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Introduction
[bookmark: _Hlk523733459]In RAN #81, a revised SID on Study on NR Industrial Internet of Things (IoT) is approved [1]. The potential enhancements on data duplication and multi-connectivity are discussed and captured in this study item. In the SI duration, potential issues and mechanisms are discussed and aggregated into the WI as shown in the following [2]:
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].
•	Specify enhancements for more resource efficient PDCP duplication by enhancing PDCP duplication activation/deactivation mechanisms (e.g. MAC CE based or based on UE configurable criteria), provided that complexity increase is reasonable. Per-packet selective duplication can also be considered. [RAN2].
•	Specify enhancements for more efficient DL PDCP duplication without impacting the UE, provided that gains can be confirmed with a reasonable complexity. [RAN3].
•	Specify enhancements to address potential impacts of higher-layer multi-connectivity based on SA2 progress and request [RAN2, RAN3].
[bookmark: OLE_LINK90][bookmark: OLE_LINK91]In this paper, we will further discuss the issue on data duplication and multi-connectivity enhancement and give our proposals.
[bookmark: _Ref178064866]Discussion
Scenario
[bookmark: _Toc1114242]According to the description in IIoT WI, one objective of PDCP duplication enhancement is to support up to 4 RLC entities in architectural combination including CA only and NR-DC combination with CA. One further issue is what the basic architecture is for NR-DC combination with CA. Based on our understanding, the potential architecture is illustrated in Figure 1. In this architecture, to support 4 legs duplication configuration, each MAC entity is configured associated with 2 RLC entities. We think it might be a most straightway extension based on legacy CA or DC duplication architecture for “4 legs” scenario. Thus, it is clear that this architecture is a baseline for NR-DC combination with CA in R16. 
[image: ]
Figure 1 NR-DC combination with CA achitecture 
[bookmark: _Toc3996702][bookmark: _Toc4708429][bookmark: _Toc4752746][bookmark: _Toc4759664][bookmark: _Toc4759716][bookmark: _Toc4761288][bookmark: _Toc4762756][bookmark: _Toc7600819][bookmark: _Toc1131888][bookmark: _Toc1131934][bookmark: _Toc1131987][bookmark: _Toc7731351][bookmark: _Toc7731390]To support up to 4 RLC entities in architectural combination including CA only and NR-DC combination with CA.
[bookmark: _Toc3996703][bookmark: _Toc4708430][bookmark: _Toc4752747][bookmark: _Toc4759665][bookmark: _Toc4759717][bookmark: _Toc4761289][bookmark: _Toc4762757][bookmark: _Toc7600820][bookmark: _Toc7731352][bookmark: _Toc7731391]It is clear that the architecture illustrated in Figure 1 (i.e., at most two legs in each of the two CGs) is to be supported in duplication enhancement.
[bookmark: _Toc1131895][bookmark: _Toc1131941][bookmark: _Toc1131980][bookmark: _Toc3996711][bookmark: _Toc4708437][bookmark: _Toc4752254][bookmark: _Toc4759672][bookmark: _Toc4759711][bookmark: _Toc4761296][bookmark: _Toc4762751][bookmark: _Toc7545936][bookmark: _Toc7600814][bookmark: _Toc7731364][bookmark: _Toc7731398]RAN2 confirms the architecture illustrated in Figure 1(i.e., at most two legs in each of the two CGs) as a baseline for NR-DC combination with CA.
Obviously, legacy DC or CA architecture is applicable in IIoT. However, it is unclear whether it is necessary to support more than 2 RLC entities in CA only architecture. If so, based on our understanding, the potential architecture is that more than 2 RLC entities are configured associated with one MAC entity for one bearer, which is illustrated in the left of Figure 2. Compared with the legacy CA duplication, the only difference, from architecture point of view, is the number of associated RLC entity. In addition, if the above enhancement on CA only architecture is agreed, another NR-DC combination with CA architecture might be considered, which is illustrated in the right of Figure 2. The only difference is the number of associated LCHs per MAC entity compared to the one in Figure 1. And we propose to exclude this architecture out of R16 or put it into the second priority considering possible benefits, complexities, and time restrictions.
[image: ] [image: ]
Figure 2 Potetial duplication achitecture
[bookmark: _Toc1057933][bookmark: _Toc1114229][bookmark: _Toc1131889][bookmark: _Toc1131935][bookmark: _Toc1131988][bookmark: _Toc3996704][bookmark: _Toc4708431][bookmark: _Toc4752748][bookmark: _Toc4759666][bookmark: _Toc4759718][bookmark: _Toc4761290][bookmark: _Toc4762758][bookmark: _Toc7600821][bookmark: _Toc7731353][bookmark: _Toc7731392]It is unclear whether the architectures illustrated in Figure 2 need to be supported in duplication enhancement.
[bookmark: _Toc1057939][bookmark: _Toc1057940][bookmark: _Toc1057941][bookmark: _Toc1057942][bookmark: _Toc1057943][bookmark: _Toc1057944][bookmark: _Toc1057945][bookmark: _Toc1057946][bookmark: _Toc1057947][bookmark: _Toc1057948][bookmark: _Toc1057949][bookmark: _Toc1057950][bookmark: _Toc536738083][bookmark: _Toc951880][bookmark: _Toc952091][bookmark: _Toc1042581][bookmark: _Toc1057951]Duplication activation/deactivation control
If all the configured legs can be used simultaneously for duplication, higher reliability requirement can be achieved while resource overhead is higher than the one in R15. However, resource efficiency is always important issue for Uu interface transmission. Thus, preform PDCP duplication efficiently is also an important objective for “more than 2 copies” scenario. Furthermore, considering the most stringent reliability requirement is 1-10-6~1-10-8 in TR 22.804 and 1-10-6 reliability is part of targets to evaluate in L1 URLLC enhancements SI, we propose that 2-copies is enough to cover the most stringent use case.
[bookmark: _Toc528844725][bookmark: _Toc528849031][bookmark: _Toc528921668][bookmark: _Toc536738078][bookmark: _Toc951876][bookmark: _Toc1057927][bookmark: _Toc1114247][bookmark: _Toc1116909][bookmark: _Toc1116930][bookmark: _Toc1131890][bookmark: _Toc1131936][bookmark: _Toc1131989][bookmark: _Toc3996705][bookmark: _Toc4708432][bookmark: _Toc4752749][bookmark: _Toc4759667][bookmark: _Toc4759719][bookmark: _Toc4761291][bookmark: _Toc4762759][bookmark: _Toc7600822][bookmark: _Toc7731354][bookmark: _Toc7731393]Resource efficiency and reliability needs to be trade-off for PDCP duplication efficiency.
[bookmark: _Toc1057928][bookmark: _Toc1114248][bookmark: _Toc1116910][bookmark: _Toc1116931][bookmark: _Toc1131891][bookmark: _Toc1131937][bookmark: _Toc1131990][bookmark: _Toc3996706][bookmark: _Toc4708433][bookmark: _Toc4752750][bookmark: _Toc4759668][bookmark: _Toc4759720][bookmark: _Toc4761292][bookmark: _Toc4762760][bookmark: _Toc7600823][bookmark: _Toc7731355][bookmark: _Toc7731394]2-copies is enough to cover the most stringent use case.
[bookmark: _Toc536738084][bookmark: _Toc951881][bookmark: _Toc952092][bookmark: _Toc1042582][bookmark: _Toc1057952][bookmark: _Toc1114236][bookmark: _Toc1116918][bookmark: _Toc1116939][bookmark: _Toc1131896][bookmark: _Toc1131942][bookmark: _Toc1131981][bookmark: _Toc3996712][bookmark: _Toc4708438][bookmark: _Toc4752255][bookmark: _Toc4759673][bookmark: _Toc4759712][bookmark: _Toc4761297][bookmark: _Toc4762752][bookmark: _Toc7545937][bookmark: _Toc7600815][bookmark: _Toc7731365][bookmark: _Toc7731399]At most 2 legs are activated simultaneously for duplication transmission considering the reliability requirement and resource consumption.
In legacy system, duplication activation/deactivation MAC CE (i.e. R15 MAC CE) is defined for duplication status indication. By using R15 MAC CE, all legs are aligned with the same behavior, i.e. all legs are activated or not simultaneously. For example, all legs are to be used for duplication transmission if duplication is activated, otherwise only the primary leg is applicable. However in R16, it is agreed that to dynamic control of a subset of configured RLC entities or legs for PDCP duplication transmission. Thus, the mechanism designed in R15 is not aligned to the objective in R16.
[bookmark: _Toc3996707][bookmark: _Toc1057929][bookmark: _Toc1114249][bookmark: _Toc1116911][bookmark: _Toc1116932][bookmark: _Toc1131892][bookmark: _Toc1131938][bookmark: _Toc1131991][bookmark: _Toc3996708][bookmark: _Toc4708434][bookmark: _Toc4752751][bookmark: _Toc4759669][bookmark: _Toc4759721][bookmark: _Toc4761293][bookmark: _Toc4762761][bookmark: _Toc7600824][bookmark: _Toc7731356][bookmark: _Toc7731395]By using R15 MAC CE, all legs are aligned with the same behavior, i.e. all legs are activated or not simultaneously. 
[bookmark: _Toc1057930][bookmark: _Toc1114250][bookmark: _Toc1116912][bookmark: _Toc1116933][bookmark: _Toc1131893][bookmark: _Toc1131939][bookmark: _Toc1131992][bookmark: _Toc3996709][bookmark: _Toc4708435][bookmark: _Toc4752752][bookmark: _Toc4759670][bookmark: _Toc4759722][bookmark: _Toc4761294][bookmark: _Toc4762762][bookmark: _Toc7600825][bookmark: _Toc7731357][bookmark: _Toc7731396]Re-using Duplication Activation/Deactivation MAC CE for leg indication is not applicable for duplication enhancement in R16.
Possible enhancement to activation/deactivation mechanisms (e.g. MAC CE based or based on UE configurable criteria) are captured in WI. Preliminary consideration to the two solutions are shown in the following:
· Solution 1: Based on the network indication, e.g., MAC CE. And some general details are listed below:
· The duplication status are totally controlled by the network: 1. whether to activate duplication transmission, 2. which legs are actually activated.
· The pros: the activation behaviour is under control of the network.
· The cons: some restriction should be specified in the protocol, such as the maximum number indicated by the network for activated legs for duplication.
· Solution 2: Based on UE selection with assistance from the network. And some general details are listed below:
· Sort of duplication mechanism is controlled by the network, but FFS on what extent the network impose control on the duplication.
· UE involves in duplication selection decision.
· The pros: more flexibility is achievable to the UE and the network.
And some sub-solutions for solution 2 are extended here:
· Solution 2-1: whether to activate duplication is controlled by the network, and the “activated” legs for duplication is based on UE behaviour.
· Solution 2-2: whether to activate duplication is controlled by the network, and the “activated” legs is selected based on UE & the network decision (i.e. the network indicate a set of legs to active by MAC CE, and UE select the legs eventually used among the ones indicated in MAC CE). 
· Solution 2-3: the “activated” legs for duplication is controlled by the network, and whether to activate duplication is based on UE behaviour.
We think all solutions shown above can be considered.
[bookmark: _Toc4759674][bookmark: _Toc4759713][bookmark: _Toc4761298][bookmark: _Toc4762753][bookmark: _Toc7545938][bookmark: _Toc7600816][bookmark: _Toc536738085][bookmark: _Toc951882][bookmark: _Toc952093][bookmark: _Toc1042583][bookmark: _Toc1057953][bookmark: _Toc1114237][bookmark: _Toc1116919][bookmark: _Toc1116940][bookmark: _Toc1131897][bookmark: _Toc1131943][bookmark: _Toc1131982][bookmark: _Toc3996713][bookmark: _Toc4708439][bookmark: _Toc4752256][bookmark: _Toc7731366][bookmark: _Toc7731400]RAN2 consider potential solutions (i.e. MAC CE based solution and/or UE configurable criteria solution) for duplication. FFS on what extent the network imposes control on the duplication. 
Since MAC CE is a more dynamic signaling than RRC and MAC CE is the finalized method for duplication status indication in R15, we think MAC CE is a most straightforward way for duplication enhancement status indication in R16. Thus, for current more than two RLC entities/legs scenario, a new MAC CE is preferred to indicate duplication activated/deactivated, and/or, to indicate the legs expected by the network for duplication transmission.
[bookmark: _Toc1057954][bookmark: _Toc1114238][bookmark: _Toc536738087][bookmark: _Toc951884][bookmark: _Toc952095][bookmark: _Toc1042585][bookmark: _Toc1057955][bookmark: _Toc1114239][bookmark: _Toc1116920][bookmark: _Toc1116941][bookmark: _Toc1131898][bookmark: _Toc1131944][bookmark: _Toc1131983][bookmark: _Toc3996714][bookmark: _Toc4708440][bookmark: _Toc4752257][bookmark: _Toc4759675][bookmark: _Toc4759714][bookmark: _Toc4761299][bookmark: _Toc4762754][bookmark: _Toc7545939][bookmark: _Toc7600817][bookmark: _Toc7731367][bookmark: _Toc7731401]A new MAC CE is introduced for more than two legs duplication scenario if the network is involved in activated leg(s) indication/selection.
Two candidate ways are listed to activate/deactivate PDCP duplication for “more than two legs” case: 
· One way is to design a MAC CE only used for sort of duplication status indication. For example, R15 MAC CE is used to indicate activated or not, and the new MAC CE is designed for leg selection. The first drawback is how to split the R15 / R16 MAC CE functionality, and another one is much complexity are introduced to the network and UE since they need to recognize 2 MAC CE. 
· The other way is to design a new MAC CE which support activation indication and any status indication for multiple legs combination, including one leg activation, 2 legs activation, 3 legs activation, and 4 legs activation. The Pros of this approach is there is no need to consider how to split functionality as required in the above way, and all possible duplication cases can be covered by using this approach.
[image: ]
Table 1 Pros and Cons for potential ways for new MAC CE design
[bookmark: _Toc1057931][bookmark: _Toc1114251][bookmark: _Toc1057932][bookmark: _Toc1114252][bookmark: _Toc1116913][bookmark: _Toc1116934][bookmark: _Toc1131894][bookmark: _Toc1131940][bookmark: _Toc1131993][bookmark: _Toc3996710][bookmark: _Toc4708436][bookmark: _Toc4752753][bookmark: _Toc4759671][bookmark: _Toc4759723][bookmark: _Toc4761295][bookmark: _Toc4762763][bookmark: _Toc7600826][bookmark: _Toc536738080][bookmark: _Toc951878][bookmark: _Toc7731358][bookmark: _Toc7731397]There are two potential solutions for R16 duplication MAC CE design.
[bookmark: _Toc4759676][bookmark: _Toc4759715][bookmark: _Toc4761300][bookmark: _Toc4762755][bookmark: _Toc7545940][bookmark: _Toc7600818][bookmark: _Toc1057956][bookmark: _Toc1114240][bookmark: _Toc1116921][bookmark: _Toc1116942][bookmark: _Toc1131899][bookmark: _Toc1131945][bookmark: _Toc1131984][bookmark: _Toc3996715][bookmark: _Toc4708441][bookmark: _Toc4752258][bookmark: _Toc7731368][bookmark: _Toc7731402]RAN2 discuss the issue whether duplication information is indicated by single duplication MAC CE (i.e. R16 duplication MAC CE) or two duplication MAC CEs (i.e. R15 and R16 duplication MAC CE).  
[bookmark: _Toc528844730][bookmark: _Toc528844749][bookmark: _Toc528844732][bookmark: _Toc528844751][bookmark: _Toc528844733][bookmark: _Toc528844752]
Conclusion
Based on the discussion above, we made the following observations:
Observation 1	To support up to 4 RLC entities in architectural combination including CA only and NR-DC combination with CA.
Observation 2	It is clear that the architecture illustrated in Figure 1 (i.e., at most two legs in each of the two CGs) is to be supported in duplication enhancement.
Observation 3	It is unclear whether the architectures illustrated in Figure 2 need to be supported in duplication enhancement.
Observation 4	Resource efficiency and reliability needs to be trade-off for PDCP duplication efficiency.
Observation 5	2-copies is enough to cover the most stringent use case.
Observation 6	By using R15 MAC CE, all legs are aligned with the same behavior, i.e. all legs are activated or not simultaneously.
Observation 7	Re-using Duplication Activation/Deactivation MAC CE for leg indication is not applicable for duplication enhancement in R16.
Observation 8	There are two potential solutions for R16 duplication MAC CE design.

And propose the following:
[bookmark: _GoBack]Proposal 1	RAN2 confirms the architecture illustrated in Figure 1(i.e., at most two legs in each of the two CGs) as a baseline for NR-DC combination with CA.
Proposal 2	At most 2 legs are activated simultaneously for duplication transmission considering the reliability requirement and resource consumption.
Proposal 3	RAN2 consider potential solutions (i.e. MAC CE based solution and/or UE configurable criteria solution) for duplication. FFS on what extent the network imposes control on the duplication.
Proposal 4	A new MAC CE is introduced for more than two legs duplication scenario if the network is involved in activated leg(s) indication/selection.
Proposal 5	RAN2 discuss the issue whether duplication information is indicated by single duplication MAC CE (i.e. R16 duplication MAC CE) or two duplication MAC CEs (i.e. R15 and R16 duplication MAC CE).
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