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1   Introduction
Last RAN3#101bis meeting initially discussed the PDCP duplication with more than 2 copies with the following notes 
-
the assessment of gain for the PDCP duplication with more than 2 copies in RAN3 should be pending on the further evaluation in RAN1 and RAN2.
After the introduction of the RAN1/RAN2 progress, the contribution presents RAN3 work.
2   Discussion

2.1   Other working group progress
· RAN1 progress on R16 eURLLC

In [4], RAN1 already evaluated NR towards the reliability 10-6~10-8 and latency 0.5ms for use case I.

	The 0.5 ms latency target analysis lead to the following RAN1 conclusions:

· For 15 kHz SCS, the 0.5ms one-way latency target cannot be achieved with Rel-15 NR.
· For FDD, the 0.5ms one-way latency target can be achieved for both DL and UL for 30kHz (and higher) SCS with Rel-15 NR for single shot transmission.

· For TDD:

· For 30kHz SCS, some analysis shows the 0.5ms one-way latency target can be achieved with the respectively assumed UL/DL configuration, whereas other analysis indicates that it cannot be achieved with Rel-15 NR for the respectively assumed UL/DL configuration. 

· For 60kHz (and higher) SCS, the 0.5ms one-way latency target can be achieved with the respectively assumed UL/DL configuration for both DL and UL with Rel-15 NR for single-shot transmission. 

On reliability analysis using single UE link level evaluations, RAN1 makes the following conclusions: 

· For the cases where the one-way latency target can be achieved, it was observed that the reliability target of 1e-4 to 1e-6 can be achieved with Rel-15 NR for the 5%-ile SINR geometry (e.g. cell-edge UE) in use case I based on the agreed methodology and assumptions from RAN1#95 (without PDCP duplication). It is RAN1 conclusion that PDCP duplication is not always available/applicable


According to the RAN1 progress, the reliability 1e-4 to 1e-6 and latency 0.5ms requirement for case I can be achieved by some numerology configuration. 

· RAN2 progress on R16 IIOT

RAN2 Email discussion for [104#40][NR/IIOT] PDCP Duplication Enhancement was initiated after RAN2#104 meeting. Below is the draft outcome of this discussion as summarized in [5].

	Proposal 1
PDCP duplication support a configuration delivering up to 4 copies.

Proposal 2
Up to 4 RLC entities/legs are possible to configure for PDCP duplication 

Proposal 3
RRC configures a set of RLC entities/legs that can be used for duplication. 

Proposal 4
The NW can dynamically control how a set or subset of configured RLC entities are used by the UE for PDCP duplication. 

Proposal 5
The architectural combinations supported for PDCP duplication enhancements are CA, DC(NR only) and DC+CA(NR Only) 

Observation 1
Selective duplication needs additional work in a WI phase to explore gains and more details on solution options.


2.2   RAN3 work analysis
Based on the above analysis, the PDCP duplication can support up to 4 copies by up to 4 RLC entities. With the 99,999999% requirement for IIoT services, a set of RLC legs (e.g. 2 legs) can be selected wherein each leg needs to guarantee at least a BLER of 10-4 on average. 
Observation 1: To meet the availability requirement of 99,999999% required for IIoT services,  by using PDCP duplication with two legs, each leg needs to guarantee at least a BLER of 10-4 on average.
If more than 2 RLC channels are configured, UE and gNB could select RLC channels corresponding to the cells or cell groups with highest SINR to transmit the duplicated PDCP PDUs. This selection could be based on the CSI or other feedback, such that the BLER of 99.999999% could be achieved without any enhancement on the physical layer. On the other hand, the network can activate all the configured legs if all the legs are not in the good condition.
Considering RAN2 may be further evaluating potential PDCP duplication solutions in WI phase, RAN3 can study the possible impact on network interfaces and detailed solutions pending on RAN1/2. 
For example, for CU/DU case as Figure 1 shows, up to four UP TNL tunnels are required to support the PDCP duplication. This requires in the UE CONTEXT SETUP REQUEST message, up to four UL UP TNL Information are included. And four DL UP TNL Information is included in the RESPONSE message. 
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Figure 1 PDCP duplication for CU/DU split scenario
For NR DC case as given in Figure 2, up to four TNL address may be setup between the node hosting PDCP and corresponding node. 
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Figure 2 PDCP duplication for NR DC scenario
Further in order to assist the DL PDCP duplication, the corresponding node may provide the PDCP duplication activation suggestion and/or the assistance information. Different from the activation/deactivation command with two copies duplication, the corresponding node may signal the following information to support the duplication with more than 2 copies: 
· The RLC entities (up to 2) used for packet duplication activation suggestion;

· The radio quality assistance information towards each RLC entity. 

For CU-CP/UP split case, the CU-CP may signal which F1-U tunnels (up to two) can be used for the DL duplication, and which F1-U tunnel is used for transmission in case of deactivated duplication. 
Proposal 1: RAN3 can further study the following aspects in WI phase:

· Up to four TNL tunnels are setup over F1 or Xn interface;
· To assist the DL PDCP duplication, the corresponding node may signal the RLC entities (up to 2) used for packet duplication activation suggestion, and the radio quality assistance information towards each RLC entity;
· The CU-CP may signal which F1-U tunnels (up to two) can be used for the duplication over E1 
Proposal 2: The TP in the Annex is agreed to be included into TR 38.825. 

3   Conclusion
Based on the discussion in this paper, we provide our analysis on the data Duplication enhancement and have the 
Observation 1: To meet the availability requirement of 99,999999% required for IIoT services,  by using PDCP duplication with two legs, each leg needs to guarantee at least a BLER of 10-4 on average.
Proposal 3: RAN3 can further study the following aspects in WI phase:

· Up to four TNL tunnels are setup over F1 or Xn interface;

· To assist the DL PDCP duplication, the corresponding node may signal the RLC entities (up to two) used for packet duplication activation suggestion, and the radio quality assistance information towards each RLC entity;
· The CU-CP may signal which F1-U tunnels (up to two) can be used for the duplication over E1 

Proposal 4: The TP in the annex is agreed to be included in TR 38.825. 
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5   TP for TR 38.825
4.2.2
Radio access network aspects

Editor’s note: RAN3 responsibility

On PDCP duplication with more copies, the following aspects shall be further studied in the WI phase

· Up to four TNL tunnels are setup over F1 or Xn interface;

· To assist the DL PDCP duplication, the corresponding node may signal the RLC entities (up to two) used for packet duplication activation suggestion, and the radio quality assistance information towards each RLC entity;

· The CU-CP may signal which F1-U tunnels (up to two) can be used for the duplication.  
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