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1	Introduction
PDCP duplication is a key feature adopted by Rel-15 to facilitate URLLC, which can be conducted in both downlink and uplink. The NR IIoT SI [1] aims to further enhance such feature in order to improve both performance and efficiency of the scheme. Due to resource constraints of the UEs as well as less-coordinated interferences caused by uplink, more efficient and flexible operations based on the interaction between the uplink legs should be considered. 
2	Discussion
2.1	Flexible Duplication with Carrier Switching
In the RAN2 email discussion [2] and many other papers, most companies generally agree that PDCP duplication performance can be further improved if n> 2 RLC entities are configured. At the same time, instead of activating all the configured legs, it could be a good trade-off between performance and complexity if only activate m=2 legs at a given time while allowing dynamically switching of the active leg pair within the configured n>2 RLC entities. More detailed discussions on the benefits of dynamic switching of RLC entity subsets can be found in our companion paper [3]. Note that the mapping of LCHs corresponding to these configured RLC entities are restricted to distinct serving cells to attain frequency diversity gain.  Such a scheme of flexible duplication via leg pair switching is indeed useful in terms of improving performance as both frequency and spatial diversity (if DC is used) are jointly exploited. 
Due to issues such as resource constraints and implementation complexity, it is questionable whether establishing more than 2 legs at the UE is cost-effectiveoption for uplink PDCP duplication. Nonetheless, if the ultimate goal of configuring n>2 RLC entities for a DRB is to achieve flexible duplication, there is actually an alternative with lower complexity for the uplink. More specifically, uplink can still enjoy such flexibility of dynamic switching of radio path even if only n=2 RLC entities are established, as long as the serving cell for one (or both) of the LCHs (corresponding to n=2 RLC entities) are allowed to switch dynamically. From physical transmission perspective, this achieves the similar goal of switching the active pair among n>2 RLC entities, but the processing and implementation complexities are much lower.
Observation 1: Dynamic switching of carrier in one (or both) of the LCHs corresponding to the n=2 RLC entities could be a more cost-effective alternative to fulfil flexible duplication of schemes based on n>2  RLC entities with dynamic leg subset switching.
In summary, we think flexible duplication exploiting leg pair switching could be realized via two possible options (as illustrated in Figure 1):
· Option 1: Establish (with RRC configuration) n>2 RLC entities, and dynamically select a pair (m=2) of RLC entities.
· Option 2: Establish (with RRC configuration) n=2 RLC entities, and dynamically switching the carrier that either or both corresponding LCH(s) can be mapped to.
For uplink, Option 2 could be more suitable as establishing too many RLC entities is less desirable for UEs, considering resource constraints and implementation complexity.
Proposal 1: Flexible duplication based on dynamic switching of carrier in one (or both) of the LCHs corresponding to the n=2 RLC entities (Option 2) should be considered at least for uplink.
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Figure 1 The two alternative options to realize flexible duplications.

2.2	Adaptive LCP based on cross-legs coordination
As discussed previously, switching the carrier that a duplicate LCH can be mapped during LCP procedure could be viable approach to achieve flexible duplication for uplink. Also, in Rel-15 LCH mapping restriction rule of “allowedServingCells” is typically configured for the duplicate LCH for the sake of ensuring frequency diveristy. Therefore, it is worth considering adaptively changing LCH mapping restriction details (e.g. modify the allowed serving cells) configured for a LCH when certain conditions are met while PDCP duplication is active. In particular, the LCHs corresponding to the original and duplicated copies of the PDCP packet may coordinate to determine when the LCP restriction can be altered. That is, based on the information relating to the status/performance of its counterpart LCH, the duplicate LCH may adaptively change its LCH mapping restrictions such as the allowed serving cells it can be mapped to.
Furthermore, apart from LCP restrictions, conditional changes to other LCP parameters could also be beneficial in terms of improving resource efficiency and maintaining proper operation of PDCP duplication. For instance, when the performance or channel status of the LCH corresponding to the original copy is deemed to be promising for successful and reliable transmission, then the LCP parameters of the duplicate LCH could be adjusted to become less aggressive (e.g. decrease the LCH priority level and/or PBR) to avoid using too much radio resource if the  transmission of which is not so needful. On the other hand, as observed in [3], it is desirable for the two legs to maintain the similar progress; so when the legs are out-of-sync, the LCP for the lagging leg could be changed (e.g. increase the LCH priority level and/or PBR) to accerlate its transmission and hence facilitating re-synchronization with another leg.
Proposal 2: More dynamic adaptiation of LCP (including LCH mapping restriction) setting based on coordination between two legs could be considered to facilitate uplink PDCP duplication in aspects such as carrier switching and radio resource efficiency improvement.

2.3	Configured Grants Enhancement
For IIoT applications, data packets typically have periodic and deterministic nature. Hence, it makes sense to restrict the mapping of LCHs of IIoT applications to configured grants. With PDCP duplication, it is anticipated that original and duplicated LCHs are both (or at least one of them) are mapped to configured grants in distinct serving cells. Therefore, certain enhancement relating to LCH mapping to configured grants can be considered. In particular, as it has been agreed recently that multiple active configured grants can be supported per BWP, a subset of these active configured grants could be configured to carry duplicated traffics only. Then, based on the status or performance of the original LCH in other serving cell(s), the configured grants dedicated to duplicated LCH could be activated/deactivated, re-configured, or changing their LCH mapping restrictions autonomously. Alternatively, these configured grants could be implicitly activated or deactivated via the existing MAC CE that controls activation/deactivation of uplink PDCP duplication. Such an enhancement may facilitate resource efficiency improvement and may avoid delaying of other traffics caused by resource collision. Specifically, note that PDCP duplication is typically applied to high priority traffics, and therefore duplicates are likely to override the transmission of other traffics in case of resource collision (based on recent discussion on intra-UE prioritization [4]) – this is deemed undesirable especially when the original copy is successfully transmitted in other serving cell(s). Hence, LCH mapping restriction to configured grants for PDCP duplication and the potential enhancements should be examined in the WI phase.
Proposal 3: LCH mapping restriction to configured grants for PDCP duplication and the potential enhancements related to configured grants in this regard should be examined in the WI phase.

3	Conclusions
This paper considers uplink PDCP duplication enhancements. In particular, we have observed that:
Observation 1: Dynamic switching of carrier in one (or both) of the LCHs corresponding to the n=2 RLC entities could be a more cost-effective alternative to fulfil flexible duplication of schemes based on n>2  RLC entities with dynamic leg subset switching.
Considering that many IIoT devices are more resource-constraint, we propose:
Proposal 1: Flexible duplication based on dynamic switching of carrier in one (or both) of the LCHs corresponding to the n=2 RLC entities (Option 2) should be considered at least for uplink.
In addition, other enhancement relating to LCP and LCH mapping restriction can be further investigated:
Proposal 2: More dynamic adaptiation of LCP (including LCH mapping restriction) setting based on coordination between two legs could be considered to facilitate uplink PDCP duplication in aspects such as carrier switching and radio resource efficiency improvement.
[bookmark: _GoBack]Proposal 3: LCH mapping restriction to configured grants for PDCP duplication and the potential enhancements related to configured grants in this regard should be examined in the WI phase.
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