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1   Introduction
Last RAN2#Ad hoc meeting made the following agreements regarding UP aspects below PDCP to support URLLC like services in NR [1]. 
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.
For packet duplication at PDCP layer, the following was agreed. 
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.
In this contribution, we further discuss redundancy schemes below PDCP in CA scenarios after taken the PHY layer performance into account. . 
2   Discussion
The motivation of the redundancy schemes is to meet the reliability and latency requirements for URLLC like services which  require very low latency (0.5m for UL and DL) and high reliability transmissions (1-10-5 for 32 bytes with a user plane latency of 1ms) [2]. As given above, in multi-connectivity scenario last RAN2#Ad hoc meeting agreed to support packet duplication in PDCP. That is, the PDCP at the transmitter could support duplicated packet transmission over different links, while the PDCP at the receiver could perform duplication detection.
For CA scenario, where transmission points on different carrier frequencies are connected by ideal backhaul, PDCP duplication can still be applied, based on Dual-Connectivity/Multi-Connectivity framework. Joint scheduling over ideal backhaul would benefit PDCP duplication in Dual-Connectivity/Multi-Connectivity as well. Given that PDCP duplication is supported, it can be used as a baseline to evaluate the need of additional redundancy schemes.   
Observation 1: PDCP duplication based on Dual-Connectivity/Multi-Connectivity framework can also be applied to scenarios where transmission points on different carrier frequencies are connected by ideal backhaul.
Proposal 1: Given that PDCP duplication is supported, it can be used as a baseline to evaluate the need of additional redundancy schemes in layers below PDCP.  
Generally there are two alternatives to support the redundancy operation below PDCP: 
· Duplication at RLC layer: similarly to PDCP duplication, RLC entity at transmitter side makes duplicate transmissions of a PDU; and RLC entity at receiver side removes received duplications. 

· Redundancy operation at MAC layer: this can be further categorized into two options: MAC SDU duplication and autonomous HARQ redundant transmission. 
2.1
Duplication operation at RLC layer

It has been agreed that aggregation is not performed at RLC layer in NR. Hence, a RLC PDU is essentially corresponding to a PDCP PDU. That is, a duplicated RLC PDU consists of a duplicated PDCP PDU. Then, duplicate transmission of RLC PDUs is functionally equivalent to duplicate transmission of PDCP PDUs. Furthermore, under CA scenarios (i.e., ideal backhaul scenarios), PDCP entity and RLC entity share the same topology of transmission points and backhaul structure. Therefore, it is not expected that duplication operation at RLC would bring about additional benefit over PDCP duplication.   
Observation 2: The duplication at RLC layer could not provide additional gain compared with the duplication at PDCP layer.
Proposal 2: Duplication at RLC layer should not be considered further for R15 specifications.
2.2 Autonomous redundancy operation at MAC layer
Figures 1 and 2 illustrate alternatives for autonomous redundancy operation at MAC layer: 
· Alternative 1: MAC SDU duplication, with one HARQ entity per component carrier, 
· Alternative 2: Autonomous transmission of multiple redundancy versions of a MAC TB, with one HARQ entity for all aggregated component carriers.
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Fig. 1 UL MAC structure of Alternative 1: MAC SDU duplication 
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Fig. 2: UL MAC structure of Alternative 2: one HARQ entity over aggregated carriers 
With MAC SDU duplication, alternative 1 works similarly to LTE, in which a MAC TB is transmitted by an individual HARQ process of an individual HARQ Entity at a carrier. And duplicated MAC SDUs can be included in the respective TBs generated for different carriers. The duplication is at MAC SDU level, which corresponds to a RLC PDU, and in turn to a PDCP PDU. Yet, MAC SDU doesn’t have a sequence number in NR. Hence, duplicated copies of MAC SDU can’t be removed at the receiver side.
Observation 3: Duplication of MAC SDU couldn’t provide additional gain compared with the duplication at PDCP layer, and duplicated copies of MAC SDU can’t be removed at the receiver side unless a new SN is added to MAC SDU.
Proposal 3: Duplication of MAC SDU should not be considered further for R15 specifications.
Alternative 2 allows a HARQ process to transmit different RVs of a MAC TB over all involved component carrier, as shown in Figure 3. At the receiver, soft combination can be naturally executed. Hence, there is no need for any new MAC layer sequence number to handle the redundant transmission. As aggregation is performed at MAC, a MAC TB can consist of multiple MAC SDUs/RLC PDUs/PDCP PDUs. Therefore, one redundant transmission can benefit more PDCP PDUs than a PDCP duplicated transmission can. 
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Fig. 3: A HARQ process to transmit different RVs of a MAC TB over multiple component carriers
Observation 4: Compared to PDCP duplication, simultaneous transmissions of different redundancy versions of a MAC TB over multiple carrier frequencies may have additional gain due to soft-combining, and benefit multiple PDCP PDUs in one transmission. 
Proposal 4: Different redundancy versions of a MAC TB could be transmitted over multiple aggregated carriers. 
2.3
Further consideration
As URLLC services could be mapped to certain DRBs or logical channels under the network configuration, it makes sense that the packet redundancy schemes could be configured to those DRBs/logical channels carrying URLLC like services. 
Proposal 5: The redundancy schemes could be applied to those DRBs/logical channels carrying URLLC like services.  
Clearly the performance improvement in terms of reliability and latency is at cost of spectrum efficiency. Hence the tradeoffs between the performance improvements and spectrum efficiency should be well examined. Observing that there are multiple ways in parallel to ensure the performances towards URLLC service, e.g., duplication in PDCP in multi-connectivity, redundancy transmission below PDCP in MAC, robust PHY techniques etc, the network could determine whether the redundancy schemes below PDCP layer are needed or not. Whether semi-static or dynamic configuration is allowed could be determined in normative phase. 
Proposal 6: The gNB could configure whether the data redundancy below PDCP layer is needed or not, considering radio conditions and functionalities provisioned in other layers.  
Further at last RAN2#Ad hoc meeting, the following numerology related issue is agreed [1]. Hence when the single logical channel is allowed to be mapped to multiple numerology/TTI duration, it makes sense to allow that duplication could be transmitted over multiple numerologies either in a single carrier or multiple carriers. 
1 a single logical channel can be mapped to one or more numerology/TTI duration. 
4: Logical channel to numerology/TTI length mapping can be reconfigured via RRC reconfiguration
Proposal 7: Redundancy schemes could be supported for URLLC services over multiple numerologies either in single carrier or across multiple carriers. 
3   Conclusion
By analysing the detailed redundancy schemes in RLC and MAC layers, respectively, we made the following observations and proposals:
Observation 1: PDCP duplication based on Dual-Connectivity/Multi-Connectivity framework can also be applied to scenarios where transmission points on different carrier frequencies are connected by ideal backhaul.
Proposal 1: Given that PDCP duplication is supported, it can be used as a baseline to evaluate the need of additional redundancy schemes in layers below PDCP.  
Observation 2: The duplication at RLC layer could not provide additional gain compared with the duplication at PDCP layer. 
Proposal 2: Duplication at RLC layer should not be considered further for R15 specifications.
Observation 3: Duplication of MAC SDU couldn’t provide additional gain compared with the duplication at PDCP layer, and duplicated copies of MAC SDU can’t be removed at the receiver side unless a new SN is added to MAC SDU. 
Proposal 3: Duplication of MAC SDU should not be considered further for R15 specifications.

Observation 4: Compared to PDCP duplication, simultaneous transmissions of different redundancy versions of a MAC TB over multiple carrier frequencies may have additional gain due to soft-combining, and benefit multiple PDCP PDUs in one transmission.
Proposal 4: Different redundancy versions of a MAC TB could be transmitted over multiple aggregated carriers.
Proposal 5: The redundancy schemes could be applied to those DRBs/logical channels carrying URLLC like services.  
Proposal 6: The gNB could configure whether the data redundancy below PDCP layer is needed or not, considering radio conditions and functionalities provisioned in other layers.  
Proposal 7: Redundancy schemes could be supported for URLLC services over multiple numerologies either in single carrier or across multiple carriers. 
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