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[bookmark: _Ref483927698]Introduction
In RAN2#98 meeting, the following agreements were reached regarding packet duplication control:
Agreements
1	UL PDCP duplication is configurable per DRB and, for NR-NR DC case, per SRB.

FFS whether the initial state of the UL PDCP duplication (duplication active or not active and if not active which leg is used) is a default or whether the initial state can be signalled by RRC

2	RAN2 will attempt to define at least one mechanism to start/stop PDCP duplication more quickly and with less signalling overhead compared to RRC reconfiguration.

Agreement
=>	MAC CE approach will be used for control of UL duplication. Optimisations to reliability of the MAC CE will not be introduced for this mechanism. No optimisations or additional interactions between network nodes are introduced for this mechanism.
In this contribution, we address the above FFS regarding the content of the RRC configuration and discuss the next level of details regarding the MAC CE activation/de-activation. We provide a TP accordingly.
Discussion
[bookmark: _Ref484884541]Duplication modes
The packet duplication feature was added to the NR stack primarily in support of URLLC services by providing enhanced latency and reliability performance, specifically in HF deployments [1] . In most cases, it is expected that such services have rather low data rate so that enabling an “always-on” duplication does not come with a large overhead while securing the reliability. Similarly, SRBs which are infrequent packets won’t suffer from being always duplicated. However, the MAC CE control of the duplication is very useful for medium-high data rates (e.g. eMBB) for which duplication can also be needed in severe channel conditions (e.g. HO and/or HF beams) to preserve user experience and keep good TCP slow start performance. As a result, the MAC activation/de-activation is only necessary for some DRBs, while other DRBs can have duplication “always on”. Furthermore, for the former DRB group, duplication activation/de-activation depends on UE radio condition mainly. And the radio condition is expected the same for all DRBs of a UE. Hence there is no motivation to allow for the DRB flexibility in that case, and the activation/de-activation can be commonly conducted for all configured DRBs via a single command to the UE.
Based on the above, we think RRC should configure duplication for split bearers by assigning the radio bearer to either of two duplication modes:
· Duplication Mode 1: “always on”
· Duplication Mode 2: “on/off” based on MAC activation/de-activation.
Proposal 1: Packet duplication supports two modes, configured by RRC at radio bearer configuration (or re-configuration):
· Duplication Mode 1: “always on”
· Duplication Mode 2: “on/off” based on MAC activation/de-activation

[bookmark: _Ref484781638]Original/additional leg
Regarding the naming convention for the duplication pair of legs, the current running TS reads as follows [2] :
“When duplication is configured for a radio bearer by RRC, an additional RLC entity and an additional logical channel are added to the radio bearer to handle the duplicated PDCP PDUs. Duplication at PDCP therefore consists in sending the same PDCP PDUs twice: once on the original RLC entity and a second time on the additional RLC entity”.
We think this terminology is valid and should be used consistently when describing further the behaviors of the two legs used in duplication. The original leg is the default leg when duplication is not configured or activated. The additional leg can be configured/activated on top when the original leg shows weakness.
Proposal 2: Packet duplication is deployed over an original and an additional leg, where the original leg is used when duplication is not configured or de-activated.
In DC, the original and additional legs belong to different MACs. Therefore it seems natural that the original leg is mapped onto the MAC associated with the CG where the DL split occurs. In other words, for MCG split bearer the original leg is mapped onto the MCG MAC and for SCG split bearer, the original leg is mapped onto the SCG MAC.
Proposal 2: In DC, for MCG split bearer the original leg is mapped onto the MCG MAC and for SCG split bearer, the original leg is mapped onto the SCG MAC.
CC set restriction
Regarding CC set restriction in CA, the current running TS reads as follows [2] :
“The two different logical channels can either belong to the same MAC entity (CA) or to different ones (DC). In the former case, logical channel mapping restrictions are used in MAC to ensure that the logical channel carrying the original PDCP PDUs and logical channel carrying the corresponding duplicates are not sent on the same carrier”.
From the above it is clear that the two different logical channels are mapped onto disjoint CC sets thus providing a static CC separation of the duplicated PDUs. However, it is obvious that the CC set restriction on the original leg should only hold when duplication is activated (and so is the additional leg). In other words, de-configuration or de-activation of duplication of a radio bearer should also implicitly release the CC restriction of the original leg.
Proposal 3: Duplication de-configuration or de-activation on a radio bearer should also implicitly release the CC restriction of the original leg in CA.
RRC (re)-configuration of packet duplication
Packet duplication can be RRC configured at radio bearer setup. In that case RRC configures altogether both logical channels and RLC entities to be used for duplication and the RRC configuration includes:
· Duplication Mode 1 or 2 (“always on” or “on/off”)
· Original leg:
· RLC entity, AM/UM mode
· Logical channel and belonging LCG
· If duplication in CA, CC set restriction
· A simple bitmap can be used to configure the allowed CCs
· Only applies when the additional leg is active
· Status: activated
· Additional leg:
· RLC entity (same mode as original)
· Logical channel and belonging LCG (both different from those of the original leg)
· If duplication in CA, CC set restriction (different set from original leg) 
· Status: activated (Mode 1), de-activated (Mode 2)
An existing radio bearer can be RRC re-configured to support duplication. In that case, the original leg is already configured and only needs to be complemented with a CC restriction configuration. The additional leg needs to be configured in the same way as for an initial radio bearer setup configuration. It can be FFS if an RRC re-configuration can update a radio bearer to support duplication and change the original leg at the same time as an optimization of doing this in two steps.  
Proposal 4: RAN2 should capture the above RRC (re)configuration of the duplication feature in the stage 2 TS.
MAC CE control of duplication
As elaborated in Section 2.1, we don’t see the need to differentiate radio bearers in duplication control other than the two groups: “always on” and “on/off”, where MAC control of packet activation/de-activation applies commonly for the second group. Therefore we don’t see the need for the MAC CE to distinguish LCHs, and therefore we think a UE-specific MAC CE is sufficient. This is also aligned with the criterion of minimizing the signaling overhead of agreement #2 in Section 1.
Proposal 5: Packet duplication is activated/de-activated commonly for all DRBs configured with duplication Mode 2 via a single MAC CE. 
Conclusion
In this contribution, we analyze the next level of details of PDCP duplication control, namely the RRC (re)configuration as well as MAC activation/deactivation aspects. We conclude with the following proposals and provide a corresponding stage 2 TP.
Proposal 1: Packet duplication supports two modes, configured by RRC at radio bearer configuration (or re-configuration):
· Duplication Mode 1: “always on”
· Duplication Mode 2: “on/off” based on MAC activation/de-activation
Proposal 2: Packet duplication is deployed over an original and an additional leg, where the original leg is used when duplication is not configured or de-activated.
Proposal 3: Duplication de-configuration or de-activation on a radio bearer should also implicitly release the CC restriction of the original leg in CA.
Proposal 4: RAN2 should capture the above RRC (re)configuration of the duplication feature in the stage 2 TS.
Proposal 5: Packet duplication is activated/de-activated commonly for all DRBs configured with duplication Mode 2 via a single MAC CE. 
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5. Text proposal
[bookmark: _Toc482197733]6.4.2	Duplication
When duplication is configured for a radio bearer by RRC, an additional RLC entity and an additional logical channel are added to the original RLC entity and logical channel of the radio bearer to handle the duplicated PDCP PDUs. Duplication at PDCP therefore consists in sending the same PDCP PDUs twice: once on the original RLC entity and a second time on the additional RLC entity. When doing so, the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same carrier. The two different logical channels can either belong to the same MAC entity (CA) or to different ones (DC). In the former case, logical channel mapping restrictions are used in MAC to ensure that the logical channel carrying the original PDCP PDUs and logical channel carrying the corresponding duplicates are not sent on the same carrier. Once configured for a radio bearer, duplication can be activated and de-activated by means of a MAC control element.
FFS whether RRC can configure the initial state of duplication.
RRC configures duplication for split bearers by assigning the radio bearer to either of two duplication modes:
· Duplication Mode 1: “always on”
· Duplication Mode 2: “on/off”, where packet duplication is activated/de-activated commonly for all DRBs configured with duplication Mode 2 via a single MAC CE.
Packet duplication can be RRC configured at radio bearer setup. In that case RRC configures altogether both logical channels and RLC entities to be used for duplication and the RRC configuration includes:
· Duplication Mode 1 or 2 (“always on” or “on/off”)
· Original leg:
· RLC entity, AM/UM mode
· Logical channel and belonging LCG
· If duplication in CA, CC set restriction
· A simple bitmap can be used to configure the allowed CCs
· Only applies when the additional leg is active
· Status: activated
· Additional leg:
· RLC entity (same mode as original)
· Logical channel and belonging LCG (both different from those of the original leg)
· If duplication in CA, CC set restriction (different set from original leg) 
· Status: activated (Mode 1), de-activated (Mode 2)
An existing radio bearer can be RRC re-configured to support duplication. In that case, the original leg is already configured and only needs to be complemented with a CC restriction configuration. The additional leg needs to be configured in the same way as for an initial radio bearer setup configuration.
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