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1 Introduction

Improvements to the PDCP duplication mechanism are under discussion for the SI on Industrial IOT. This contribution is discussing the cell restriction functionality for the case of CA duplication.   
2 Discussion

When PDCP duplication was introduced for NR in Rel-15, the necessity of some cell restriction functionality for the CA duplication case was seen in order to ensure that the same PDUs (duplicate PDU and original PDU) are not ending up on the same carrier/cell thereby eliminating the diversity gain. Such cell restriction functionality for LCHs was later implemented in the logical channel prioritization (LCP) procedure. For the non-duplication case the introduction of a cell restriction functionality was mainly motivated by QoS. Since different serving cells may provide different QoS levels, the LCH-to-cell restriction functionality ensures that QoS requirements can be fulfilled for each logical channel. Further it was also argued that the cell restriction functionality allows to “isolate” certain traffic on cells, e.g. for the MDBV case.

At the end of Rel-15 there were extensive discussions on the cell restriction behaviour for cases when CA duplication is deactivated. Several companies saw a problem with the at-the-time specified UE behaviour, i.e. not applying the configured cell restriction, i.e. allowedServingCells, for the corresponding LCHs upon deactivation of CA duplication. As mentioned before the configured serving cells of a UE (CA) may support different QoS levels, e.g. depending on whether the cell is in FR1 or FR 2 or depending on the used numerology/ MCS table. If the LCH-to-cell restriction is lifted upon deactivation of CA duplication, it may happen that data of the LCH(s) are transmitted on a cell which cannot meet the QoS requirements. Further it may also impact scheduling in case network intends to “isolate” certain traffic on specific cells.

gNB would need to send a RRC reconfiguration message with a new cell restriction configuration with every PDCP duplication deactivation in order to ensure that the QoS requirements of the LCH(s) of the duplication bearer are fulfilled. This may come at the expense of a significant signalling overhead as PDCP activation/deactivation might happen frequently, i.e. depending on radio channel conditions. This would essentially defeat the benefits of the cell restriction functionality.

Observation 1: Frequent RRC reconfiguration may be necessary in order apply cell restriction for logical channel(s) of a DRB configured for PDCP duplication.  
There were several proposals on the table for Rel-15 addressing the problem described above. In the end it was agreed to keep the at-the-time specified UE behaviour, i.e. lifting the configured restriction upon deactivation of CA duplication, in order to avoid any late (ASN.1) changes. Now for Rel-16 we think that RAN2 should re-discuss the issue and come up with a technically sound UE behaviour. In particular in the scope of IIOT where improvements to the PDCP duplication functionality are under discussion for achieving the ultra-high reliability requirements, we see some benefit in re-designing the cell restriction behaviour. 
We see following options for the UE behaviour w.r.t cell restriction upon deactivation of CA duplication    
· Option 1: 

Upon deactivation of CA duplication, the logical channel restriction of the logical channels should be the combination of the restrictions configured for both the primary and secondary logical channels.  
· Option 2:

Introduce in addition to allowedServingCell IE another IE, e.g. allowedServingCell-duplication, in the logicalChannelConfig, which (if present) indicates the allowed cells for the case that Duplication is deactivated. Such additional IE would be only configured for the logical channel of a duplication DRB. When duplication is activated UE shall follow the cell restriction as configured by the existing IE allowedServingCells, for cases when duplication is deactivated UE shall follow the cell restriction as configured by the new IE (if present). 

When comparing the two options, Option 2 would have the benefit that gNB could configure different cell restrictions for the duplication case and for the case when duplication is deactivated. As cell restriction for duplication is done to ensure that the same PDCP PDU doesn’t end up twice on the same carrier/cell whereas cell restriction for the non-duplication case is mainly motivated by QoS/scheduling, it makes sense to allow having a different configuration for such both cases. We propose that RAN2 discusses which of the options to choose. 
Proposal 1: RAN2 should discuss how to efficiently support cell restriction for the LCHs of a duplication DRB and choose one of the options. 
3 Conclusion
Based on the above discussion, we suggest that agree on the following observations and proposals:
Observation 1: Frequent RRC reconfiguration may be necessary in order apply cell restriction for logical channel(s) of a DRB configured for PDCP duplication.

Proposal 1: RAN2 should discuss how to efficiently support cell restriction for the LCHs of a duplication DRB and choose one of the options. 
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