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1 Introduction

In previous RAN2 meetings, there were several discussions on the impact of PDCP duplication to MAC when PDCP duplication is configured and activated. In RAN2 #99 meeting, the following agreements on impact of PDCP duplication to MAC have been made:
Agreements

1.
For DC, when DRB duplication is deactivated via MAC CE, the UE falls back to the split bearer operation.  Once de-activated we rely on split bearer operation and configuration.  

2.
1 byte bitmap could be used as duplication activation/deactivation MAC CE.
3. 
The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s).  
RAN2 #AdHoc 2 meeting made following agreements on the impact of PDCP duplication to MAC:
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 RAN2 #98 meeting, the following agreements on PDCP duplication have been made:
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

In RAN2#101 meeting, the following agreements on duplication impact on MAC have been made:

Agreements

1. For activating PDCP duplication, the current BS calculation doesn’t need to be changed for both CA and DC cases. 

2. FFS Bj is reset when duplication is activated.

3. In case of deactivating PDCP duplication, the current BS calculation doesn’t need to be changed for both CA and DC cases. 

4. As a baseline, no new BSR trigger condition is introduced to support packet duplication.  FFS if there is a problem to address for CA

5. There is no enhancement for PBR execution. For a split bearer, one PBR value is used regardless of whether duplication is activated or deactivated.

6. The UE shall not flush the HARQ buffer when packet duplication is deactivated

7. FFS if duplication MAC CE is de-coupled from SCell deactivation MAC CE.    
8. BWP switching does not impact packet duplication
In this contribution, we will discuss the details for the impact of PDCP duplication on the logical channel prioritization and suggest a text proposal. The other remaining issues will also be discussed in this paper.
2 Discussion

The motivation of PDCP duplication is to improve the reliability of data transmission, and it should be supported in DC case and CA case. To support the duplication functionality, RAN2 has agreed that two RLC entities are created and mapped to two logical channels. RAN2 has also agreed to use MAC CE to activate/deactivate the packet duplication. When DC/CA duplication is configured by RRC for a radio bearer, a secondary RLC entity will be configured and it will be associated with a secondary logical channel in MAC entity. Upon activation of duplication by MAC CE for one radio bearer, the two RLC entities associated with this radio bearer and corresponding logical channels in MAC will be activated. Upon deactivation of PDCP duplication, the secondary RLC and the secondary logical channel in MAC entity will be deactivated. 
In MAC layer, the MAC entity shall maintain a variable Bj for each logical channel j, and the Bj shall be initialized to zero when the logical channel is established. The Bj is incremented by the product Prioritized Bit Rate (PBR) x T with elapsed time T (time) duration since the last updated Bj and will work like the token to allocate the resource for each logical channel j. 
One impact on PDCP duplication is that the Bj will not be consumed after duplication deactivation but will be updated for the deactivated logical channel once new UL grant arrives. If there is a long duration between duplication deactivation and later reactivation, the variable Bj is naturally updated by a very large value of PBR x T considering the time T elapsed since last updated Bj. But the primary logical channel may transmit packets and consume the Bj of primary logical channel normally. Once the duplication is reactivated, it will cause large imbalance Bj for the primary and secondary logical channel for the ongoing duplication transmission. 
The simplest solution to resolve this issue is upon reactivation of duplication, UE reset the Bj of the secondary logical channel associated with the activated duplication bearer to 0 after the potential large PBR x T update. In this way, the activated secondary logical channel will simply work as the secondary logical channel is newly added in MAC entity (i.e. initialize Bj for logical channel to zero). 
Proposal 1: When DC/CA duplication is activated, MAC resets the Bj of the secondary logical channel associated with the activated duplication bearer to 0 if the logical channel is currently deactivated.
With above analysis, we made an attempt to make an update to capture the additional Bj reset with activation of PDCP duplication, as shown in the Annex. 
Proposal 2: RAN2 adopts the text proposal in Annex.
Normally, when packet duplication is going to be activated, network should activate at least one SCell mapped to the secondary logical channel. Furthermore, gNB should deactivate the packet duplication before all the cells mapped to the secondary logical channel are about to be deactivated.

Observation 1: Normally gNB should deactivate the duplication before all the cells mapped to the secondary logical channel are about to be deactivated.
There may be one scenario that all the cells which the secondary logical channel corresponding to the duplicated DRB can be mapped to are deactivated but packet duplication is still activated. This scenario could happen if the SCells are deactivated due to timer expiry (i.e. sCellDeactivationTimer timer) or SCells activation/deactivation command is out-of-sync for network and UE. 
In our understanding, this scenario should be an error handling case for network side. In nature, when all cells mapped to the secondary logical channel are no longer available, there should be no grant for this logical channel and the secondary logical channel will not transmit data any more. In this case, UE naturally stops the transmission on the secondary logical channel.
Observation 2: When packet duplication is activated while SCell is deactivated and all cells mapped to the secondary logical channel is no longer available, UE naturally stops the transmission on the secondary logical channel.

After the SCell is deactivated and UE stops transmission on the secondary logical channel, the duplicated PDCP PDUs and RLC packets are stored in the secondary RLC. In this case gNB could indicate UE to discard the packet or re-establish the secondary RLC before SCell is reactivated. Once the SCell is reactivated, the secondary RLC can continue to transmit the remaining RLC packets. So, no special action is required for the UE in the case that packet duplication is activated while SCell is deactivated.
Observation 3: When packet duplication is activated while SCell is deactivated and all cells mapped to the secondary logical channel is no longer available, gNB can indicate UE to discard or re-establish secondary RLC before SCell is reactivated.

Proposal 3: Duplication activation/deactivation and SCell activation/deactivation are independent from each other. No special action is required for the case that packet duplication is activated while SCell is deactivated.

3 Summary
Based on the above discussions, we recommend RAN2 to discusses the following proposal:

Observation 1: Normally gNB should deactivate the duplication before all the cells mapped to the secondary logical channel are about to be deactivated.

Observation 2: When packet duplication is activated while SCell is deactivated and all cells mapped to the secondary logical channel is no longer available, UE naturally stops the transmission on the secondary logical channel.

Observation 3: When packet duplication is activated while SCell is deactivated and all cells mapped to the secondary logical channel is no longer available, gNB can indicate UE to discard or re-establish secondary RLC before SCell is reactivated.

Proposal 1: When DC/CA duplication is activated, MAC resets the Bj of the secondary logical channel associated with the activated duplication bearer to 0 if the logical channel is currently deactivated.
Proposal 2: RAN2 adopts the text proposal in Annex.

Proposal 3: Duplication activation/deactivation and SCell activation/deactivation are independent from each other. No special action is required for the case that packet duplication is activated while SCell is deactivated.

4 Reference

5 Annex

5.10 Activation/Deactivation of PDCP duplication
If one or more DRBs are configured with PDCP duplication, the network may activate and deactivate the PDCP duplication for the configured DRB(s).

The PDCP duplication for the configured DRB(s) is activated and deactivated by:

-
receiving the Duplication Activation/Deactivation MAC CE described in subclause 6.1.3.11.
The MAC entity shall for each DRB configured with duplication:
1>
if a Duplication Activation/Deactivation MAC CE is received activating the PDCP duplication of the DRB:

2>
indicate the activation of PDCP duplication of the DRB to upper layers;

2>
apply the allowedServingCells to the logical channels of the DRB.
2>
initialize Bj associated with the secondary logical channel in the DRB to zero if the logical channel is currently deactivated.
1>
if a Duplication Activation/Deactivation MAC CE is received deactivating the PDCP duplication of the DRB:

2>
indicate the deactivation of PDCP duplication of the DRB to upper layers;

2>
not apply the allowedServingCells to the logical channels of the DRB.

Editor's Note: PDCP duplication is not complete and is targeted for completion in June 2018.

