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1 Introduction
RAN2 agreed that packet duplication shall be supported in NR Adhoc#1 meeting, and following agreements were achieved. 
Agreements:
1 Packet duplication is supported for user plane and control plane in NR-PDCP (This agreement does not preclude discussion of other mechanisms to improve mobility robustness)
FFS whether packet duplication should also be supported for LTE-NR dual connectivity
2 The PDCP function in the transmitter supports packet duplication and the PDCP function in the receiver supports duplicate packet removal.

Agreements
1	RLC retransmission (ARQ) is not assumed to be used for meeting the strict user plane latency requirements of URLLC.
2	RAN2 will study redundancy schemes operating below PDCP in CA scenarios for the purpose of meeting the reliability/latency requirements of URLLC. Study should consider the performance of the underlying Phy layer.
In RAN2#97 meeting, packet duplication below PDCP in CA scenarios was discussed. RAN2 agreed to use PDCP duplication also in CA cases with the following agreements.
Agreement:
-	For DL and UL, duplication solution for CA case uses PDCP duplication to more than 1 logical channel so that the duplicated PDCP PDUs are sent over different carriers.
FFS whether this is a single or two MAC entities
In this contribution, we discuss the MAC modelling for PDCP duplication in CA cases. 
2 Discussion
PDCP duplication is actually based on the DC architecture 3C with split bearer. PDCP duplication in CA has the characteristics of both DC and CA. It has the DC-like operation that one radio bearer is associated to two logical channels with two RLC entities. It also has the CA-like characteristic that only one single MAC with single scheduler at the network side controls UE behaviours. One reasonable question is how to model MAC to support PDCP duplication in CA. There are two options, just as illustrated in Figure 1, taking DL Layer2 structure as example:
1. Option 1- DC operation: Two MAC entities
2. Option 2- CA modelling: One single MAC entity



                             Figure 1.a Option 1- DC modelling                            Figure 1.b Option2-CA modelling                           
Figure 1 DL Layer2 Structure with PDCP Duplication in CA
2.1 Option 1- DC modelling
In option 1, two MAC entities are created with each carrier corresponding to one MAC entity. So the association between each logical channel and a carrier for duplicated packet transmission is pre-configured and doesn’t need to be handled by the MAC layer. 
In DL, it can be left to network implementation to schedule duplicated PDCP PDUs among different carriers. From UE side, no matter through which carrier the PDCP PDU is received, PDCP duplication detection and reordering is performed for each PDCP PDU delivered from lower layer. There is no much difference on de-multiplexing behaviour at UE side whether one or two MAC entities are used. In option 1, the multiplexing procedure at the UE side for UL transmission does not need to make the association between different logical channels and carriers. 
Observation 1: Option 1 of DC modelling has the benefits that UE multiplexing procedure does not need to associate different logical channels to different carriers. 
However, the benefit doesn’t come for free. The main concern is how to keep the implementation simple and the same performance as normal CA operation. 
In CA, cross carrier scheduling is supported. The main benefit of cross-carrier scheduling is to reduce the interference on PDCCH region, improving the PDCCH detection performance. Option 1 can’t support cross-carrier scheduling directly, which is designed to support two independent schedulers and two PDCCHs are supposed to be monitored simultaneously. So inter-MAC entities is required if cross-carrier scheduling is to be supported. 
Option 1 also requires UE to support two PUCCHs, which may also depend on UE capability. Considering there is only one scheduler in CA, PDCP duplication in CA doesn’t necessarily requires two PUCCHs. Besides, if only one PUCCH is supported, interaction between two MAC entities is required again, so HARQ feedback for different carriers can be multiplexed and transmitted through the PUCCH on PCell
In CA, if multiple carriers belong to the same TAG, UE acquires DL sync with PCell, using it as DL timing reference.  UE only needs to maintain UL time alignment for one TAG. Option 1 requires to support multiple TAGs with each TAG corresponding to one MAC entity. So UE needs to perform DL sync with two carriers and maintain UL time alignment independently with two TAGs.  If DL/UL synch behaviour needs to be simplified maintaining UL sync with PCell only, inter-MAC coordination is required, indicating the PCell only as DL timing reference for both MAC entities and shares the same TA command for both TAGs. 
In CA, UE performs PHR for one cell group, while in DC, UE needs to perform PHR for two cell groups. Furthermore, the PHR MAC CE format for CA and DC are different. If option 1 is used, although it can be workable, more complexity and signalling overhead are concerned. 
In CA, an activation/deactivation mechanism for SCells is supported (i.e. activation/deactivation does not apply to PCell). In DC, the serving cells of the SCG other than PSCell can be activated/ deactivated and PSCell in SCG is always activated like the PCell. In option1, CC activation/deactivation cannot be supported if each carrier is associated with one MAC entity. 
In CA, SCell addition/modification/release can be performed without MAC reset and RLC re-establishment. Currently, it’s not clear whether PDCP duplication is only supported without UE mobility. If UE mobility is considered, SCell addition/modification/release in option 1 may involve PSCell addition/modification and SCG reconfiguration procedure depending on the deployment. If SCG reconfiguration is performed to support SCG release/ change, the corresponding MAC entity is reset and RLC is re-established. 
Observation 2: Option 1 of DC modelling requires inter-MAC coordination to achieve the comparable performance as CA for cross-carrier scheduling, HARQ feedback with one PUCCH, DL/UL synchronization, PHR report, etc. 
Observation 3: Option 1 of DC modelling has less flexibility to support CC activation/deactivation and UE mobility. 
2.2 Option 2- CA modelling
In option 2, only one MAC entity is created. So current CA principle can be applied directly even PDCP duplication is supported.  Only one configuration for the MAC entity is needed. Option 2 can support cross-carrier scheduling and only requires one PUCCH, where the CQI and HARQ feedback for different carriers can be multiplexed in one UCI.  Option 2 only needs perform DL sync with one carrier, i.e. PCell. Furthermore, the PHR procedure and PHR MAC CE format for CA can be reused. In option 2, CC activation/deactivation can be supported, especially when multiple duplication on multiple carriers are considered. During UE mobility, SCell addition/modification/release can be performed without MAC reset and RLC re-establishment.
Observation 4: Option 2 of CA modelling can reuse the current CA operation for cross-carrier scheduling, HARQ feedback with one PUCCH, DL/UL synchronization, PHR report, CC activation/deactivation, SCell addition/modification/release etc. 
However, in option 2, the association between each logical channel for duplicated packet transmission and a corresponding carrier should be visible to MAC layer. Further enhancement on multiplexing is needed. When UE performs LCP, UE needs to associate the logical channels for duplicate transmission to the corresponding UL grants received from different carriers. The similar methodology to control each logical channel the UE maps to which numerology can be used. So when PDCP duplication is configured, each logical channel for duplicated packet transmission is associated to a corresponding carrier. 
Observation 5: Option 2 of CA modelling requires LCP to associate different logical channels to the UL grants from different carriers. Similar methodology for mapping different logical channel to different numerologies can be considered. 
Based on the observations above, we propose to use CA modelling, i.e. single MAC for PDCP duplication in CA. 
Proposal 1: Support single MAC for PDCP duplication in CA. 
Proposal 2: The logical channel for duplicated packet transmission is configured to be associated to a corresponding carrier. 
3 Conclusions
In this contribution, we the MAC modelling for PDCP duplication in CA cases. Our observations and proposals are summarized below.
Observation 1: Option 1 of DC modelling has the benefits that UE multiplexing procedure does not need to associate different logical channels to different carriers. 
Observation 2: Option 1 of DC modelling requires inter-MAC coordination to achieve the comparable performance as CA for cross-carrier scheduling, HARQ feedback with one PUCCH, DL/UL synchronization, PHR report, etc. 
Observation 3: Option 1 of DC modelling has less flexibility to support CC activation/deactivation and UE mobility. 
Observation 4: Option 2 of CA modelling can reuse the current CA operation for cross-carrier scheduling, HARQ feedback with one PUCCH, DL/UL synchronization, PHR report, CC activation/deactivation, SCell addition/modification/release etc. 
Observation 5: Option 2 of CA modelling requires LCP to associate different logical channels to the UL grants from different carriers. Similar methodology for mapping different logical channel to different numerologies can be considered. 
Proposal 1: Support single MAC for PDCP duplication in CA. 
Proposal 2: The logical channel for duplicated packet transmission is configured to be associated to a corresponding carrier. 
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