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1
Introduction
In RAN #76 meeting, WID named HRLLC for LTE was agreed [1]. The WI is aimed to achieve the reliability requirements under latency constrains for URLLC services. It is carried out into two phased.

	Phase 1 (till RAN#79)

· Identify improved communication reliability and different latency constraints combinations for both wide and local area deployments [RAN1]

· Consider the ITU IMT-2020 and the 3GPP TR 38.913 requirements on URLLC and the ability to enable the network to operation with a range of reliability targets and latency constraints.

· Identify any potential new evaluations scenarios [RAN1]

Phase 2 (from Nov 2017)

· Identify solutions to improve communication reliability under different latency constraints for connected mode UEs having a valid timing advance setting, considering that differences in selected high level techniques between NR and LTE should be justified.

· Consider improvements to fulfil the targets in the following areas

· On the physical layer [RAN1, RAN2, RAN4]

· Control channels

· Data channels

· Scheduling procedure

· CSI measurements
· Efficient resource sharing with legacy or non-URLLC UEs

· On higher layers [RAN2]

· Data duplication. Solution will be based on PDCP duplication discussed in NR WI for LTE-NR Dual Connectivity.
· The mechanism should be applicable on top of LTE 1 ms TTI as well as shortened TTI

· Specify the most promising identified solutions for ultra reliable and low latency LTE communication for data channels and associated control channels and procedures, based on the outcome of Phase 1, targeting connected-mode UEs having a valid timing advance setting [RAN1, RAN2, RAN4]

· For the specified solutions introduce necessary UE and base station core requirements [RAN4]


One important RAN2 objective is to specify data duplication based on PDCP duplication discussed in NR WI for LTE-NR Dual Connectivity. In this paper we discuss packet duplication impacts on LTE.
2
Discussion
2.1
Structure for PDCP duplication in LTE HRLLC
Packet duplication is useful for the data with high reliability and low latency requirement. Packet duplication has been discussed a lot in NR and a lots of related agreements have been achieved. There are two approaches for the structure for PDCP duplication, i.e. CA duplication and DC duplication. The two structures are illustrated in Figure 2-1. In the DC structure, two legs with same data will be transmitted on two RLC entities respectively, one in MeNB and the other in SeNB. While in CA structure, two legs with same data will be transmitted on two RLC entities respectively on different carriers. The RRC layer configures PDCP for duplication and which logical channel is used for duplication per UE. And one MAC CE with 1 byte bitmap is used as duplication activation/deactivation per RB. For CA duplication the RB is used for duplication is non-split RB, while for DC duplication the RB is used for duplication split RB.
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Figure 2-1 a) Packet duplication in two RLC entities for CA case b) Packet duplication in two RLC entities for DC case
According to the WID, duplication solution will be based on the PDCP duplication in NR SI for LTE-NR dual connectivity. In NR the UM DRBs and SRBs (AM) have been agreed to support duplication for DC duplication. For CA duplication, it is FFS on SRBs supporting duplication.
However due to the non-ideal backhaul, the low latency of URLLC may not be guaranteed by DC structure, especially when the channel condition of leg on the MeNB is poor. For example, the data transmitted on the MeNB has been lost due to the poor radio channel, the data on the SeNB is delay by the X2 delay. Therefore DC duplication can be discussed firstly and whether CA duplication is supported should be checked in this WI. The discussion below is mainly for DC structure.
Proposal 1: Discuss DC duplication firstly in this WI and check whether CA duplication is included in the WI scope.
2.2
RRC

The LTE RRC needs to be enhanced to support configuration for PDCP duplication and which separate RLC entities and logical channels to handle duplication. The configuration principle should be aligned with NR, e.g. one carrier cannot have both of the duplicate LCHs mapped to it. 
Proposal 2: Enhance LTE RRC to support configuration for packet duplication.

In LTE DC, RRC signalling is only transmitted in MeNB, so MeNB should determine to use MCG duplication and configure MCG duplication by RRC signalling.

Proposal 3: MeNB determines to use MCG duplication and configure MCG duplication by RRC signalling.
In NR for EN-DC/NG-EN-DC/NR-NR DC, MCG split SRB/DRB and SCG split DRB were agreed to support DC duplication, for NE-DE, MCG split SRB/DRB was agreed to support DC duplication. Different from NR, SCG split DRB does not exist in LTE DC. And for the split SRB duplication, the benefit is to improve the chance of successful handover. However the typical packet size of URLLC is not so clear and whether there is need to enhance handover successful rate can be further discussed.
Proposal 4: DC duplication is supported for MCG split DRB, and further discuss whether DC duplication is supported for MCG split SRB.
2.3
PDCP
In LTE, the service for DRB provided by PDCP entity includes header compression, ciphering and routing. Header compression in PDCP not only reduces the loads of TCP/IP header, but also increases the reliability of the transmission on the Uu interface, therefore this function is useful for URLLC. Ciphering is a time-consuming function compared with other functions used for data processing. Whether this function is necessary depends on the requirement on the delay and the safety. As to the function of routing, the PDCP entity decides which leg shall be selected to transmit the PDCP PDUs in DC, and routes these PDUs to the RLC entity of the selected leg. For HRLLC data, the duplication transmission is beneficial for the delay and reliability. Consequently, a PDCP PDU shall be delivered to both the MeNB and the SeNB for transmission.
Proposal 5: A PDCP PDU shall be delivered to both MeNB and SeNB for transmission if the delay of X2 interface is less than the URLLC latency requirement.
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Figure 2-2: URLLC transmission in DC architectures in LTE
In current LTE, duplication detection in PDCP is only used for user plane. In NR, duplication detection is also supported for control plane PDCP PDU to increase the reliability. We think the same principle is applicable for LTE URLLC.
Proposal 6: Support duplication detection for control plane PDCP PDU.
2.4
RLC
In NR, it has been agreed that ARQ is not to be used for URLLC in RAN2 Adhoc meeting [2].
1
RLC retransmission (ARQ) is not assumed to be used for meeting the strict user plane latency requirements of URLLC.

In LTE, RLC PDU or PDU segments may be retransmitted when the RLC status report is received which indicates this RLC PDU or PDU segment has not arrived before the T-reordering expires. However, it appears that such retransmission mechanism is not suitable for URLLC data because of strict delay budget requirement like in NR. Therefore, it is proposed that:
Proposal 7: RLC retransmission (ARQ) is not used for URLLC.
2.5
MAC
The impacts on MAC introduced by PDCP duplication in DC structure are summarized as following.
	RAN2 Adhoc meeting:
· The LTE BSR and SR trigger mechanism can be used for the packet duplication transmission. No enhancements are needed.

· For activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication.  

· Which logical channel is used for duplication leg is based on RRC configuration for CA and DC.
RAN2 #99 meeting:
· For DC, when DRB duplication is deactivated via MAC CE, the UE falls back to the split bearer operation.  Once de-activated we rely on split bearer operation and configuration.  

· 1 byte bitmap could be used as duplication activation/deactivation MAC CE

· The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s)  


It appears that the DC mechanism in LTE and NR are almost the same. The duplicated data on different legs can be treated as new data. There are still some issues need to be further discussed e.g. how to calculate the buffer size of BSR. The simple way is to align NR’s agreement and further discuss the remaining issues.
Proposal 8: The BSR and SR mechanism in NR are reused for LTE URLLC and the remaining issues in BSR/SR should be further studied.
3
Conclusions
This contribution analyses URLLC process procedure, with the following proposals:

Proposal 1: Discuss DC duplication firstly in this WI and check whether CA duplication is included in the WI scope.

Proposal 2: Enhance LTE RRC to support configuration for packet duplication.

Proposal 3: MeNB determines to use MCG duplication and configure MCG duplication by RRC signalling.
Proposal 4: DC duplication is supported for MCG split DRB, and further discuss whether DC duplication is supported for MCG split SRB.

Proposal 5: A PDCP PDU shall be delivered to both MeNB and SeNB for transmission if the delay of X2 interface is less than the URLLC latency requirement.

Proposal 6: Support duplication detection for control plane PDCP PDU.
Proposal 7: RLC retransmission (ARQ) is not used for URLLC.
Proposal 8: The BSR and SR mechanism in NR are reused for LTE URLLC and the remaining issues in BSR/SR should be further studied.
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