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1   Introduction

In RAN2#97bis meeting, PDCP duplication was discussed and following agreement was achieved [1]:

Agreements:
1: RRC configures PDCP for duplication and the radio protocols of the UE with separate RLC entities and logical channels to handle duplicates (referred to as “legs”)

2: only one additional leg is configured for PDCP duplicates.
3: the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same transport block.

FFS whether in CA case to support PDCP duplicates on the same carrier with some restriction to prevent them from being transmitted on the same transport block. (Noting that we have already agreed that they can be sent on different carriers)

4:
PDCP duplication solution for CA requires only one MAC entity.

5
logical channel mapping restrictions need to be introduced to handle duplicates in within one MAC entity (CA).

In RAN2#98 meeting, enable/ disable PDCP duplication was discussed, and following agreements was achieved [2]:
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.
Agreements for duplication in CA case
1
Duplication on a single carrier will not be supported

2
RRC configured mapping of the 2 duplicate LCHs to different carriers will be supported (One carrier cannot have both of the duplicate LCHs mapped to it)

3
Duplicated PDCP PDUs are submitted to two different RLC entities

 This contribution discuss about some remaining issues needed to be addressed.

2   Discussion
PDCP duplication is configured by RRC message and can be applied to both Carrier Aggregation and Dual Connectivity scenarios for services that require low latency and high reliability. In this contribution, we discuss some remaining issues related to PDCP duplication in CA. 
2.1   Cell group configuration for bearer with PDCP duplication
In DC, two Cell Groups, i.e., MCG and SCG, will be configured for a UE in which case a radio bearer with PDCP duplication is always served by different CGs. So, in DC 2 duplicate LCHs will always mapping to different carriers. But in CA, the situation is different, mapping of the 2 duplicate logical channels (LCHs) to different carriers should be configured by RRC. Regarding how many carriers are served for a duplicate LCH of a radio bearer with UL PDCP duplication in CA, following alternatives can be considered:
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Alt. 1: Each duplicate LCH is configured with a cell [3].

Alt. 2: Each duplicate LCH is configured with a group of cells [4].

With Alt.1, it is hard to guarantee the QoS of the radio bearer with PDCP duplication if the radio bearer without PDCP duplication can also send data on the configured cell. Alternatively, it may waste some radio resource if the radio bearer without PDCP duplication cannot send data on the cells configured for radio bearer with PDCP duplication. To fulfil the QoS requirement of the radio bearer with PDCP duplication, Alt.1 has much restriction on eNB’s scheduling. With Alt.2, two groups of cells are configured for a radio bearer with PDCP duplication. So more cells can be served for the duplicate LCHs, eNB can schedule radio resource for duplicate LCHs more flexibly to fulfil the QoS requirement of the radio bearer with PDCP duplication. And it can avoid waste of resource if radio resource from the cells configured for radio bearers with PDCP duplication is also available for radio bearers without PDCP duplication based on logical channel prioritization procedure. In other words, MAC entity can multiplex MAC SDUs from a no duplicate LCH to MAC SDUs from a duplicate LCH.

Proposal 1: Each duplicate LCH is configured with a group of cells.

Proposal 2: MAC entity can multiplex MAC SDUs from a no duplicate LCH to MAC SDUs from a duplicate LCH.

PDCP duplication is often supported by radio bearer that requires high reliability and low latency. In order to guarantee the QoS requirement of such type of radio bearer, radio resource from all activated SCells should be used by such type of radio bearer based on the logical channel prioritization procedure. Considering that a SCell can be activated or deactivated dynamically, so all configured cells should be included in one of the configured cell groups for duplicate LCHs.

Proposal 3: All configured cells are served for one of the duplicate LCHs.
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Different radio bearers with PDCP duplication can be configured with the same cell groups or configured different cell groups as showed in fig.2:
Alt. 1: Common cell group configuration.

Alt. 2: Separate cell group configuration.

If different cell groups are configured for different radio bearer (Alt.2), in order to guarantee the PDCP duplication works normally eNB should be very careful when deactivate a SCell which will increase eNB complexity. In addition, it will increase the signalling overhead if different cell groups are configured for different radio bearer. Conversely, it can reduce signalling overhead and eNB complexity if all radio bearers with PDCP duplication configured with the same cell groups (Alt.1).

Proposal 4: The cell group configuration is common for all radio bearers with PDCP duplication.
2.2   Enable/disable PDCP duplication

For a service that requires low latency and high reliability, if we configure a bearer without PDCP duplication for a UE that with good uplink quality when the radio bearer is configured, considering that the uplink quality and available resource is changed from time to time, the bearer should be reconfigured to a bearer with duplication when the uplink quality become worse, which increase the signalling overhead. So, whether it is configured with duplication or not should depend on the QoS requirement and the PDCP duplication can be enabled/disabled by MAC CE, that is a radio bearer that require low latency and high reliability should be configured with PDCP duplication regardless of the uplink quality at the time of configuration, which can fulfil the QoS requirement when the uplink quality is not so good. 
Observation 1: Whether A radio bearer is configured with duplication or not should depend on the QoS requirement.

Considering the radio link quality is changed dynamically, it is a little hard for eNB to get the exact uplink quality at the time of configuring radio bearer for a UE. To fulfil the QoS requirement of the duplicate radio bearer, the initial state of PDCP duplication should be enabled and it can be disabled by MAC CE if network decided to do so, for example, based on the uplink quality and available resource in the network. 
Proposal 5: The initial state of PDCP duplication should be enabled.
In the last RAN2 meeting, it was agreed that MAC CE (say enable/disable MAC CE) can be used for control of UL duplication. According to proposal 4, it is better that all duplicate radio bearers of a UE are configured with the same serving cell groups, which can reduce the signalling overhead and scheduling complexity of the network. With such configuration, the same cell groups are shared by different radio bearers and these radio bearers will experience same uplink quality. 
Observation 2: The duplicate radio bearers that share the same cell groups will experience same uplink quality.
Considering that different duplicate radio bearers with different QoS, logical channel prioritization procedure can guarantee the QoS of duplicate radio bearers with different priority to some extent. But in some situation, for example, lack of available resource in the network, it should guarantee the QoS of the radio bearers with higher priority as much as possible. In such situation, Network can disable PDCP duplication of some radio bearers with lower priority. So enable/disable PDCP duplication should be per radio bearer rather than per UE.
Proposal 6: Enable/disable PDCP duplication should be per radio bearer. 
Following two alternatives can be used to indicate the radio bearer(s) whose PDCP duplication should be disabled:
Alternative 1: radio bearer identity is used to indicate the radio bearer whose PDCP duplication should be enabled/disabled [5]. With this alternative, the logical channel which is not used for a duplicate radio bearer when PDCP duplicate is disabled should be predefined or configured by RRC signalling.
Alternative 2: logical channel identity is used to indicate the radio bearer whose PDCP duplication should be enabled/disabled [6]. With this alternative, when an enable/disable MAC CE is received, the corresponding logical channel should be used or not used for a radio bearer.
A radio bearer is at least configured/predefined with a logical channel. According to the agreement, it should be configured/predefined with two logical channels for a duplicate radio bearer. So, the number of logical channels is equal to or larger than the number of radio bearers. Considering the signalling overhead, radio bearer identity should be used to indicate the radio bearer whose PDCP duplication should be enabled/disabled.
Observation 3: The number of logical channels is equal to or larger than the number of radio bearers.
Proposal 7: Radio bearer identity is used to indicate the radio bearer whose PDCP duplication should be enabled/disabled.
Proposal 8: The logical channel which is used for a duplicate radio bearer whose PDCP duplicate is disabled should be predefined or configured by RRC signalling.
2.3   Data transmission when PDCP duplication is disabled
In CA, the PDCP PDU will be transmitted on the configured cell groups if PDCP duplication is enabled. Considering that PDCP duplication is often applied to a radio bearer that requires low latency and high reliability and it is common sense that such radio bearer is always configured with high priority. 

Observation 4: A radio bearer with PDCP duplication is configured with high priority.
According to section 2.1, all cells will be included in one of the two cell group configured for a radio bearer with PDCP duplication. So, when PDCP duplication is enabled, the QoS requirement of the duplicate radio bearer can be fulfilled by logical channel prioritize procedure. Regarding which cells can be used to transmit the data from the logical channel that associated to a radio bearer with PDCP duplication when PDCP duplication is disabled, following two alternatives can be considered:

Alternative 1: data can only be transmitted on cells included in the associated Cell groups.

Alternative 2: data can be transmitted on any activated cells.
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If the PDCP PDU of a radio bearer with PDCP duplication can only be transmitted on one of the configured cell groups, then the QoS requirement of the duplicate radio bearer is heavily relied on eNB’s scheduling which will increase eNB complexity. So, it is better to allow the data to be transmitted on all activated cells when PDCP duplication is disabled.

Proposal 9: Data from the LCH of a duplicate RB should be transmitted on all serving cells if PDCP duplication is disabled.
3   Conclusion

Based on the discussion in this paper, we propose the following observations and proposals:
Observation 1: A radio bearer is established only when needed and whether it is configured with duplication or not should depend on the QoS requirement.
Observation 2: The duplicate radio bearers that share the same cell groups will experience same uplink quality.

Observation 3: The number of logical channels is equal to or larger than the number of radio bearers.
Observation 4: Radio bearer with PDCP duplication has high priority.

Proposal 1: Each duplicate LCH is configured with a group of cells.

Proposal 2: MAC entity can multiplex MAC SDUs from a no duplicate LCH to MAC SDUs from a duplicate LCH.

Proposal 3: All configured cells are served for one of the duplicate LCHs.
Proposal 4: The cell group configuration is common for all radio bearers with PDCP duplication.
Proposal 5: The initial state of PDCP duplication should be enabled.

Proposal 6: Enable/disable PDCP duplication should be per radio bearer.
Proposal 7: Radio bearer identity is used to indicate the radio bearer whose PDCP duplication should be enabled/disabled.
Proposal 8: The logical channel which is used for a duplicate radio bearer whose PDCP duplicate is disabled should be predefined or configured by RRC signalling.
Proposal 9: Data from the LCH of a duplicate RB should be transmitted on all serving cells if PDCP duplication is disabled.
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Alt. 1: Each duplicate LCH is configured with a cell





Alt. 2: Each duplicate LCH is configured with a group of cells
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Fig. 1 Cell group configuration





PDCP





RLC





RLC





MAC





Alt.1 Common cell group configuration
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Alt.2 Separate cell group configuration





PDCP





RLC





RLC





MAC





PDCP





RLC





RLC





MAC





CG1





CG4





CG3





CG2





DRB1





DRB1





DRB2





DRB2





Fig. 2 Cell group configuration
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Alt. 1: data can only be transmitted on the associated cells





Alt. 2: data can be transmitted on any activated cells
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Fig. 3 data transmission
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