coded or up to the UE implementation. Option should be worked for both mode3 and mode4.)
5 Will ask SA2 the possibility to derive reliability inforamtion. Will include some background information for packet duplication and the benifits of reliability indication. Includes background information of Rel-14 PPPP.

Agreements:
1. For mode4 (connected and idle), UE autonomous activation of duplication transmission on multiple carriers is allowed based on (pre)configuration. FFS on UE request to NW for duplication transmission.


This contribution is to discuss packet duplication operations for V-UEs on configuration, activation and deactivation. 

When designing PDCP duplication for sidelink CA, it needs to consider the V-UEs out of coverage as well as the V-UEs in-coverage. The V-UEs in-coverage can be configured for PDCP duplication by using RRC message from eNB. It is FFS how the V-UEs out of coverage are configured for PDCP duplication e.g., whether pre-configuration is enough for the duplication. 
It also needs to specify details for duplication activation and deactivation for both V-UEs in-coverage and V-UEs out of coverage. For example, it is possible that eNB indicates V-UE in-coverage when to activate/deactivate the duplication but not for V-UE out of coverage. 
The details for duplication operations will be discussed under section 2.

2. Discussion
2.1 Configuration for Sidelink Packet Duplication 
To enhance reliability for V2X service, sidelink packet duplication with carrier aggregation has been discussed and agreed to support in RAN2. 
It was FFS how to enable packet duplication for a certain packet which requires “reliability”, and an LS was sent to SA2 to consult the possibility for the AS layer to obtain reliability information associated to V2X packets to be transmitted over the PC5, and how that can be achieved [2]. 
In SA2#125 meeting, SA2 has introduced a new parameter associated to V2X packets reliability (i.e., ProSe Per-Packet Reliability (PPPR)) [3]. The PPPR is set by the application layer for each V2X message when passing it to lower layer for transmission. Therefore RAN2 can utilize the PPPR to enable packet duplication. 
Observation 1. SA2 has introduced a new parameter ProSe Per-Packet Reliability (PPPR) for V2X packet reliability.

A reference value of PPPR should be configured for V-UE to enable packet duplication. The reference can be an integer value of PPPR as PPPP, a range of integer PPPR values, or a Boolean value of PPPR (e.g., reliability required or not). The details of such a PPPR format are FFS but the reference value of PPPR for packet duplication should be configured by either RRC signalling or pre-configured for V-UE.  V-UE can apply packet duplication for the packet whose PPPR satisfies the configured reference PPPR. 
Proposal 1.  PPPR (ProSe Per-Packet Reliability) can be configured to enable packet duplication through RRC signalling or pre-configuration. It is FFS how to set the value/format of PPPR (e.g., a Boolean value or integer value(s)) for the purpose. 
Furthermore, channel busy ratio (CBR) can be considered for enabling packet duplication. For example, even though PPPR set by higher layer meets the PPPR reference, V-UE does not have to enable packet duplication in case that channel utilization of serving carrier is not high. Packet duplication can be enabled if PPPR of V2X packet meets the PPPR reference and serving carrier is busy. 
Additional condition to enable packet duplication can be further studied.
Proposal 2.  It is FFS to configure CBR for packet duplication. 

2.2 Activation for Sidelink Packet Duplication
2.2.1 V-UE Operation in RRC-Connected 
1) V-UE in Mode 3
eNB can indicate V-UE to activate packet duplication. For this scenario, the V-UE can inform the eNB its enabling of packet duplication and get configuration (e.g., LCID for packet duplication) from the eNB. The V-UE also requests for eNB to allocate resource for packet duplication and the eNB can assign available resource for the V-UE’s packet duplication. PPPR of V2X packet can be informed to the eNB for resource allocation.
Observation 2. eNB can configure packet duplication activation for RRC-Connected UE and allocate available resource for packet duplication with consideration of PPPR. 
Sidelink BSR defined in Rel-14 can be reused for V-UE to request resource for packet duplication. LCID in sidelink BSR can be corresponding to PPPR of packet to be duplicated. 
Upon eNB receives the sidelink BSR with packet duplication information (the LCID corresponding to PPPR), the eNB can allocate resource for packet duplication to the V-UE. The allocated resource for packet duplication can be indicated by using DCI 5A of Rel-14.
Proposal 3.  Sidelink BSR in Rel-14 can be reused for requesting resource allocation for packet duplication in RRC-Connected.

2) V-UE in Mode 4
As described in 1) above when V-UE informs the eNB its enabling of packet duplication, the V-UE can get configuration (e.g., LCID for packet duplication) from the eNB but eNB can indicate V-UE to use UE autonomous resource selection for packet duplication. The eNB can provide the information of resource pool for packet duplication. 
After activating packet duplication, V-UE transmits the original packet in serving carrier and the duplicated packet in selected carrier, respectively. V-UE can select TX carrier for transmitting duplicated packet based on PPPR. V-UE can select resource to transmit duplicated packet using sensing operation as UE autonomous resource selection in Rel-14. The resource selection and duplicated packet transmission are operated independently in the selected carrier for duplication.
Proposal 4. V-UE configured with UE-autonomous resource selection for packet duplication can perform sensing for selection of resource as Rel-14.
Proposal 5. The sensing and packet transmission for packet duplication are independently operated in selected carrier for packet duplication.
Also in order to enhance reliability the V-UE can reuse CBR-PPPP Table in Rel-14. Since each carrier has different channel utilization, TX parameter selection based on CBR and PPPP as well as CBR measurement in Rel-14 can be performed independently on the selected carrier for packet duplication. 
Proposal 6. While transmitting duplicated packet in selected carrier for packet duplication, V-UE can reuse CBR-PPPP table (Rel-14).

2.2.2 V-UE Operation in RRC-Idle Mode
The eNB can configure the information of packet duplication for V-UE in RRC-Idle by using system information block (e.g., SIB21). Resource pool information for packet duplication can also be provided. 
V-UE in RRC-Idle can select TX carrier for transmitting duplicated packet based on PPPR. V-UE can select resource to transmit duplicated packet using sensing operation as in Rel-14. The resource selection and duplicated packet transmission are operated independently in the selected carriers for original packet and for duplicated packet. The V-UE in RRC-Idle can reuse CBR-PPPP Table in Rel-14. TX parameter selection based on CBR and PPPP as well as CBR measurement in Rel-14 can be performed independently on the selected carriers for original packet transmission and for duplicated packet transmission.
Proposal 7. eNB can provide configuration for activating packet duplication (e.g., resource pool, LCID) for V-UE in RRC-Idle.
Proposal 8. V-UE in RRC-Idle can perform sensing for selection of resource for packet duplication as in Rel-14.

2.2.3 V-UE Operation in Out-of-coverage
There can be two scenarios for V-UEs in out of coverage:
The one scenario is that V-UE cannot camp on any cell. Thus, V-UE cannot receive any information for resource pool for V2X. 
Another scenario is that V-UE can camp on a cell as serving carrier which provides resource pool for V2X in the carrier. However, V-UE has no information for other carrier except the serving carrier. 
For both scenarios, when a criteria is met for packet duplication V-UE can select autonomously TX carrier and resource pool from the pre-configured information for packet duplication. V-UE can perform sensing for selection of resource for packet duplication as Rel-14.  The pre-configured information can provide TX parameter selection based on CBR and PPPP as Rel-14.
Proposal 9. V-UE in out of coverage can use pre-configuration for packet duplication. Resource selection and TX parameter selection based on CBR and PPPP in Rel-14 can be reused for packet duplication by V-UE in out of coverage.

2.3 Deactivation for Sidelink Packet Duplication
Packet duplication can be deactivated when V-UE has no buffered packet to transmit using packet duplication. 
Proposal 10. V-UE can deactivate packet duplication if there is no buffered packet to transmit using packet duplication
Since eNB does not know the status of sidelink packet duplication even in RRC-Connected and the allocated resource for packet duplication can be wasted without any use, it is useful to inform the eNB of deactivation of packet duplication. 
Proposal 11. V-UE in RRC-Connected can inform eNB that its packet duplication is deactivated. 

3. Conclusion 
we observe the following:
Observation 1. SA2 has introduced a new parameter ProSe Per-Packet Reliability (PPPR) for V2X packet reliability.
Observation 2. eNB can configure packet duplication activation for RRC-Connected UE and allocate available resource for packet duplication with consideration of PPPR. 
And we propose the following:
Proposal 1.  PPPR (ProSe Per-Packet Reliability) can be configured to enable packet duplication through RRC signalling or pre-configuration. It is FFS how to set the value/format of PPPR (e.g., a Boolean value or integer value(s)) for the purpose. 
Proposal 2.  It is FFS to configure CBR for packet duplication. 
Proposal 3.  Sidelink BSR in Rel-14 can be reused for requesting resource allocation for packet duplication in RRC-Connected.
Proposal 4. V-UE configured with UE-autonomous resource selection for packet duplication can perform sensing for selection of resource as Rel-14.
Proposal 5. The sensing and packet transmission for packet duplication are independently operated in selected carrier for packet duplication.
Proposal 6. While transmitting duplicated packet in selected carrier for packet duplication, V-UE can reuse CBR-PPPP table (Rel-14).
Proposal 7. eNB can provide configuration for activating packet duplication (e.g., resource pool, LCID) for V-UE in RRC-Idle.
Proposal 8. V-UE in RRC-Idle can perform sensing for selection of resource for packet duplication as in Rel-14.
Proposal 9. V-UE in out of coverage can use pre-configuration for packet duplication. Resource selection and TX parameter selection based on CBR and PPPP in Rel-14 can be reused for packet duplication by V-UE in out of coverage.
Proposal 10. V-UE can deactivate packet duplication if there is no buffered packet to transmit using packet duplication
Proposal 11. V-UE in RRC-Connected can inform eNB that its packet duplication is deactivated.
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