Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN3 Meeting #102 
R3-186972                         
Spokane, US, 12 - 16 Nov 2018                              
Agenda Item:
21.2.2
Source: 
Huawei
Title:
PDCP duplication with more than 2 copies
Document for:
Discussion and Decision
1 Introduction
PDCP Duplication with more than 2 copies has been discussed in RAN3#101bis to check further RAN1/RAN2 progress i.e. 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 gives our suggestions.
2 Discussion
1. RAN2 progress on R16 IIOT
And during the RAN2#103bis meeting, the evaluation of the requirement is triggered by LS S2-189051 for VLAN. After discussion, in [3] RAN2 agreed that evaluation of TSN performance requirements RAN WGs focus on analyzing the following use cases and performance KPIs in Table 1:
Table 1: Use case and requirement for NR R16 IIOT
	Case
	#UE
	Communications service availability
	Transmit period
	Allowed E2E latency
	Survival time
	Packet size
	Service area
	Traffic periodicity
	Use case

	I
	20
	99,9999% to 99,999999%
	0.5 ms
	≤ Transmit period
	Transmit period
	50 bytes
	15 m x 15 m x 3 m
	Periodic
	Motion control and control-to-control use cases

	II
	50
	99,9999% to 99,999999%
	1 ms
	≤ Transmit period
	Transmit period
	40 bytes
	10 m x 5 m x 3 m
	Periodic
	Motion control and control-to-control use cases

	III
	100
	99,9999% to 99,999999%
	2 ms
	≤ Transmit period
	Transmit period
	20 bytes
	100 m x 100 m x 30 m
	Periodic
	Motion control and control-to-control use cases

	IV
	N/A
	99.9999%
	N/A
	< 1 ms
	N/A
	N/A, but service bit rate from 150 kbit/s to 4.61 Mbits/s
	N/A
	Aperiodic
	Audio streaming for live performance


2. RAN1 progress on R16 eURLLC

R16 eURLLC SI in RAN1 is studying the reliability enhancement for the requirement in TR22.804. RAN1#94bis meeting has updated that the use cases listed below are selected as the starting point for further discussion.
Table 2: Use case and requirement for NR R16 URLLC
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	Data packet size  and traffic model
	Description 

	Power distribution

(22.804:5.6.4 &5.6.6)
	99.9999
	5(end to end latency)
Note: 2-3 ms air interface latency 
	DL & UL:

100 bytes 
ftp model 3 with arrival interval 100 ms
	Power distribution grid fault and outage management 

	
	99.999 
	15(end to end latency)
Note: 6-7 ms air interface latency
	DL & UL:

250 bytes  

Periodic and deterministic with arrival interval 0.833 ms
Random offset between UEs 

	Differential protection

	Factory automation


	99.9999
	2(end to end latency)
Note: 1 ms air interface latency 
	DL & UL:

32 bytes
Periodic deterministic traffic model with data arrival interval 2 ms

	Motion control

	Rel-15 enabled use case (e.g. AR/VR)  
	99.999 
	1ms (air interface delay) for 32 bytes
1 ms and 4 ms (air interface delay) for 200 bytes 
	DL & UL:

32 and 200 bytes 
FTP model 3 or periodic with different arrival rates
	

	
	99.9
	7ms (air interface delay)
	DL & UL:

4096, 10 K
FTP model 3 or periodic with different arrival rates
	

	Transport Industry

(22.186: 5.5)
	99.999
	5 (end to end latency)
Note: 3ms air interface latency 
	For UL: 
2.5 Mpbs; Packet size 5220 bytes
For DL: 
1Mbps; Packet size 2083 bytes
Note: Data arrival rate 60 packets per second for periodic traffic model
	Remote driving 



	Transport Industry

(23.501, 22.261)
	99.999
	10(end to end latency)
Note: 7ms air interface latency
	UL&DL: 
1.1 Mbps, Packet size 1370 bytes 
Note: Data arrival rate 100 packets per second for periodic traffic model
	Intelligent transport system (ITS)


· Note: The above packet size already includes header overhead.
· FFS whether or not to additionally simulate aperiodic traffic model for factory automation, and if so, details (latency, packet sizes, etc.)

· Note: UL and DL simulation is independent
It is RAN2 understanding that as part of L1 URLLC enhancements RAN1 is already evaluating NR towards 1ms latency and 10-6 reliability targets for Factory automation if the packet size is 32 bytes, 2~3ms latency and 10-6 reliability targets for Power distribution if the packet size =100 bytes. We can see that RAN1 does not cover the aperiodic case IV and the stringent requirement for study including case I (i.e. the reliability 10-8 and latency 0.5ms). For case II, the packet size is larger than 32 bytes assumed by RAN. 
Therefore, RAN1 and RAN2 needs to provide the feedback on whether the requirement in these 3 cases can be achieved by current NR or enhancement considered as part of L1 URLLC enhancements SI. 
Observation 1. RAN2 presents the most stringent requirements from TR 22.804 and thinks 10-8 reliability can be achieved for packet duplication on PDCP layer

In Rel-15, two PDCP PDU copies could be transmitted via two RLC channels based on CA or DC duplication architecture. Meanwhile a new MCS table is introduced in URLLC to realize the BLER of 10-5 for each transmission. As a result, duplication with two copies could reach the BLER of up to 10-10, which would be more stringent than the requirement for IIoT. However, the SINR required for BLER 99.999% is very high. For example, compared to SINR required for BLER of 10-1, extra 6 dB is needed for the BLER of 10-5. Moreover, in order to reach BLER of 10-10 with duplication of two RLC channels, both the two legs need to be in very good link condition at the same time, which is not easy to obtain especially at the edge of a cell. If SINR of one leg becomes worse, the BLER from PDCP point of view may not be able to meet the requirement.

The highest availability requirement in Table 1 is 99,999999%. Without taking into account other factors that may affect the availability performance, it requires transmission reliability with a BLER of 10-8.  Using PDCP duplication with two legs, it requires each leg to be with a BLER of 10-4 on average, that is still a strict requirement, given that IIoT services also require ultra low latency for which the number of HARQ retransmissions should be limited.
Observation 2: 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.
Observation 3: With more than 2 RLC channels configured for PDCP duplication, the network can select some of the best legs or activate all legs for duplication to achieve the BLER of 10-8 without enhancement on the physical layer.
Considering RAN2 is evaluating some potential PDCP duplication solutions, e.g. when more than 2 RLC entities are configured only the best RLC channels are selected to transmit PDCP PDU copies. RAN3 can study the possible impact on network interfaces and detailed solutions pending on RAN1/2.
Proposal 1. With the configuration of more than 2 RLC channels for a PDCP entity, the network should be allowed to flexibly select a subset of those RLC channels to use for duplication. 

Proposal 2. RAN3 can study the possible impact on network interfaces and detailed solutions for flexible RLC channels selections. 
3 Conclusion

In this contribution, we provide our analysis on the data Duplication enhancement and have the following proposals:

Observation 1. RAN2 presents the most stringent requirements from TR 22.804 and thinks 10-8 reliability can be achieved for packet duplication on PDCP layer. 
Observation 2: 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.
Observation 3: With more than 2 RLC channels configured for PDCP duplication, the network can select some of the best legs or activate all legs for duplication to achieve the BLER of 10-8 without enhancement on the physical layer.
Proposal 1. With the configuration of more than 2 RLC channels for a PDCP entity, the network should be allowed to flexibly select a subset of those RLC channels to use for duplication.
Proposal2. RAN3 can study the possible impact on network interfaces and detailed solutions for flexible RLC channels selections. 
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