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1 Introduction

The scope NR industrial IOT study [1] includes PDCP duplication with more than 2 copies as L2/L3 enhancements to meet the URLLC and TSN requirements.
1) L2/L3 enhancements:
a) Data duplication and multi-connectivity enhancements, including (RAN2/RAN3):
i) Resource efficient PDCP duplication e.g. coordination between the nodes for PDCP duplication activation and resource efficiency insurance, avoiding unnecessary duplicate transmissions etc.
ii) PDCP duplication with more than 2 copies  leveraging (combination of) DC and CA, whereupon data transmission takes places from at most two nodes : assessment of the gains, and if beneficial, study the associated solutions. 

iii) Potential impacts of higher layer multi-connectivity as studied by SA2.
A fundamental question on duplication with more than 2 copies is whether this enhancement has a gain compared to 2-leg duplication. Too see the performance, this contribution provides simulation results on latency and reliability of duplication with more than 2 legs. 
2 Performance Analysis
2.1 Simulation Assumptions

In Rel-15 NR, PDCP duplication with 2 legs has been introduced to enhance performance on latency and reliability for URLLC or other important data. The scope of NR IIOT SID includes the extension to more than 2 copies. The question here is whether it really has any gain or which performance can be improved for more than 2 copies. This means that we may need some quantitative analysis such as mathematical formulation or simulation. 
In this contribution, we conduct a simulation under assumption that duplicate packets come from multiple legs. In NR, RLC does not store any complete RLC SDU and just delivers an RLC SDU as soon as it receives. Therefore the dominant latency components are 1) queueing delay at TX 2) HARQ retransmission delay 3) ARQ delay and 4) PDCP reordering delay. We think 1) queueing delay should be minimized by scheduling such as configured grant and 3) ARQ is not used for delay-critical data. So 2) HARQ retransmission delay and 4) PDCP reordering delay will be the two main factors.
Our simulation model focuses on those two parts. PDCP receive operation with reordering is implemented according to the specification [2]. Since complete PHY/MAC modeling is too complicated, for simplicity we assume constant HARQ error probability: p0 for initial transmission and p1 for retransmissions. At most one HARQ retransmission is performed after 8ms HARQ RTT. In the simulation, PDCP PDU is generated at every 3ms and each packet is transmitted by the dedicated resource (e.g. configured grant) without queueing delay. For duplication, we assumes 2ms additional delay in the secondary legs assuming backhaul delay whereas the primary leg does not have this delay. 20ms t-reordering timer value is configured. RLC TM is assumed, instead of UM because segmentation does not happen in the assumption. We think these assumptions are abstraction but sufficient to see the impact of the duplication with multiple legs.
2.2 Simulation Results
Each simulation compares layer-2 (L2) latency and loss probability. L2 latency here means that time duration from the arrival at TX to successful delivery to upper layer at RX. Regarding L2 latency, we obtain mean, standard deviation and 99% value. Loss probability means the ratio of packets which are not delivered to upper layer of the receiver. Tables 1 and 2 show the performance results for one retransmission and no HARQ retransmission, respectively.
	
	L2 latency (ms)
	Loss probability

	
	Mean
	Std Dev
	99%
	

	1-leg
	3.025ms
	3.997ms
	21ms
	0.01

	2-leg
	1.336ms
	1.152ms
	9ms
	0.0001

	3-leg
	1.214ms
	0.672ms
	3ms
	0.000001

	4-leg
	1.201ms
	0.607ms
	3ms
	0.00000001


Table 1. L2 latency and loss probability for p0=p1=0.1 (one retransmission)
	
	L2 latency (ms)
	Loss probability

	
	Mean
	Std Dev
	99%
	

	1-leg
	1.785ms
	3.331ms
	21ms
	0.01

	2-leg
	1.027ms
	0.385ms
	3ms
	0.0001

	3-leg
	1.020ms
	0.201ms
	3ms
	0.000001

	4-leg
	1.020ms
	0.199ms
	3ms
	0.00000001


Table 2. L2 latency and loss probability for p0=0.01 (no HARQ retransmission)T
For all cases, duplication with 2 legs improves both mean and variance of L2 latency. 3-leg duplication still reduces both mean and variance of L2 latency, too. However, decreased mean delay seems not so big. In contrast, the standard deviation of L2 latency can be remarkably reduced (i.e. 1.148ms(0.676ms, 0.354ms(0.204). The decreased standard deviation means that the variation of delivery time, i.e. jitter, is reduced because the fixed delay can be satisfied. Loss probability is almost same as (p0*p1)^(number of legs), because t-reordering time is sufficiently large that additional packet loss due to out of window does not occur.
4-leg duplication seems no remarkable gain compared to 3-leg. All latency metrics are almost same. Although loss probability can be improved, 3-leg duplication seems to achieve the required reliability already with appropriate configuration.
Observation 1. In duplication with 3 legs, 
· mean latency is reduced, but the gain is not big,
· jitter performance is improved, i.e. standard deviation is decreased, and
· loss probability is proportional to the number of legs.

Observation 2. Duplication with 4 legs does not have a significant gain, compared to 3 legs. 

Based on the observations, we propose:
Proposal 1. RAN2 to study how to support duplications with 3 legs.
Proposal 2. Duplication with more than 3 legs is not supported.

3 Conclusion

Based on the above, RAN2 is requested to discuss the following observations and proposals
Observation 1. In duplication with 3 legs, 

· mean latency is reduced, but the gain is not big,

· jitter performance is improved, i.e. standard deviation is decreased, and

· loss probability is proportional to the number of legs.

Observation 2. Duplication with 4 legs does not have a significant gain, compared to 3 legs. 

Proposal 1. RAN2 to study how to support duplications with 3 legs.

Proposal 2. Duplication with more than 3 legs is not supported.
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