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Introduction
In last meeting, some contributions discussed the MAC CE format for activation/deactivation of more than 2 legs [3][4][5]. However, we should first confirm the precondition before getting into the details. This contribution discusses the necessity of more than 2 legs activation, which was not addressed by the email discussion [106#55].
Discussion
Understanding of current status 
The study item conclusions on this issue are captured as follows [1]:
	4.2	Enhancements to PDCP duplication
4.2.1	Protocol aspects
In PDCP duplication, the PDCP entity delivers duplicate PDCP PDUs to more than one RLC entity.
The benefit in supporting up to four (4) copies can give the NW freedom, in certain architectural deployment scenarios, e.g. using CA or DC, to configure towards achieving consistent reliability using several concurrent radio links that dynamically vary in reliability and latency. Duplication increases overhead as well as protocol complexity and use of more than two copies is not expected to be a common configuration.
…
7	Conclusions
…
-	For increased reliability, it is recommended to support PDCP duplication enhancement with up to 4 copies. To achieve that, it is recommended to specify the following enhancement:
-	Support of PDCP duplication with up to 4 RLC entities configured by RRC in architectural combinations including CA, and NR-DC in combination with CA. It is assumed that all RLC entities are configured with the same transmission mode.
-	Support of dynamic control of how a set or subset of configured RLC entities or legs are used by the UE for PDCP duplication, e.g. using MAC CE. Other methods of leg selection are not precluded.



In essence, the TR conclusions recommend supporting up to 4 copies, although in the related section, it is also observed that this will increase the protocol complexity and is only expected to be used rarely in practice. Since the SI completion, little progress was done during the WI on the topic of duplication, with only three meeting lefts to WI completion and many other topics open in this WI.
Moreover, in the IIoT WID [2], the objectives of NW controlled duplication are stated as:
	1. The detailed objectives for NR PDCP duplication enhancements are:
· Specify PDCP duplication with up to 4 RLC entities configured by RRC in architectural combinations including CA only and NR-DC in combination with CA [RAN2, RAN3].
· Specify mechanisms relating to dynamic control of how a set or subset of configured RLC entities or legs are used for PDCP duplication [RAN2, RAN3].



[bookmark: _Ref14186124]According to the description, at most 4 RLC entities can be configured and the configured legs can be dynamically controlled for (duplicated) transmission. But WID does not take as explicit objective to specify support of more than 2 active legs, which is still to be decided.
Observation 1: The WID does not take as explicit objective to specify support of more than 2 active legs, and then this is still to be decided.
Analysis of the number of activated legs
Considering the resource consumption and protocol complexity, we should discuss the allowed activated legs prudently.
· Necessity 
The reliability consideration in RAN1 is captured in TR38.825 [5] as below.
	[bookmark: _Toc6177035]6.3.2	Physical layer aspects
…
[bookmark: _Toc6177038]6.3.2.3	Reliability
…
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.


Except reliability enhancement in PHY layer, PDCP duplication is a useful L2 tool for reliability improvement. Since one link operates with 1e-4 to 1e-6 reliability in PHY layer, PDCP duplication with two legs can reach 1e-8 to 1e-12 reliability. It already satisfies the most stringent reliability requirement in SA2. Even if 3-leg has some reliability enhancement, it is not essential for IIoT.
Only one contribution [6] (RAN2#105) including simulation results showed some performance benefits of 3-leg duplication versus 2-leg. However, the main improvement is observed on the standard deviation of the latency, not the mean, and for a BLER assumption of 10% on the initial transmission, which is very unlikely to be the operating BLER for an URLLC channel. On the other hand, the simulation results show ~ zero improvement on the mean latency with a (more realistic) 1% BLER assumption on the initial transmission. Hence such simulation results are not conclusive in favour of 3-leg duplication.
[bookmark: _Ref14186131]Observation 2: 2-leg PDCP duplication is enough for the reliability requirements of IIoT considering the reliability target provided by physical layer.
[bookmark: _Ref14186135]Observation 3: With low BLER assumption, 3-leg duplication brings no improvement on the reliability compared with 2-leg duplication.

· Impacts of more than 2 legs activation
The first impact of more than 2 legs activation is resource consumption. Considering one of the WID objectives is to “Specify enhancements for more resource efficient PDCP duplication”, obviously, activating more than 2 legs does the opposite.
Another impact is the complexity increase. At least below aspects shall be studied:
· Activation/deactivation design totally different from PDCP duplication in NR Rel-15;
· 2 or 3-leg selection among 4;
· The impacts of up to 4 active legs on the resource efficiency solutions, such as UE controlled duplication.
[bookmark: _Ref14186142]Observation 4: More than 2 legs activation increases the resource consumption and protocol complexity.
Although some contributions discussed above assuming more than 2 legs activation is allowed, there is no consensus currently that this must be supported. Considering the remaining time allocation of IIoT WID and the numerous leftover issues in this (duplication) and other (intra-UE prioritization/multiplexing, TSC-related enhancements including Ethernet header compression, etc.) topics, we should focus on resource efficiency of PDCP duplication, and pursue a simple solution for the issue of more legs configuration.
Proposal: Activation of more than 2 legs for duplication is not considered for Rel-16.
Conclusion
In this contribution, we discuss the necessity of more than 2 legs activation and get below observations and proposal.
Observation 1: The WID does not take as explicit objective to specify support of more than 2 active legs, and then this is still to be decided.
Observation 2: 2-leg PDCP duplication is enough for the reliability requirements of IIoT considering the reliability target provided by physical layer.
Observation 3: With low BLER assumption, 3-leg duplication brings no improvement on the reliability compared with 2-leg duplication.
Observation 4: More than 2 legs activation increases the resource consumption and protocol complexity.

Proposal: Activation of more than 2 legs for duplication is not considered for Rel-16.
Reference
[1]. [bookmark: _Ref14943703][bookmark: _Ref3985305][bookmark: _Ref533171903]TR 38.825, Study on NR Industrial Internet of Things (IoT), V16.0.0
[2]. [bookmark: _Ref14943682][bookmark: _Ref4675293][bookmark: OLE_LINK11]RP-190728, New WID: Support of NR Industrial Internet of Things (IoT)
[3]. R2-1907617, Dynamic control of PDCP duplication leg, LG Electronics Inc
[4]. R2-1906856, MAC CE format design	Ericsson	discussion
[5]. R2-1907076, MAC CE for PDCP Duplication Control, MediaTek Inc.
[6]. [bookmark: _Ref4575111]R2-1902181, Analysis of Duplication with More Than 2 Legs, Samsung


1
R2-1908832
