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1	Introduction
To increase reliability as well as potentially decrease latency, packet duplication at PDCP was agreed [38.804]. This contribution focuses on the impacts to the MAC sublayer. It is an update of R2-1702639.
2	MAC Impacts
The occurrence of duplicates will be visible to MAC in the form of additional data to be sent. We do not foresee the need for any special behaviour since the data will have to obtain resources for transmission. This means that duplicates will naturally be reflected in BSR and trigger SR depending on LCG configuration.
Proposal 1: MAC can process duplicates as regular data.
As discussed in R2-1702632, duplicates should always be transmitted on different transport blocks to guarantee that they are not lost together and that we can gain from duplication. A simple solution to guarantee such a behaviour would be to rely on the CA framework and introduce logical channel mapping restrictions in LCP so that the two logical channels setup for the two legs (original PDUs and duplicated PDUs) are sent on different carriers always. One major drawback of such an approach is that it is not flexible enough to avoid wasting resources. For instance, if the logical channel carrying original PDUs has no data buffered, the corresponding carrier cannot be used to transmit duplicates. To avoid this, it would be necessary for the mapping restrictions not to be too strict: the duplicate do not have to be bound to one carrier. The only thing that matters is that different transport blocks are used when both legs are active in the same TTI. For instance, considering two carriers C1 and C2 and two logical channels L1 and L2 for the two legs, the following should be possible:
-	L1 on C1 and L2 on C2;
-	L2 on C1 and L1 on C2;
-	L1 on C1 only;
-	L1 on C2 only;
-	L2 on C1 only;
-	L2 on C2 only;
Proposal 2: logical channel mapping restrictions only need to ensure that different transport blocks are used when the two legs are active in the same TTI, fixed mapping rules of logical channels to carriers are not needed.
The need to have something dynamic to control activation was discussed in several contributions:
-	R2-1701186	Packet Duplication at PDCP from InterDigital Communications
Depending on service QoS requirements and latency of backhaul links between the MeNB and the SeNB, packet duplication may be configured for a split radio bearer, which can include a SRB.
Proposal 1:	PDCP packet duplication is configured by RRC signaling per split radio bearer.
Assuming PDCP packet duplication can be configured per UE using higher layer signaling, duplication for a configured UE can be further controlled by the network through certain criteria. Whether or not duplication is useful during the lifetime of the bearer may be a further function of UE mobility, cell resource availability, backhaul loads and latency, and whether duplication is wasteful or not. For example, packet duplication may not be desirable in situation where the X2 link between the gNBs involved in multi-connectivity experiences transient high load and/or high latency, or in scenarios of high cell load (control and/or data) for one of the cell groups applicable to the split bearer. Therefore, the network should have additional means to control the use of PDCP duplication in the UE.
Proposal 2:	When PDCP packet duplication is configured, it may be activated and deactivated dynamically through downlink control signaling.
-	R2-1700834	Further aspects of data duplication in PDCP layer from Ericsson
[bookmark: _Ref473404715]Triggers for PDCP packet duplication (de)activation
As analysed in [2], although packet duplication is efficient to provide diversity gain, the obvious drawback is the low resource efficiency, and thus it would be optimal to combine packet duplication and link selection. In order to implement it, the key component is the trigger design, which decides when / how the duplication or selection should be (de)activated and switch between each other. In general, there could be various types of trigger that can be used, which can be divided into two categories, i.e., channel status and A/N feedback.
Channel status: it can be the measured at layer-1 like CSI report or layer-3 like RRM / RLM measurement results. The advantage of using channel status report as trigger is that it can be decoupled from data transmission, and thus can proactively trigger (de)activation of duplication or selection;
A/N feedback: it can be obtained at HARQ or ARQ. One drawback compared to a), is an additional latency of the previously failed data transmission(s). But this trigger type is useful as a complementary part of a), considering channel status only is not enough to act as the trigger to balance reliability and resource efficiency.
For DL, it is more for network implementation to decide on which trigger type(s) to use. Besides, in order to avoid the additional latency due to trigger forwarding via backhaul link, it is beneficial to ensure the used trigger is sent to MeNB instead of SeNB.
For UL, it can be 
Either also the network implementation to decide on which trigger type(s) to use, and then use explicit DL signaling to indicate UE of the PDCP duplication (de)activation decision;
Or rely on UE to decide on PDCP duplication (de)activation, for which a network configured rule can be used to ensure satisfying performance. And to define the rule, there is a need to regulate the applied trigger type(s).
RAN2 to investigate triggering schemes to activate/deactivate packet duplication and/or link selection.
-	R2-1701462	Packet duplication in PDCP from LG Electronics Inc.
Even if a radio bearer is configured to support packet duplication, the PDCP transmitter does not have to perform packet duplication for all PDCP PDUs. As the packet duplication is useful only at special conditions e.g. bad radio conditions, important packet transmission, etc., it is desirable to perform packet duplication only when it is really needed. The UE may decide to enable/disable packet duplication function by its own, or the gNB may command the UE to turn on/off the duplication function.
Proposal3: For a radio bearer supporting packet duplicate function, enabling/disabling packet duplication function should be dynamically controlled.
For the dynamic control of duplication, it is therefore proposed to rely on a MAC Control Element. In the downlink, the MAC control element would contain a bitmap with one bit per configured radio bearer commanding the UE to either turn duplication on (bit set to 1) or off (bit set to 0).  While in the uplink, the MAC control element would contain a bitmap with one bit per configured radio bearer telling the gNB whether duplication should be turned on (bit set to 1) or off (bit set to 0). The setting of this bit would depend on some predefined criteria signalled to the UE, for instance HARQ performance going below a configured threshold will set the bit to 1 (e.g. in number of consecutive NACKs or number of consecutive NACKed transport blocks); or gaps in the received SN sequence of PDCP or RLC PDUs.
Proposal 3: duplication is controlled by a MAC Control Element.
3	Conclusion
This contribution has analysed the impacts duplication operation has on the MAC sublayer and the following was proposed:
Proposal 1: MAC can process duplicates as regular data.
Proposal 2: in CA, logical channel mapping restrictions only need to ensure that different transport blocks are used when the two legs are active in the same TTI, fixed mapping rules of logical channels to carriers are not needed.
Proposal 3: duplication is controlled by a MAC Control Element.



