


3GPP TSG-RAN WG2 #105	R2-1901097
Athens, Greece, 25th February – 1st March 2019

Agenda Item:	11.7.4
Source:	MediaTek Inc.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Title:	Duplication and multi-link operation
Document for:	Discussion and decision
1 Introduction
An objective of the study into Industrial IoT systems [1] is to look at ways to improve the reliability of system through data duplication enhancements as below.
PDCP duplication with more than 2 copies leveraging (combination of) DC and CA, whereupon data transmission takes places from at most two nodes: assessment of the gains, and if beneficial, study the associated solutions.
In this paper we take a closer look at PDCP duplication and the architecture needed to support the transmission of multiple copies of a packet. 
2 Discussion
Traditional methods of improving data reliability such as RLC AM operation were deemed unfit for purpose as their associated latency far exceeded the latency requirements of URLLC transmissions. PDCP duplication has been instead introduced in NR, to improve the reliability of URLLC data transmissions. Duplication is currently limited to the transmission of two copies of a PDCP SDU over different links. RRC configures two RLC entities that can be associated with a DRB. The RLC entities can be in different cell groups (DC) or within the same cell group (CA) in which case LCH restrictions are in place to ensure that duplicate data from the two RLC entities are transmitted on different carriers.
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[bookmark: _Ref275230]Figure 1: Duplication based on location of UE within the cell
The links over which duplication take place are fairly inflexible in Rel-15, with a statically defined RRC configuration limited to configuring DC and CA duplication as mutually exclusive options. However the NW can benefit from the ability to dynamically change the set of carriers over which duplicate information is to be sent. As an example, when a UE is at the edge of an FR2 cell as shown in Figure 1, the NW might enable DC duplication with an FR1 cell to improve reliability. On the other hand, to reduce the traffic load of the FR1 cell, the NW might choose CA duplication within the FR2 cell group when near the cell centre. 
Observation 1: It is beneficial to be able to switch between DC and CA duplication within a UE, to cater for varying channel and traffic conditions.
The DRB is an entity that is common across all cell groups in the UE. RLC entities, along with their corresponding logical channels, are cell-group specific and can be made carrier specific with the use of LCH restrictions. Duplication is modelled in Rel-15 with the mapping of two RLC entities to a DRB. To extend the Rel-15 model to enable the switch between CA and DC duplication, multiple RLC entities could be mapped to a DRB. An example is illustrated in Figure 2, where four RLC entities are mapped to a DRB. When DC duplication is needed, duplication is activated on RLC entities 1 and 3 such that duplicate information is transmitted to RLC entities in both cell groups as depicted on the left. When only CA duplication within cell group 2 is needed, duplication is activated on RLC entities 3 and 4 as shown on the right.
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[bookmark: _Ref277389]Figure 2: Switching between DC and CA duplication
Proposal 1: More than two RLC entities from the same cell group as well as across cell groups can be associated with the same DRB.
On the reception of an UL grant, the bulk of layer 2 processing lies in the handling of logical channels. The number of logical channels that a UE is required to support, affects the time taken to process a grant, and therefore impacts the latency associated with handling the grant. As the number of logical channels processed by a UE is the same as the number of RLC entities supported by the UE, the number of RLC entities should not increase as a result of proposal 1. The same approach as Rel-15 can be taken, i.e. a maximum limit on the number of RLC entities (32) as well as number of DRBs (29) is defined. If duplication is used, the maximum number of DRBs that can be supported goes down.
Proposal 2: The maximum number of RLC entities supported per MAC entity is not changed from Rel-15.
Industrial deployments can have widely varying requirements as can be seen in the SA1 study [2]. With a framework as proposed above, the NW has the freedom to determine the level of duplication to use, based on its deployment requirements and constraints. As pointed out in [3] and [4], there are benefits associated with dynamically changing the links on which duplication is performed, as well as the total number of links used for duplication. 3GPP ought to provide a framework that would can allow for these deployment options. 
Proposal 3: The RLC entities used for duplication can be dynamically changed, along with the total number of RLC entities that are used for duplication.
3 Conclusion
In this contribution we make the following observation:
Observation 1: It is beneficial to be able to switch between DC and CA duplication within a UE, to cater for varying channel and traffic conditions.
Based on the observation above, we propose:
Proposal 1: More than two RLC entities from the same cell group as well as across cell groups can be associated with the same DRB.
[bookmark: _GoBack]Proposal 2: The maximum number of RLC entities supported per MAC entity is not changed from Rel-15.
Proposal 3: The RLC entities used for duplication can be dynamically changed, along with the total number of RLC entities that are used for duplication.
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