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1	Introduction
According to the WID of NR IIoT [1], the following objectives will be addressed for PDCP duplication enhancement:
	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].




In Rel-15, PDCP duplication has been introduced to facilitate reliable and low latency communication. However, in Rel-15 PDCP duplication in the uplink can be activated/deactivated by the gNB only when needed to save radio resources. First, the RRC provides the initial configuration on whether PDCP duplication is applicable for a DRB. Afterwards, the activation status of duplication of each DRB configured with PDCP duplication can be indicated via a MAC CE command, thus providing gNB control on a per-DRB basis. In Rel-16, PDCP duplication is even more flexible as up to 4 legs can be configured for a DRB, and the network can flexibly control which legs should be activated to for duplication. Considering such dynamicity, the paper discusses how to ensure that radio resource for duplicate transmission can be readily available when the legs are activated, which is important for traffics that may require low-latency and seamless resources for deterministic communications, such as TSC. 
2	Discussion
Nnetwork-based control can be taken as the baseline to operate PDCP duplication in uplink. To this end, the following agreements were made at RAN2#106:
	· Intention is that Copies are sent on different legs 
· Dynamic Network control of DRB duplication is by MAC CE
· By the MAC CE, Network to control which of the configured RLC entities that is/are active
· Support the case that no of copies = no of active RLC entities



Once an RLC entity (corresponding to at least one SCell, referred later also as a duplication “leg”) is activated for PDCP duplication, Rel-15 does not consider any provisioned radio resources for the transmission of the PDCP duplicates associated to such RLC entity. Conventionally it relies on SR/BSR mechanisms to obtain radio resource for transmission of duplicates. However, since PDCP duplication is mainly applied for delay-sensitive traffics such as URLLC/TSC, it is necessary that radio resources become timely available to avoid any scheduling latency of the SCells of the selected leg. This is crucial to ensure that the targeted reliability and latency objectives of URLLC can be attained. 
For delay-sensitive traffic such as URLLC/TSC that may require duplication to achieve the desired reliability/latency performance, semi-persistent radio allocations such as rel-15 configured grants (CG) in the uplink are deemed suitable due to their periodic nature and dispensable control plane procedures such as SR/BSR. Currently two types of CGs are supported as follows: CG Type-1, where the resource configuration and activation is provided via RRC, and CG Type-2, where the resource configuration is provided via RRC whereas activation is provided via PDCCH (DCI format 0_1 i.e. PUSCH grant that carries the transmission parameters such as MCS) addressed to the CS-RNTI (Configured Scheduling RNTI). 
If CG Type 2 would be used in connection with duplication, a L1 signalling (PDCCH-based) would be used for activating the CG resources compared to the L2 signalling (MAC CE-based signal) that is to be used for leg selection for PDCP duplication, as discussed previously. Hence, potentially there can be out-of-sync issues between leg selection/activation and CG-based resource allocation activation, which could be harmful for critical traffics that have to be delivered at deterministic timing. Especially in TDD, out-of-sync may be caused when the two types of downlink control signalling may be carried in different or non-consecutive uplink slots. On the other hand, it is obvious that different legs for duplication should be running at the same pace, to avoid that the slower leg become useless or harmful (wasting resources and increasing interference without bringing advantages) and potentially result in HFN desynchronization problems. Thus a seamless radio resource allocation of the PUSCH channel that follows the dynamic switching of the active legs is crucial to ensure that all duplication legs are more synchronized.
Observation 1: A seamless radio resource allocation of the PUSCH channel that follows the dynamic switching of the active legs is crucial to ensure timely transmissions (reduced latency) and more synchronized operations across the duplication legs, to avoid out-of-sync issues, and to reduce network signaling overhead. 
Proposal 1: The concurrent activation of an RLC entity (or duplication) and an associated CG-based radio resource allocation should be supported with a single message.
The concurrent activation of PDCP duplication activation (RLC leg selection) and associated configured grants (that should be activated together with the selected RLC entity) could be achieved in multiple ways. For instance it could be achieved in an implicit manner. That is, a configured grant configuration could be associated to duplication (or to a leg) and can be activated implicitly when the UE receives duplication activation MAC CE (or a leg selection MAC CE). Such implicit activation basically could rely on a mapping between RLC entities and CG configurations that can be semi-static (i.e. provided via RRC signalling).
Since RLC entities and duplication are to be activated by MAC CE as discussed above, this means that the associated CG configurations should also be activated by the same MAC CE. For this purpose, for instance Type-1 CG could be easily extended such that, after their initial RRC configuration, instances of the configured CG could be dynamically (de-)activated in accordance to the duplication/leg activation MAC CE (rather than being always activated as in conventional Type-1 CG).
Proposal 2: RAN2 to consider whether a new type of CG that is coupled to PDCP duplication operations is needed.

An additional issue to clarify is whether a leg-agnostic CG configuration for duplication operations could be sufficient. Currently, a UE could be configured with up to 12 CG configurations per BWP.  Thus, in principle, some of these CG configurations could be associated to duplication operations, and to be activated upon duplication activation. On the other hand, the CG configuration could be associated on a per leg basis, with a one-to-one mapping (i.e. at the activation of a given RLC entity one corresponding CG configuration is to be used). A leg-specific CG configuration could be particularly beneficial to differentiate resource assignment according to the traffic characterstics of the leg and performance accounting e.g. the operating bandwith, whether it operates on an NR-unlicensed, etc. Therefore it could be preferred. For instance, the gNB could determine the proper CG configuration (in terms of e.g. number of repetitions, MCS) to be associated to a leg for PDCP duplication operations based for instance on the configured number of copies. We remark that according to the email discussion on network-control of PDCP duplication [2], potentially the number of copies can be dynamically controlled by the number of RLC entities to be activated by the gNB. Due to the dynamic nature of wireless networks as well as more flexible leg selection being considered for Rel-16, it may become inefficient if a fixed resource allocation (e.g. a given configured grant) is always applied whenever the corresponding leg is chosen for duplication irrespective of the entire PDCP duplication configuration (e.g. how many legs are activated in total). For example, when the total number of copies is 4, the pre-configured radio resources aiming for high reliability may be over-provisioned if CG with repetions are used. Conversely, when the number of copies is only 2 (e.g. due to traffic loading in some of the configured legs), CG with repetitions may be preferable to achieve the desired reliability. Thus for an efficient use of radio resources, the CG grants to be activated may also depend on the overall activation status of the configured legs, which is can be dynamically switched by MAC CE.
Proposal 3: RAN2 to discuss whether the CG-based radio resource allocation associated to a RLC entity for duplication may depend on which (or how many) concurrent RLC entities are activated at a given time.
Proposal 4: RAN2 to discuss the signalling needed for the concurrent activation of an RLC entity (or duplication) and an associated radio resource allocation that should be activated together with the selected RLC entity.
3	Conclusions
In this paper, we discussed the need of joint activation of legs for duplication and the configured grants in the corresponding radio resource. In particular, we made the following observation:
Observation 1: A seamless radio resource allocation of the PUSCH channel that follows the dynamic switching of the active legs is crucial to ensure timely transmissions (reduced latency) and more synchronized operations across the duplication legs, to avoid out-of-sync issues, and to reduce network signaling overhead. 
Furthermore, we have the following proposals:
Proposal 1: The concurrent activation of an RLC entity (or duplication) and an associated CG-based radio resource allocation should be supported with a single message.
Proposal 2: RAN2 to consider whether a new type of CG that is coupled to PDCP duplication operations is needed.

Proposal 3: RAN2 to discuss whether the CG-based radio resource allocation associated to a RLC entity for duplication may depend on which (or how many) concurrent RLC entities are activated at a given time.
Proposal 4: RAN2 to discuss the signalling needed for the concurrent activation of an RLC entity (or duplication) and an associated radio resource allocation that should be activated together with the selected RLC entity.
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