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1 Introduction
In RAN2#98bis meeting, the following was agreed on uplink duplication: 
Packet duplication - for split SRB
Agreements

1:
MN determines to use MCG duplication SRB and configures MCG duplication SRB by MN RRC signalling.

2:
For all DC cases (all MR-DC and NR-NR DC cases) for 'duplication SRB', UL packet transmission is configured by RRC to use MCG path, SCG path or duplicate on both MCG and SCG.

FFS Duplication on SRB for CA cases 

FFS Behaviour in the case of SCG failure when SCG is the configured path.

Packet duplication – other

Agreements:

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

Agreements:

1:
In CA, after the duplication is deactivated, the logical channel to carrier mapping restriction is not applied. UE sends new data via one specified logical channel.

FFS Whether RLC transmissions of the second leg are continued - to be concluded in stage 3 UP.

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. 

FFS Whether UL packet duplication for split bearer applies for EN-DC.
Agreements

1:
CA packet duplication is not applied to LTE CA of EN-DC.

2: 
In the EN-DC and NG-EN-DC case, CA packet duplication can only be configured for SCG bearer. In the NE-DC case, CA packet duplication can only be configured for the MCG bearer.

3: 
In the NR-NR DC case, CA packet duplication can only be configured for non-split bearer.

In this contribution, we enumerate the NR deployment scenarios (NR standalone, EN-DC, NG-EN-DC, NE-DC, NR-NR DC, NE DC), bearers and duplication types (DC/CA) and discuss the remaining cases to be decided.
2 Discussion

2.1 Support of CA and DC duplication scenarios in each NR deployment scenario
According to latest RAN2 agreements, the supported bearer types for DC duplication and CA duplication in the possible NR deployment scenarios are listed in table 1. 
	NR deployment Scenario
	Bearers supporting duplication

	
	DC duplication
	CA duplication

	EN-DC
	MCG split SRB

FFS: MCG/SCG split DRB
	SCG DRB
FFS: SCG SRB

	NG-EN-DC
	MCG split SRB

FFS: MCG/SCG split DRB
	SCG DRB
FFS: SCG SRB

	NE-DC
	MCG split SRB 
FFS: MCG split DRB
	MCG DRB

FFS: MCG SRB

	NR-NR DC
	MCG split SRB 
MCG split DRB
	MCG DRB, SCG DRB
FFS: MCG SRB

	NR
	NA
	DRB
FFS: SRB


Table 1: Support of DC and CA duplication for all NR deployment scenarios
We discuss the FFS points in the above table:
1. DC duplication for MCG/SCG split DRBs for EN-DC, NG-EN-DC and NE-DC deployments
With NR, NR-NR DC was considered as a way to ensure high reliability with low latency, without the need for increased reliability at L1. As LTE is now supporting short TTI, latencies close to the ones provided with NR could be achieved, so that low latency could also be achieved with UL duplication in EN-DC, NG-EN-DC and NE DC scenarios, Of course, as LTE PDCP specification is not in the scope of the NR WI, this would only be possible for bearers using NR PDCP.
Observation 1: With short TTI, LTE can provide lower latencies, so that the requirements of certain services with low latency and high reliability could be fulfilled using DC duplication in EN-DC (if NR PDCP is used), NG-EN-DC and NE-DC.
Proposal 1: Support DC duplication for MCG split DRB using NR PDCP and for SCG split DRB in EN-DC and NG-EN-DC scenarios
Proposal 2: Support DC duplication for MCG split DRB in NE-DC scenario 
2. CA duplication for SCG SRB for EN-DC and NG-EN-DC
The purpose of SCG SRB in EN-DC and NG-EN-DC scenarios is to allow faster reconfiguration of SCG. In case of reliability problem of the SCG SRB, it is still possible to provide reconfiguration of SCG via MCG SRB, so there does not seem to be a strong need to support CA duplication for SCG SRB.
Observation 2: For EN-DC and NG-EN-DC scenarios, failures on SCG SRB can be recovered using MCG SRB.

Proposal 3: CA duplication is not supported for SCG SRB for EN-DC and NG-EN-DC scenarios.
3. CA duplication for SRB for NR and for MCG SRB for NE-DC
The SRB/MCG SRB is the main SRB for reconfiguration and measurement report in NR. While RLC AM can provide the necessary reliability, the timing to send measurement reports can be critical, especially in high mobility cases. In cases where there are cells on multiple frequencies, duplication of UL PDCP PDUs can increase the success of the first transmission, which can allow the gNB to take faster action.

Observation 3: CA duplication for MCG SRB can allow faster reception of UL RRC message in case the first transmission of a message is not successful, e.g. allowing faster handover.

Proposal 4: CA duplication is supported for (MCG) SRB for NR and for NE-DC.
2.2 Bearer type for packet duplication
RAN2 should make determine the bearer type for the operation of PDCP duplication. 
2.2.1 DC duplication

2 options were suggested for DC duplication:
Option 1: split bearer type is used for DC duplication 
Option 2:  a new bearer type, i.e. duplicate bearer is defined, in order to use DC duplication.

The duplication operation is similar to split bearer operation as they both use two legs to transmit data to different nodes. The difference just lies in that for duplication the same packets are transmitted via both legs. Therefore, it is simple and reasonable to reuse split bearer for duplication operation. For Option 2, it seems less necessary with no obvious gain. Therefore, we prefer Option 1.
Proposal 5: DC duplication is specified as an option for split bearers.

Proposal 5a: SRBs/DRBs using DC duplication are configured as split bearers.
2.2.2 CA duplication

RAN2 agreed that CA duplication can only be used for non-split bearers. As split bearers are using two different MAC entities, while CA duplication is using a single MAC entity, the split bearer type is clearly unsuitable for CA duplication. Since the network can switch dynamically between CA duplication and no CA duplication when a DRB is configured with CA duplication, it seems the bearer where CA duplication is applied can be a normal bearer.

For SRBs, it is likely that the use of CA duplication is permanent and the SRB will not be reconfigured, so we don't need to define special handling for change of SRB from CA duplication to no-duplication or vice-vesra.

Proposal 6: No special bearer type is needed for CA duplication, CA duplication is specified as an option for regular (i.e. non-split bearers) NR only SRBs/DRBs.

Proposal 6a: SRBs/DRBs using CA duplication are configured as regular bearers.

2.3 Initial state of duplication DRB
RAN2#98bis，RAN2 has a 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 signaled by RRC.
RAN2 make a down-selection from the three solutions for initial state of duplication in both DC and CA cases:

· Solution 1: The initial state (activated or deactivated) is configurable by RRC signaling. In case duplication is not active, the two legs are decoupled from the associated carriers. And it is UE implementation to choose one of the legs for data transmission.

· Solution 2: The RLC entities for the duplicated RB are defined as the RLC and the duplication RLC. The initial state of duplication leg is not active.

· Solution 3: The initial state is active by default.
Duplication DRB can be preconfigured. And it is fast activated by MAC if needed, e.g. based on the radio link condition. For Duplication SRB, the data volume is low. The initial state can be active by default for the reliability.
Proposal 7：For CA duplication and DC duplication, the initial state of duplication is inactive for DRBs and active for SRBs.
2.4 SCG failure when SCG is the configured UL path for a SRB
In the case of SCG failure when SCG is the only configured path, there is no suitable leg which can be used so it is necessary to trigger S-RLF. Such a configuration does not seem reasonable for the split MCG SRB. To our understanding, the SCG is only used as duplication leg for reliability. For the reliability, SRB can be used in duplication. Otherwise, it can be configured on MCG.
In the case of SCG failure when SCG is the one of the configured paths, UL transmission can continue on the MCG. it is not necessary to trigger RLF.
Observation 4：SCG should not be configured as the only UL path for DC duplication on MCG Split SRB.
3 Conclusion
In this contribution, we discussed the remaining issues for duplication transmission. Based on the above analysis, we make the following proposals:
Proposal 1: Support DC duplication for MCG split DRB using NR PDCP and for SCG split DRB in EN-DC and NG-EN-DC scenarios
Proposal 2: Support DC duplication for MCG split DRB in NE-DC scenario 
Proposal 3: CA duplication is not supported for SCG SRB for EN-DC and NG-EN-DC scenarios.
Proposal 4: CA duplication is supported for (MCG) SRB for NR and for NE-DC.
Proposal 5: DC duplication is specified as an option for split bearers.

Proposal 5a: SRBs/DRBs using DC duplication are configured as split bearers.
Proposal 6: No special bearer type is needed for CA duplication, CA duplication is specified as an option for regular (i.e. non-split bearers) NR only SRBs/DRBs.

Proposal 6a: SRBs/DRBs using CA duplication are configured as regular bearers.

Proposal 7：For CA duplication and DC duplication, the initial state of duplication is inactive for DRBs and active for SRBs.
4 Text Proposal
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 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. 

SRBs/DRBs using CA duplication are configured as regular bearers. SRBs/DRBs using DC duplication are configured as split bearers. Upon configuration of duplication, duplication is initially active for SRBs and inactive for DRBs.
Once configured, duplication can be activated and de-activated per DRB by means of a MAC control element:

-
In CA duplication, when duplication is de-activated, the logical channel mapping restrictions are lifted;

-
In DC duplication, the UE applies the MAC CE commands regardless of their origin (MCG or SCG).

The supported bearer types for DC duplication and CA duplication in the possible NR deployment scenarios are listed in table 6.4.2-1. 

Table 6.4.2-1 Support of DC and CA duplication for all NR deployment scenarios
	NR deployment scenario
	Bearers supporting duplication

	
	DC duplication
	CA duplication

	EN-DC
	MCG split SRB
MCG/SCG split DRB
	SCG DRB

	NG-EN-DC
	MCG split SRB
MCG/SCG split DRB
	SCG DRB

	NE-DC
	MCG split SRB
MCG split DRB
	MCG DRB



	NR-NR DC
	MCG split SRB
MCG split DRB
	MCG DRB, SCG DRB



	NR
	NA
	DRB, SRB
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