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1
Introduction
In RAN2 #99bis and #100 meetings, the following agreements on activation/deactivation of PDCP data duplication were reached [1][2] in LTE. 
	Agreements in RAN2#99bis:

1
MAC CE is used for activation and deactivation of PDCP duplication for each RB configured with duplication.

2
PDCP duplication is configured by RRC. The configuration also indicates whether the duplication is immediately started, which is the same as NR.

3
LCH to carriers/cells restriction is configured for CA duplication.

Agreements in RAN2#100

1
The activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication. The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s).


Furthermore, following agreements were reached in NR for duplication activation/deactivation [3]:

	Agreements in RAN2#1706Adhoc

1
MAC CE enables per DRB control activation/deactivation of packet duplication for DRBs with packet duplication configured by RRC.

2
UE acts on MAC CEs received from MCG and SCG. No UE behaviour will be specified to manage a conflict between the commands received from MN and SN.
Agreements in RAN2#99:

1
For DC, when DRB duplication is deactivated via MAC CE, the UE falls back to the split bearer operation. Once de-activated we rely on split bearer operation and configuration.
2
1 byte bitmap could be used as duplication activation/deactivation MAC CE.
3
The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s).

Agreements in RAN2#1801Adhoc

1
When configuring duplication, RRC can also set the initial state (active or inactive) for DRBs.

2
If SRB is configured to use duplication, the state is always active.

3
Upon packet duplication activation, only PDCP SDUs/PDUs not submitted to lower layers are duplicated.

4
For packet duplication, when to submit PDCP PDUs to lower layers is up to UE implementation. 


In the first meeting discussing HRLLC in LTE, RAN2 agreed PDCP data duplication for LTE shall assume NR PDCP data duplication as baseline. In order to drive the process, in this paper, we will discuss the duplication activation/deactivation in details by drawing on the progress in NR.
2
Discussion
2.1 SRB duplication activation/deactivation
In last meeting, it was agreed to support RLC AM for SRB for packet duplication via DC and CA as shown below. However, there is still no agreement on the SRB duplication activation/deactivation via MAC CE in LTE.

	Agreement in RAN2#100

1
Support RLC AM for SRB for packet duplication via DC and CA. FFS the DRB case.


In RAN2#1801Adhoc NR meeting, it is agreed if SRB is configured to use duplication, the state is always active. For SRB, the amount of packets is small and the delay is relatively tolerant. Therefore, there is no need to support MAC CE activation/deactivation for SRB. Once the duplication for SRB is configured, the duplication for SRB is activated. The same scheme as in NR can be reused in LTE.
Proposal1: SRB duplication activation/deactivation via MAC CE is not supported in LTE. Once the duplication for SRB is configured, it is always activated.
2.2 DRB duplication activation/deactivation
Currently, there is significant progress on DRB duplication (de)configuration/ (de)activation. We will discuss the issue in details based on following figure. First we assume RLC AM duplication via DC is supported, which issue is discussed in a separate paper [4].
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Figure 1 UL Duplication (de)configuration/ (de)activation
Obviously, there are three cases of state switching.

a) Single Connectivity ↔ Dual Connectivity

This state switching has been specified, which uses RRC signalling to configure or de-configure dual connectivity. In order to support packet duplication via DC, RRC shall configure corresponding DC operation with split bearer. Currently, only RLC AM for DRB can be configured with split bearer.
Observation1: in existing LTE DC, only RLC AM for DRB can be configured with split bearer.
b) Dual Connectivity ↔ Packet Duplication
RAN2 agreed PDCP duplication is configured by RRC and the configuration also indicates whether the duplication is immediately started. One option is RRC configures PDCP duplication and indicates the duplication is immediately started. The other option is RRC configures PDCP duplication and indicates the duplication is not immediately started. This means that the RRC configures two RLCs for one PDCP-config with PDCP duplication deactivated. Then MAC CE can be used to activate PDCP duplication. 
Observation2: The mechanism that MAC CE is used to activate PDCP duplication from data split mode of DC operation to packet duplication mode.
Proposal2: In order to support potential packet duplication via DC, RRC can configure the corresponding PDCP-config in split bearer mode firstly, i.e. two UM mode RLCs configured for one PDCP-config.
As we mentioned before, in existing LTE DC, only RLC AM for DRB can be configured with split bearer, i.e. two RLCs configured for one PDCP-config. To address the issue, we have two options to deal with it.
Option1:  Support RLC UM in split bearer. 

With this option, the same scheme used for RLC AM can be reused for RLC UM, e.g. MAC CE activation/deactivation. Since RLC UM duplication is agreed to be supported, it is natural and easy to support RLC UM in split bearer.
Option2:  Only RRC signalling can be used to configure/de-configure RLC UM duplication.
If RLC UM is not supported in split bearer, according to observation2, MAC CE activation/deactivation scheme cannot be used for RLC UM duplication. Then only RRC reconfiguration message can be used for this purpose. That means, either RRC implicitly indicates the activation/deactivation when configuring/ de-configuring RLC UM duplication or RRC explicitly indicates the activation/deactivation after configuring RLC UM duplication.

Obviously, option1 is simpler and more flexible. There will be less work to support RLC UM in split bearer and the MAC CE activation/deactivation mechanism can be used for RLC UM duplication. Then we propose:
Proposal3: RLC UM split bearer, i.e. two UM mode RLCs configured for one PDCP-config needs to be supported in LTE for the packet duplication. 
Currently, NR has discussed the UE behaviours once DRB duplication is deactivated and made following agreement. 
	Agreements in NR:

1
For DC, when DRB duplication is deactivated via MAC CE, the UE falls back to the split bearer operation. Once de-activated we rely on split bearer operation and configuration.


That means, split bearer configurations are configured before DRB duplication is deactivated. Then when DRB duplication is deactivated via MAC CE, the UE can fall back to the split bearer operation. If proposal3 is agreed, the same mechanism can be used for both RLC UM duplication and RLC AM duplication in LTE. 
Proposal4: for DC, when DRB duplication is deactivated via MAC CE, the UE falls back to the split bearer operation. For CA, when DRB duplication is deactivated via MAC CE, the UE falls back to the single RLC operation.
c) Single Connectivity ↔ Packet Duplication
In this case, RRC configures the packet duplication and indicates the duplication is immediately started, which has been agreed. On the contrary, RRC de-configures the packet duplication and implies the duplication is deactivation. 
Proposal5: RRC can be used to de-configure the packet duplication directly. 
2.3 Design of Duplication activation/deactivation MAC CE 
For MAC CE format, there were the following agreements in previous LTE sessions:

	Agreements in RAN2#100

1
The activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication. The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s).


In NR spec TS 38.321 [5], the MAC CE format is shown as below, and it is proposed to apply it in LTE.
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Figure 6.1.3.11-1: Duplication Activation/Deactivation MAC CE in TS 38.321
Proposal6: The duplication activation/deactivation MAC CE in TS 38.321 can be applied in LTE.
3
Conclusions
This contribution analyses URLLC process procedure, and makes the following observations: 
Observation 1: in existing LTE DC, only RLC AM for DRB can be configured with split bearer.
Observation 2: The mechanism that MAC CE is used to activate PDCP duplication from data split mode of DC operation to packet duplication mode.
Observation 3: The mechanism that MAC CE is used to deactivate PDCP duplication to DC operation only applies for RLC AM for DRB rather than RLC UM or SRB.
Base on the above observations, we propose as follows:
Proposal 1: SRB duplication activation/deactivation via MAC CE is not supported in LTE. Once the duplication for SRB is configured, it is always activated.
Proposal 2: In order to support potential packet duplication via DC, RRC can configure the corresponding PDCP-config in split bearer mode firstly, i.e. two UM mode RLCs configured for one PDCP-config.
Proposal 3: RLC UM split bearer, i.e. two UM mode RLCs configured for one PDCP-config needs to be supported in LTE for the packet duplication. 
Proposal 4: for DC, when DRB duplication is deactivated via MAC CE, the UE falls back to the split bearer operation. For CA, when DRB duplication is deactivated via MAC CE, the UE falls back to the single RLC operation.
Proposal 5: RRC can be used to de-configure the packet duplication directly. 
Proposal 6: The duplication activation/deactivation MAC CE in TS 38.321 can be applied in LTE.
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