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[bookmark: _Ref503084135][bookmark: OLE_LINK27][bookmark: OLE_LINK28]Introduction
In RAN#NR AH1801 meeting, PDCP duplication issue was discussed and we have the following agreement:

Agreements:
1. Upon packet duplication activation, only PDCP SDUs/PDUs not submitted to lower layers are duplicated.  
2. Baseline is that packed duplication is support for data PDUs
3. For packet duplication, when to submit PDCP PDUs to lower layers is up to UE implementation.  FFS on UE behaviour when duplication is deactivated and what PDCP data volume is used.  
4. After packet duplication is activated, for DC duplication, PDCP data volume is indicated to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity
5. After packet duplication is activated, for CA duplication, PDCP data volume is included in both the LCG associated with the primary RLC entity and the LCG associated with the secondary RLC entity.  
6. Packet duplication does not impact RLC data volume
7. The UE shall discard packets that have been acknowledged by RLC in the other RLC leg.   PDCP should indicate to the other associated RLC entity to discard the corresponding PDCP PDU.  RLC procedures and PDCP discard procedures are not impacted by this agreement.
8. [bookmark: OLE_LINK6][bookmark: OLE_LINK7]The deactivated RLC entity is not re-established 
9. For CA and DC upon deactivation of PDCP data duplication, the UE transmitting PDCP entity should indicate to lower layers to discard all PDCP PDUs provided for duplicate transmission to the secondary RLC entity  
10. When configuring duplication, RRC can also set the initial state (active or inactive) for DRBs.
11. If SRB is configured to use duplication, thestate is always active
12. FFS Duplication is supported for SRBs for CA

How UE behave after PDCP duplication is de-activated is FFS. This paper will discuss UE behaviour in this case. 
Discussion
UL grant wastage issue
In DC duplication, the gNB associated with the primary leg can deactivate duplication, and the other gNB is not aware of it. Such deactivation may happen right after the MAC entity associated with the secondary leg sent a BSR requesting for large grant(s) in support of a potentially large amount of data to duplicate in the secondary leg. In this case, UE discards all pending RLC PDUs in the secondary leg and stops duplicating PDUs, but the gNB serving the secondary leg will keep on delivering the requested (large) grants, which are wasted until it receives a padding BSR updating it to the new buffer status. 
Note that similar issue won’t happen in CA duplication because there is only one MAC entity on both network and UE side, and both are aware of the de-activation of the secondary leg. So after the duplication is de-activated, the MAC entity in UE side can use the UL grant of the deactivated leg to transmit the data of the primary leg. On the other hand, gNB can prevent that from happening by not allocating UL grant for the logical channel which will be de-activated soon.
Observation 1: In DC duplication, after the PDCP duplication is deactivated, large UL grant(s) in the secondary leg can be wasted. 
To recycle the wasted UL grant in the secondary leg, UE may send a new BSR before the UL grant arrives, to quickly update the serving gNB. In this BSR, buffer size would be 0, or very few buffer size just enough to cover the RLC retransmission buffer. 
Proposal 1: In DC duplication, after the PDCP duplication is deactivated, the MAC entity of the secondary leg should trigger a BSR to update the serving gNB on the lower buffer size after deactivation in order not to waste UL grants. 
PDCP volume calculation
During the active period of duplication, PDCP data volume is calculated including the duplicated PDCP PDU in the secondary leg. So after the PDCP duplication is deactivated, duplication PDCP PDU should no longer be calculated in PDCP data volume.
The agreements regarding PDCP data volume calculation when PDCP duplication is active are quite clear:
4. After packet duplication is activated, for DC duplication, PDCP data volume is indicated to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity
5. After packet duplication is activated, for CA duplication, PDCP data volume is included in both the LCG associated with the primary RLC entity and the LCG associated with the secondary RLC entity.

But there is an FFS regarding the PDCP data volume calculation when PDCP duplication is deactivated. In our view this can be straightforwardly derived by the agreement for the “active” case:

Proposal 2: After packet duplication is de-activated, for DC duplication, PDCP data volume is indicated to the MAC entity associated with the primary RLC entity only. 
Proposal 3: After packet duplication is de-activated, for CA duplication, PDCP data volume is included in the LCG associated with the primary RLC entity only.
Conclusion 
This paper discusses some open issues in the procedure of the operation of PDCP duplication, resulting in the following proposals:
Proposal 1: In DC duplication, after the PDCP duplication is deactivated, the MAC entity of the secondary leg should trigger a BSR to update the serving gNB on the lower buffer size after deactivation in order not to waste UL grants.
Proposal 2: After packet duplication is de-activated, for DC duplication, PDCP data volume is indicated to the MAC entity associated with the primary RLC entity only. 
Proposal 3: After packet duplication is de-activated, for CA duplication, PDCP data volume is included in the LCG associated with the primary RLC entity only.
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