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1. Introduction
[bookmark: _Ref178064866]According to IIoT WI [1], more than 4 copies/legs are supported in PDCP duplication enhancement to achieve higher reliability for IIoT traffic. It is clear to re-consider cell restriction for PDCP duplication enhancement scenarios, especially for the new ones in CA duplication, i.e. part of 4 activated legs -> another part of 4 activated legs. 
In RAN2#107 meeting, the following agreements are achieved:
The network provides in RRC only one LCH cell restriction configuration per LCH, like in Rel-15. Changes to LCH cell restriction configuration is only possible via RRC.
At PDCP duplication, application of the configured cell restrictions are not dynamically changed upon activation or deactivation of PDCP duplication beyond Rel-15. (FFS the case of CA duplication)

In RAN2#107bis, cell restriction for duplication is discussed for IIoT without consensus:
R2-1912461	LCH-to-cell Restriction for CA Duplication Deactivation	Apple, Nokia, Nokia Shanghai Bell	discussion	Rel-16	NR_IIOT-Core
DISCUSSION
- 	LG think this should be avoided
- 	Futurewei think there is a problem if the Scell is reserved for certain service. Futurewei agree there is an issue for duplication disable/enable, but think that network can use explicit configuration. 
- 	Oppo think the rel-15 behaviour is ok. 
- 	Samsung think we can also keep the LCH restrictions always. 
- 	Google agrees we can keep Rel-15 behaviour and also think RRC reconfig. can be used. 
- 	Lenovo think that we should change in any case. 
noted
According to the paper, it is proposed to make the UE use the union of the cells configured for other LCHs when CA duplication is deactivated due to the reason that some of the serving cells may be restricted from using by a certain DRB.
In our view, it would make the cell allowed to be used complex if multiple legs are supported, for example, if the UE is switched between activated legs, how to use the serving cells configured for the bearer should be specified which cause extra complexity. 
Besides, companies expressed concern on the legacy behaviour (lifting cell restriction when deactivating of CA duplication) when CA duplication is deactivated, we can have a simple way to handle the concern without introduce complexity. One companion paper submitted to TEI-16 session for discussion [2].
2. Discussion
In Rel-15, PDCP duplication is restricted to two legs. The issue on cell restriction has been discussed accordingly. For CA duplication, some companies said that some issues will be introduced if simply lifting the restrictions upon deactivation of duplication, since cell restriction can be configured for other reasons other than duplication. However, no consensus is achieved at that time. Thus, in Rel-15, it is agreed that the configured LCH-to-Cell restriction still applies after DC duplication is deactivated. But the restriction is lifting after CA duplication is deactivated.
In Rel-16, PDCP duplication enhancement is agreed to support up to 4 legs. Rel-16 duplication can be implemented via CA and CA+DC architecture. Clearly, the scenarios for Rel-16 duplication is more complex. Accordingly, one left issue is whether or how to enhance cell restriction for Rel-16 duplication mechanism. Details are elaborated in the following: 
1) Regarding DC architecture

This scenario is similar as Rel-15, i.e. up to 2 legs are supported for duplication transmission.  Thus, no enhancement for cell restriction is needed, and Rel-15 cell restriction principle can be reused.
2) Regarding CA architecture

In Rel-16 CA duplication, up to 4 legs are configured per MAC entity for duplication transmission, elaborated in the figures below. 


Figure 1. Example on different cases for Rel-16 CA duplication
Compared to Rel-15 CA duplication, both the activated leg number and activated leg index can be changed at least when receiving Duplication RLC Activation/Deactivation MAC CE. For example, the original activated legs for duplication are LCH1&3. UE will change the activated legs to LCH1&2&4 accordingly after receiving Rel-16 duplication MAC CE.
Thus, in CA duplication, legs can be changed in the following way:
· One activated leg <-> more than one activated legs, i.e. Deactivation <-> Activation

From our point of view, it is a similar issue as in Rel-15/TEI-16. In RAN2#107bis meeting, several proposals were provided for handling the concern of not applying cell restriction when CA duplication is deactivated:
· In R2-1912461, it’s been proposed to use a union of serving cells configured for other deactivated LCHs when CA duplication is deactivated. However, as we understood, this modification is not applicable to all DRBs, since only specific traffic, e.g. URLLC traffic, needs to be restricted on limited serving cells. 
· In R2-1912324, it’s been proposed to configure two sets of allowed serving cell for each LCH, so that when CA duplication is deactivated, the UE can still apply the configured allowed serving cell. However, from our point of view, it is against current RAN2 agreement, i.e. the network provides in RRC only one LCH cell restriction configuration per LCH, similar as in Rel-15.
In summary, only for specific DRB(s), network can configure whether the UE can lift the cell restriction configured for the LCH upon CA duplication is deactivated. For example, if the bearer is restricted from using certain serving cells, the network can configure the UE not lifting the cell restriction when the CA duplication is deactivated. Otherwise, the UE follows the legacy R15 behaviour.
[bookmark: _Toc23803608][bookmark: _Toc23864772][bookmark: _Toc24039642][bookmark: _Toc31803377][bookmark: _Toc32472493][bookmark: _Toc32503560]Cell restrictions can be applied when CA duplication is deactivated in a configurable way.
· Leg changes for duplication activation/re-activation, including with/without number of copies change

If cell restriction change is allowed for this case, it will cause extra complexity once the UE is indicated to modify the number of activation legs or switch the activated legs for duplication transmission. For example, if the activated LCHs are changed from LCH1&2 to LCH3&4 and CC 1&2 are associated to LCH1&2, one further issue is how to use CC1&2 for LCH3&4. More complexity will be introduced if multiple CCs are linked to a LCH of the duplication bearer. Considering the time limitation for Rel-16 IIoT, we prefer a simple way for handling the concern of cell restriction when leg changes for CA duplication re-activation, to avoid much discussion time on this complex issue 
[bookmark: _Toc23803609][bookmark: _Toc23864773][bookmark: _Toc24039643][bookmark: _Toc31803378][bookmark: _Toc32472494][bookmark: _Toc32503561]The restricted cell for each LCH is not changed for the case where activated legs changes for CA duplication re-activation.
3) Regarding DC+CA architecture 

From our point of view, the result of CA+DC duplication re-activation is similar as the one in Rel-16 CA duplication or Rel-15 DC duplication. Thus, we prefer the similar principle mentioned above. For CA+DC deactivation case, similar principle as the one in legacy DC duplication deactivation can be applied, considering CA+DC architecture can be generally classified to DC architecture due to two MAC entities always configured. 
[bookmark: _Toc23803610][bookmark: _Toc23864774][bookmark: _Toc24039644][bookmark: _Toc31803379][bookmark: _Toc32472495][bookmark: _Toc32503562]The restricted cell for each LCH is not changed for the case where activated legs changes for DC+CA duplication re-activation.
[bookmark: _Toc23693066][bookmark: _Toc23803611][bookmark: _Toc23864775][bookmark: _Toc24039645][bookmark: _Toc31803380][bookmark: _Toc32472496][bookmark: _Toc32503563]Cell restrictions can be applied when DC+CA duplication is deactivated.
3. Conclusion
Based on the discussion above, we propose the following:
Proposal 1	Cell restrictions can be applied when CA duplication is deactivated in a configurable way.
Proposal 2	The restricted cell for each LCH is not changed for the case where activated legs changes for CA duplication re-activation.
Proposal 3	The restricted cell for each LCH is not changed for the case where activated legs changes for DC+CA duplication re-activation.
Proposal 4	Cell restrictions can be applied when DC+CA duplication is deactivated.
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