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Introduction
Last RAN2#96 meeting made the following agreements regarding URLLC in NR [1]. 
Agreements
1	NR design will aim to meet the URLLC QoS requirements only after the control plane signalling for session setup has complete5e the URLLC service requirements, and whether any optimisations are required for this.
3: 	Multi-connectivity (e.g. with packet duplication, link selection) should be studied for achieving the reliability requirements for URLLC. 

Agreements from RAN1:
· NR should provide support for carrier aggregation, including different carriers having same or different numerologies.
The URLLC services require very low latency (e.g., 0.5m – 1ms) and high reliability transmissions (e.g., successful packet transmission probability of 99.999%) [3], and to achieve these requirements, the packet duplication, link selection via Multi-connectivity schemes can be applied to reduce the transmission latency , while taking into account special considerations on the reliability design. In this contribution, we present our views on MAC optimization for packet duplication and link selection to support URLLC. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
0. [bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Packet Duplication Schemes
Currently, there are four candidate Data Duplication schemes as following:
· Option 1: DC-like data duplication ( duplication done at PDCP/RLC)
· Option 2: CA-like data duplication ( duplication done at MAC)
· Option 3: TTI-bundling data duplication 
· Option 4: Multi-beam data duplication
All above options share the properties of improving the reliability performance by autonomous data packet transmission repetition. Then the question is whether the above schemes can satisfy the stringent latency requirement.
Both option 1 and option 2 enable a UE to receive/transmit a same data packet from different cells/nodes. The different is which layer the data duplication occurs: 
For CA operation, packet data units are duplicated over MAC layer; 
For DC operation, packet data units are duplicated over RLC layer or PDCP layer;
And considering the ultra-low latency requirement of URLLC, the DC operation only applies to the ideal backhaul use case with centralized scheduling on different nodes. So far, there is no obvious issue detected to hinder the two schemes from satisfying the ultra-low latency and ultra-high reliability of URLLC service.
Option 3 initially aims to successful transmission of packet when UEs at the cell border suffer often from uplink power limitations. It improves the success possibility of data transmission by accumulate enough energy via bundling several TTIs together. It is kind of sacrificing the time resource to extend cell coverage. Hence, it obviously brings corresponding negative delay impact. Although it can ensure the reliability performance, it is difficult to meet the stringent latency requirement of URLLC, especially for medium to large packet size (e.g. 50 bytes, 200 bytes, etc.). Therefore, time diversity and HARQ re-transmissions may not be desirable.
Option 4 is still under RAN1 discussion, which specific operation mechanism is not clear now. It can be revisited when the related conclusion is achieved.
From above analysis, option1 and 2 (data duplication based on either DC or CA operations) are potential to meet the URLLC requirement.
Observation 2: option 1 and 2 (data duplication based on either DC or CA operations) are potential to meet the URLLC requirement.
Therefore, data duplication scheme based on CA operation will be discussed in the following section. And data duplication scheme based on DC operation is elaborated in [2][3].With carrier aggregation, the single data stream needs at some point to be duplicated at MAC layer, after the scheduling handling and multiplexing, and delivered via multiple component carriers. And three alternatives for the logical channels mapping to HARQ entities/ HARQ processes of component carriers will be elaborated in the following section.
0. MAC Structure/ HARQ Model for Data Duplication in CA mode
MAC Structure/ HARQ Model for Data Duplication in CA mode
· Alternative 1: One HARQ entity  per component carrier
· Alternative 2: One HARQ entity for the entire/multiple aggregated component carriers
· 2-1: One HARQ process per component carrier
· 2-2: One HARQ process for the entire/multiple aggregated component carriers, with different redundancy version


Figure 2: MAC structure of Alternative 1 for UL



Figure 3: MAC structure of Alternative 2-1 and 2-2 for UL
Alternative 1 is straight-forward structure and is also well matched to per-component-carrier processing as in LTE. The duplicated data transmits by individual HARQ process of individual HARQ Entity. For example, one URLLC TB could be generated after the scheduling handling and multiplexing, and delivered n TB copies to n HARQ entities of n CCs. These HARQ entities of n CCs will transmit the input TB via their HARQ process separately. Due to the transmission /reception over different HARQ entities/HARQ processes, the soft combination cannot be executed.

Alternative 2-1 shares several properties with alternative ‎1. The difference is the duplicated data transmits by individual HARQ process of a common HARQ Entity. In this alternative, packet duplication across multiple redundant links managed by a common HARQ entity is used to target the URLLC requirement, with optimum resource usage, e.g. pre-emption eMBB resource for URLLC. For example, one URLLC TB could be generated after the scheduling handling and multiplexing, and delivered 4 TB copies to 4 HARQ processes belong to one HARQ entity of 4 CCs. The shared HARQ entity of 4 CCs will transmit the input TB via their HARQ processes of 4 CCs separately. Due to the transmission /reception over different HARQ processes of a shared HARQ entity, the soft combination can be executed with optimization, e.g. correct RV NO. Configuration, allowing the soft HARQ combination over different HARQ processes.



Fig Alternative 2-1
Alternative 2-2 provides more compact data process by sharing a common HARQ process for all involved component carrier transmitting same data packet. For example, one URLLC TB could be generated after the scheduling handling and multiplexing, and delivered 4 TB copies to one shared HARQ process belong to one HARQ entity of 4 CCs. The shared HARQ entity of 4 CCs will transmit the input TB via one shared HARQ process of 4 CCs with different RV number separately. Due to the transmission /reception over one shared HARQ process, the soft combination can be naturally executed. And in the alternative 2-2, several component carries jointly transmits a same data packet in a HARQ process so that only one L1/L2 grant is needed to schedule the transmission and only one HARQ feedback signal is sent from the receiver side. In this alternative, the channel coding and diversity gain could be increased due to the different channel/interference conditions of different component carriers. Moreover, this achieves efficient HARQ operation due to a single HARQ is performed across the involved component carriers. Hence, it can reduce the HARQ handling latency compared to above two approaches. And the method is similar as TTI bundling in LTE, just a kind of bundling in frequency domain.
Observation 3: Alternative 2-2  enables efficient HARQ operation due to a single HARQ is performed across the involved component carriers. Hence, it can reduce the HARQ handling latency and naturally support HARQ soft combination across component carriers compared to above two approaches. And the method is similar as TTI bundling in LTE, just a kind of bundling in frequency domain.
Observation4：RAN1 need to be involved for the study of the MAC structure which allows one HARQ process configured across multiple aggregated component carriers. 


Fig Alternative 2-2
The two schemes are compared in Table 1. 
Table 1. MAC Structure Alternatives
	Aspect
	Alternative 1
	Alternative 2-1
	Alternative 2-2

	Number of HARQ aspect
	The same number of HARQ entities and HARQ processes as LTE
	Smaller number of HARQ entities than that of LTE and same number of HARQ processes as LTE
	Smaller number of HARQ entities and processes than that of LTE 

	Frequency diversity and coding gain
	Same as LTE
	Same as LTE
	Higher frequency diversity and coding gain


	Link adaptation performance
	Same: separate MCS across multiple component carriers
	Same: separate MCS across multiple component carriers
	Same: separate MCS across multiple component carriers

	HARQ performance
	Due to the transmission /reception over different HARQ entities/HARQ processes, the soft combination cannot be executed.
	Due to the transmission /reception over different HARQ processes of a shared HARQ entity, the soft combination can be executed with optimization, e.g. correct RV NO. Configuration, allowing the soft HARQ combination over different HARQ processes.
	Due to the transmission /reception over one shared HARQ process, the soft combination can be naturally executed.

	Latency
	Same as LTE
	Same as LTE
	Smaller than that of LTE via one HARQ processing

	Reliability
	Increased via duplication
	Increased via duplication
	Increased via duplication



Proposal 2: It is proposed that the MAC structure allows one HARQ process configured across multiple aggregated component carriers, if it is desirable, with different redundancy version during data duplication operation for URLLC services.

Conclusion
By analysing the detailed delivery procedures of other SI, we made the following proposals in NR:
Observation 1: There are two advantages for packet duplication scheme, compared to link selection scheme:
a) Redundancy links to overcome sudden radio link deterioration;
b) [bookmark: OLE_LINK17]Autonomous HARQ/ARQ retransmission to overcome the latency issue of existing HARQ/ARQ retransmission.
Proposal 1: Adopting packet duplication scheme, instead of link selection, is a feasible way to guarantee the stringent requirement of URLLC service. 
Observation 2: option 1 and 2 (data duplication based on either DC or CA operations) are potential to meet the URLLC requirement.
Observation 3: Alternative 2-2  enables efficient HARQ operation due to a single HARQ is performed across the involved component carriers. Hence, it can reduce the HARQ handling latency and naturally support HARQ soft combination across component carriers compared to above two approaches. And the method is similar as TTI bundling in LTE, just a kind of bundling in frequency domain.
Observation4：RAN1 need to be involved for the study of the MAC structure which allows one HARQ process configured across multiple aggregated component carriers. 
Proposal 2: It is proposed that the MAC structure allows one HARQ process configured across multiple aggregated component carriers, if it is desirable, with different redundancy version during data duplication operation for URLLC services. However, RAN1 is required to be involved in the study.
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