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Introduction
In the previous RAN2 meetings, PDCP Packet Duplication in CA had been progressed and the following agreements were reached:
RAN2#98 Agreements
1	UL PDCP duplication is configurable per DRB and, for NR-NR DC case, per SRB.
FFS whether the initial state of the UL PDCP duplication (duplication active or not active and if not active which leg is used) is a default or whether the initial state can be signalled by RRC
2	RAN2 will attempt to define at least one mechanism to start/stop PDCP duplication more quickly and with less signalling overhead compared to RRC reconfiguration.
Agreement
[bookmark: _GoBack]=>	MAC CE approach will be used for control of UL duplication. Optimisations to reliability of the MAC CE will not be introduced for this mechanism. No optimisations or additional interactions between network nodes are introduced for this mechanism.
Agreements for duplication in CA case
1	Duplication on a single carrier will not be supported
2	RRC configured mapping of the 2 duplicate LCHs to different carriers will be supported (One carrier cannot have both of the duplicate LCHs mapped to it)
3	Duplicated PDCP PDUs are submitted to two different RLC entities
RAN2 NR AH June 2017 Agreements:
1:	MAC CE enables per DRB control of activation/deactivation of packet duplication for DRBs with packet duplication configured by RRC.
Agreements:
1:	In CA, after the duplication is deactivated, the logical channel to carrier mapping restriction is not applied. UE sends new data via one specified logical channel.
FFS Whether RLC transmissions of the second leg are continued - to be concluded in stage 3 UP.
2	UE acts on MAC CEs received from MCG and SCG. No UE behaviour will be specified to manage a conflict between the commands received from MN and SN. 
FFS Whether UL packet duplication for spit bearer applies for EN-DC.
Agreements
1:	CA packet duplication is not applied to LTE CA of EN-DC.
2: 	In the EN-DC and NG-EN-DC case, CA packet duplication can only be configured for SCG bearer. In the NE-DC case, CA packet duplication can only be configured for the MCG bearer.
3: 	In the NR-NR DC case, CA packet duplication can only be configured for non-split bearer.
Agreements:
1. Logical channel prioritization takes into account the all the restrictions configured for the logical channels. 
2. The LTE BSR and SR trigger mechanism can be used for the packet duplication transmission.  no enhancements are needed.
3.  For activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication.  
4.   Which logical channel is used for duplication leg is based on RRC configuration for CA and DC.  
FFS if fall back to split bearer is supported for DC . 

In this contribution, we address the remaining Stage2 issues of Packet Duplication in CA.
[bookmark: _Ref178064866]Discussion
In RAN2#98, it had been agreed that one mechanism to start/stop PDCP duplication more quickly than with RRC reconfiguration will be defined and that this approach will be based on MAC CE.
Duplication on PDCP in NR is considered in both CA and DC. First, for simplicity, duplication control between CA and DC should be aligned. Under the assumption that PDCP data is pulled to lower layers when an UL grant is available (for which transmission is allowed acc. to logical channel restrictions as agreed in RAN2#87bis), we believe that this alignment between CA and DC operation is easily possible. Please note also our companion papers [1] discussing UL transmit operation on PDCP, and [2] discussing how PDCP data is considered for BSR.
[bookmark: _Toc489627846][bookmark: _Toc489966341][bookmark: _Toc490139741][bookmark: _Toc490143424][bookmark: _Toc490209114]Duplication control on PDCP is aligned among duplication in DC and CA.
It should be configurable via RRC, whether the initial PDCP operation should be using duplication or not. For use-case scenarios that are rather static (e.g. a industrial factory deployment with very good coverage) the more dynamic approach of reconfiguring duplication by MAC CE is probably not necessary, and one could rely on RRC signalling alone.  Addressing and FFS listed in the NR Stage 2 description, we propose:
[bookmark: _Toc489627847][bookmark: _Toc489966342][bookmark: _Toc490139742][bookmark: _Toc490143425][bookmark: _Toc490209115]Initial state of UL PDCP duplication can be signalled by RRC (for DC and CA).
RAN2 has agreed that it should be possible for PDCP to create duplicate PDCP PDUs where each PDU is sent over different carriers. The motivation for this was the URLLC use case where sending multiple copies of a packet sent over different links would create diversity gains and hence reliability and/or latency would be improved.
The association between PDCP and RLC for the CA duplication is similar to for split bearers in Dual Connectivity in the sense that a PDCP entity is associated to two RLC entities (one for the MCG and one for the SCG). For CA duplication, it has then been mentioned that there are two duplicates. However, considering the use case for this (URLLC), it may not be sufficient to have only two duplicates since in some scenarios (depending on radio conditions) two duplicates may not be the magic number which ensures reliable and low latency communication. Consider for example a UE is configured with five carriers, then to limit PDCP to only be allowed to generate two duplicates seems like an artificial limitation.
[bookmark: _Toc489627843][bookmark: _Toc490209111]To achieve ultra-reliability and low latency, PDCP duplication with more than two duplicates may be needed.
What it comes down to in supporting two or more duplicates basically is how specifications are written. One can foresee that for CA duplication, a PDCP entity needs to be mapped to RLC entities. And if the specification is written in a generic way, it would be possible to map one PDCP entity to multiple RLC entities so that multiple duplicates can be sent.
One may argue that in Rel-15, RAN2 should settle with only supporting two duplicates and further duplicates can be added in a later release. While this is possible, it may create quite a complicated specification. For example, it can be seen in LTE RRC for Dual Connectivity that it is deeply rooted in the specification that there are at most two cell groups and it would require big changes to the specification to support more than two cell groups in LTE. So, while possible to limit to two duplicates for CA duplication in Rel-15, we think that a lot of headache would be saved if the spec is written to support multiple duplicates, already from Rel-15.
[bookmark: _Toc489627844][bookmark: _Toc490209112]To support two duplicates in Rel-15 and extend to multiple duplicates in a later release may result in big specification complexity.
For downlink, we do not think there is much specification impact of supporting two versus supporting a generic number of duplicates. Basically, it is up to gNB implementation to decide how many duplicates to generate.
For uplink, it would be visible in the specification though. However, if the spec is written in the right way there would not be any significant additional complexity to support multiple duplicates versus supporting only two duplicates. As argued above, it basically comes down to how the specification is written. For example, RRC should support mapping a PDCP entity to multiple RLC entities so that duplicates are created for each of them. Note though that we do not propose to support multiple duplicates per carrier. 
Of course, there may be scenarios where for some reason it may not be wanted to create too many duplicates. For example, due to power limitation it may be preferred to only have a few duplicates (if any at all). But it is of course up to the gNB to decide how many duplicates are configured and on which carriers they will be sent. What we propose here is simply to write the specification in a generic way allowing the gNB to configure more than two duplicates.
[bookmark: _Toc489627845][bookmark: _Toc490209113]Multiple duplicates can be supported by writing the specification in a generic way.

[bookmark: _Toc489627848][bookmark: _Toc489966343][bookmark: _Toc490139743][bookmark: _Toc490143426][bookmark: _Toc490209116]For CA duplication, in both UL and DL, PDCP can generate one duplicate per associated RLC entity (for which transmission is mapped with LCP restriction to different carriers). Specification text should not preclude usage of more than two duplicates.
Conclusion
In section 2 we made the following observations:
Observation 1	To achieve ultra-reliability and low latency, PDCP duplication with more than two duplicates may be needed.
Observation 2	To support two duplicates in Rel-15 and extend to multiple duplicates in a later release may result in big specification complexity.
Observation 3	Multiple duplicates can be supported by writing the specification in a generic way.

Based on the discussion in section 2 we propose the following:
Proposal 1	Duplication control on PDCP is aligned among duplication in DC and CA.
Proposal 2	Initial state of UL PDCP duplication can be signalled by RRC (for DC and CA).
Proposal 3	For CA duplication, in both UL and DL, PDCP can generate one duplicate per associated RLC entity (for which transmission is mapped with LCP restriction to different carriers). Specification text should not preclude usage of more than two duplicates.
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