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1
Introduction
In last RAN2 #99bis meeting, the following agreements on the packet duplication were reached. 
Agreements:

1
PDCP data duplication for LTE shall assume NR PDCP data duplication as baseline.
2
RAN2 works on PDCP data duplication for both CA and DC.
3a
At least UM bearers are supported for PDCP duplication via CA.
4
PDCP enables reordering and duplication detection when PDCP duplication is configured.
6
MAC CE is used for activation and deactivation of PDCP duplication for each RB configured with duplication.
7
For CA case, LCP applies configured LCH to carriers/cells restriction for LCHs of a duplication RB and the restriction is lifted when duplication is deactivated as agreed in NR.

8
PDCP duplication is configured by RRC. The configuration also indicates whether the duplication is immediately started, which is the same as NR.

9
LCH to carriers/cells restriction is configured for CA duplication.

According to the work plan of this WID of HRLLC for LTE was agreed [1], RAN2 need discuss and identify detailed candidate L2 and L3 solutions to improve communication reliability under different latency constraints for connected mode UEs in this meeting. Hence, in this document, we discuss the L2 impact for the HRLLC.
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 lot 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 for CA







 case b) Packet duplication 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.
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 1: 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 2: 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 3: RLC retransmission (ARQ) is not used for URLLC which requires strict delay.
For other URLLC service, which delay requirement is not very strict, the ARQ function can still be applied. And in the NR, it reached the agreement as follows: 

· For the duplicate bearer using DC, RLC failure is detected upon the reach of maximum ARQ retransmission and RLF is triggered, i.e. SCG RLC failure triggers SCG RLF, and MCG RLC failure triggers MCG RLF. 

Proposal 4: The RLC failure mechanism for packet duplication in NR can be reused for LTE 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)  


Activation/deactivation of duplication
· According to the agreements, the LTE MAC needs to be enhanced to support the activation/deactivation of PDCP duplication for each RB configured with duplication. To realize the function, the LTE MAC needs to be enhanced from the following aspects:For activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication. The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s).

· The duplicate deactivation MAC CE can be used to fall back a UE to non-duplicated bearer operation

Proposal 5: The activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication. The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s).
Proposal 6: The duplicate deactivation MAC CE can be used to fall back a UE to non-duplicated bearer operation.
BSR/SR triggering
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 7: The BSR and SR mechanism in NR are reused for LTE URLLC and the remaining issues in BSR/SR should be further studied.
Logical channel handling

Based on the structure of PDCP duplication discussed in section 2.1, the logical channel handling can take the NR’s conclusion as baseline. This means the LTE MAC needs to be enhanced from the following aspects:
· Duplicated PDCP PDUs are submitted to two different RLC entities for two different LCH, and the LCH cannot be mapped on the same carrier.

· LCP takes into account all the restrictions configured for the logical channels (which include the PDCP data duplication restrictions).

Proposal 8: the logical channel handling can take the NR’s conclusion as baseline:

· Duplicated PDCP PDUs are submitted to two different RLC entities for two different LCH, and the LCH cannot be mapped on the same carrier.

· LCP takes into account all the restrictions configured for the logical channels (which include the PDCP data duplication restrictions). 
3
Conclusions
This contribution analyses URLLC process procedure, with the following proposals:

Proposal 1: 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 2: Support duplication detection for control plane PDCP PDU.
Proposal 3: RLC retransmission (ARQ) is not used for URLLC.
Proposal 4: The RLC failure mechanism for packet duplication in NR can be reused for LTE URLLC.
Proposal 5: The activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication. The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s).
Proposal 6: The duplicate deactivation MAC CE can be used to fall back a UE to non-duplicated bearer operation.
Proposal 7: The BSR and SR mechanism in NR are reused for LTE URLLC and the remaining issues in BSR/SR should be further studied.
Proposal 8: the logical channel handling can take the NR’s conclusion as baseline:

· Duplicated PDCP PDUs are submitted to two different RLC entities for two different LCH, and the LCH cannot be mapped on the same carrier.

· LCP takes into account all the restrictions configured for the logical channels (which include the PDCP data duplication restrictions). 
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