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[bookmark: _Ref503084135][bookmark: OLE_LINK27][bookmark: OLE_LINK28]Introduction
Packet duplication was introduced for NR during the study item, where it was agreed to be implemented in the PDCP sub-layer, associated with two independent RLC entities. As a result, the main aspect of the duplication captured in the PDCP TS [1] is related to the duplication operation in the data plane. In RAN2#99, it was agreed to address DC duplication under the split bearer umbrella:
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.  
Then, although the duplication topic was not further discussed during the last two RAN2 meetings (#99bis/100) to focus on completing Rel15 phase 1, some decisions were made on the split bearer that also simplify the handling of the duplication function in PDCP:
RAN2#100: Agreements [CBF]
1. For split bearers, instead of ul-DataSplitDRB-ViaSCG, use generic nameprimaryPath to indicate the preferred RLC entity.   The RLC entities can be in the same cell group or different cell groups. A RLC type IE is not needed.  The presence of the IE primaryPath is sufficient.  
2. For split bearers, call the MAC entity as “MAC entity associated with primary/secondary RLC”.
3. For split bearers, use infinity value of ul-DataSplitThreshold to realize UL path restriction
Specifically, the above use of generic terms primary/secondary allowed capturing the duplication feature in the PDCP transmitter without distinguishing between DC and CA duplication with the following text:
 (
When submitting a PDCP Data PDU to lower layer, the 
transmitting PDCP entity
 shall
:
-
if the transmitting PDCP entity is associated with one RLC entity:
-
submit the PDCP Data PDU to the associated RLC entity;
-
else, if the transmitting PDCP entity is associated 
with two RLC entities
:
-
if 
pdcpD
uplication
 is configured and 
activated:
-
duplicate the PDCP Data PDU and submit the PDCP Data PDU to both associated RLC entities;
-
else, if 
pdcpD
uplication
 is configured but not 
activated
:
-
submit the PDCP Data PDU to the 
primary
 RLC entity;
-
else:
-
if the total amount of PDCP data volume and RLC data volume pending for initial transmission (as specified in TS 36.322 [5]) in the two associated RLC entities is less than 
ul-DataSplitThreshold
:
-
submit the PDCP Data PDU to the 
primary
 RLC entity;
-
else:
-
submit the PDCP Data PDU to either the 
primary
 RLC entity or the 
secondary
 RLC entity.
)
From the above, PDCP transmitter only cares if it is associated with two RLC entities, not if they are from different or same CG.
However, duplication still has some further outstanding issues on the PDCP which we address in this contribution, namely:
· Configuration of the initial state
· UE behavior upon duplication activation;
· Data volume calculation;
· UE behavior upon acknowledged PDCP PDU in either leg;
Discussion
Initial state
In RAN2#AD HOC6, it was agreed that MAC CE will be used to activate/deactivate PDCP duplication. 
Agreements:
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]1:	MAC CE enables per DRB control of activation/deactivation of packet duplication for DRBs with packet duplication configured by RRC.

In RAN2#98, it was agreed that RRC will be used to configure the PDCP duplication, but the initial state and whether the initial state can be signalled is FFS. 
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.

Form the above agreements, we can see that the configuration and activation/de-activation of PDCP duplication is very much like the association of RRC and MAC in carrier aggregation. In CA, it is RRC who provides configuration and MAC CE activates/de-activation CA. So there are three options to address 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 signaled by RRC:
Option 1: PDCP duplication is deactivated as default configuration by RRC
Option 2:PDCP duplication is activated as default configuration by RRC
Option 3: the initial state is signaled by RRC
Option 3 is likely the combination of option 1 and option 2. Some of the URLLC services need the PDCP duplication available as soon as the PDCP duplication is configured. Therefore in this scenario, MAC CE activation brings unnecessary delay. However not all the duplication scenarios require PDCP duplication available as soon as the PDCP duplication is configured. PDCP duplication may be configured but only activated when the gNB estimates it becomes necessary. So we think the initial state of duplication should be configured by RRC.
Proposal 1: The initial state of duplication is signalled by RRC. 
[bookmark: _GoBack]UE behavior upon duplication activation
At duplication activation, the baseline behavior is that PDCP duplicates the very next PDCP PDU it submits to lower layers. However PDCP PDU processing is non-real-time and, as mentioned above, it is left to implementation how many SDUs PDCP processes in advance for RLC, if not all available. Therefore, given the activation/de-activation was given to MAC to enable a tight control, it makes sense that upon reception of an activation MAC CE, all pending data for transmission of the relevant logical channels start being duplicated. In principle, this should mean all newly produced PDCP PDUs, but also all pending RLC data of the primary RLC. As shown in Figure 1, such “RLC data” is made of both RLC SDUs and pre-processed RLC PDUs. Since the latter have already been assigned an RLC SN, it can be left to UE implementation to duplicate, via re-assigning an SN, such PDUs to the secondary RLC entity, but this should be transparent to (not captured in) the specification. Unlike for pre-processed RLC PDUs, it can be straightforward to duplicate pending RLC SDUs from the primary leg input buffer to the secondary leg input buffer. However, even though it reduces to a simple operation from implementation perspective, this would require, if captured in the specification, to formalize some communication between RLC entities and to let RLC support the duplication feature, at least for those pending SDUs. As a result, for the sake of keeping a clear and simple L2 stack model, we prefer not to capture this RLC SDU duplication in the specification and stick to duplicating “the PDCP Data PDUs that have not been submitted to lower layers”.


[bookmark: _Ref503097884]Figure 1: UE behaviour upon duplication activation
Proposal 2: Upon duplication activation by MAC, all pending data for transmission of the relevant logical channels start being duplicated, including all newly produced PDCP PDUs and pending PDCP Data PDUs that have not been submitted to lower layers.
On the other hand, as mentioned above, it should be straightforward for a UE to implement the RLC SDU duplication and transfer to the other RLC entity buffer, which would also contribute to improve the performance since more pending data is being duplicated. Therefore a note should be added to allow such implementation.
Proposal 3: Normalization text shall not capture that, upon duplication activation, pending RLC SDUs of the primary RLC entity should be duplicated to the secondary RLC entity, but a note should clarify this can be left to UE implementation.
[bookmark: _Ref503110597]Data volume calculation
Since duplication is not yet supported in the phase 1 of Rel 15 specifications, the current procedure for data volume calculation is restricted to the split bearer case, when the PDCP is associated with two RLC entities [1]:
 (
5.6
Data volume calculation
[…]
If the transmitting PDCP entity is associated with two RLC entities, when indicating the PDCP data volume to a MAC 
entity for BSR triggering and Buffer Size calculation (as specified in TS 36.321 [4])
, the UE shall:
-
if the total amount of PDCP data volume and RLC data volume pending for initial transmission (as specified in TS 36.322 [5]) in the two associated RLC entities is less than 
ul-DataSplitThreshold
:
-
indicate the PDCP data volume to the MAC entity associated with the primary RLC entity;
-
indicate the PDCP data volume as 0 to the MAC entity associated with the secondary RLC entity;
-
else:
-
indicate the PDCP data volume to 
both the 
MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity.
)
Since, when activated, duplication ignores the ul-DataSplitThreshold, it is clear that the above procedure requires an additional conditional statement to address the case where duplication is configured and activated, with different statements depending on whether the primary and secondary RLC entities are associated to the same (CA) or different (DC) MAC entities. This can be captured with the following text addition (in red):
 (
5.6
Data volume calculation
[…]
If the transmitting
 PDCP entity is associated with two RLC entities, when indicating the PDCP data volume to a MAC 
entity for BSR triggering and Buffer Size calculation (as specified in TS 36.321 [4])
, the UE shall:
-
if 
pdcpD
uplication
 is configured and 
activated:
-
if 
the primary RLC entity and the secondary RLC entity are associated to different MAC entities:
-   
indicate the PDCP data volume to 
both the 
MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity.
-    else:
-   
indicate the PDCP data volume to 
the 
MAC entity associated with both the primary and secondary RLC entities.
-
else
 if the total amount of PDCP data volume and RLC data volume pending for initial transmission (as specified in TS 36.322 [5]) in the two associated RLC entities is less than 
ul-DataSplitThreshold
:
-
indicate the PDCP data volume to the MAC entity associated with the primary RLC entity;
-
indicate the PDCP data volume as 0 to the MAC entity associated with the secondary RLC entity;
-
else:
-
indicate the PDCP data volume to 
both the 
MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity.
)
Proposal 4: The PDCP data volume calculation should be upgraded to account for the case where duplication is configured and activated, per the above text proposal.
UE behavior upon acknowledged PDCP PDU
In a typical PDCP duplication operation procedure, the PDCP entity delivers a PDCP PDU to RLC entities of both primary and secondary legs. It is then possible that, for example, the primary leg is granted and transmits a PDCP PDU while the secondary RLC entity has not yet transmitted the duplicated copy due to a lack of grant. Then, the PDCP PDU transmitted in the primary leg is acknowledged by RLC status report or HARQ ACK even ahead of the transmission of its duplicated copy in the secondary leg. Clearly in this case, the PDCP transmitter can be made aware by implementation of the successful reception of the PDU. UE should then stop the transmission of the duplicated PDCP PDU and discard it in the other leg. This will avoid both RLC Tx buffer overflow and useless transmissions. At first glance, such monitoring of successful SDUs and resulting discard can be left to UE implementation (e.g. as mentioned above based on ARQ or HARQ feedback). However, since the RLC specification now clearly includes all pre-processed SDUs and PDUs to be accounted as data volume for BSR, leaving the discard process to UE implementation will result in different UEs providing different buffer status reports in same load and radio conditions, which is not fair. As a result, discarding of RLC SDUs in one RLC entity upon successful reception of the associated PDCP PDU via the other RLC entity must be captured in the specification rather than left to UE implementation.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Proposal 5: When a PDCP PDU has been acknowledged by either RLC status or HARQ ACK in one RLC entity, the UE should stop the transmission of the duplicated PDCP PDU and discard the associated RLC SDU if still pending in the other RLC entity.

Conclusion 
This paper discusses some open issues in the procedure of the operation of PDCP duplication, resulting in the following proposals:
Proposal 1: The initial state of duplication is signalled by RRC. 
Proposal 2: Upon duplication activation by MAC, all pending data for transmission of the relevant logical channels start being duplicated, including all newly produced PDCP PDUs and pending PDCP Data PDUs that have not been submitted to lower layers.
Proposal 3: Normalization text shall not capture that, upon duplication activation, pending RLC SDUs of the primary RLC entity should be duplicated to the secondary RLC entity, but a note should clarify this can be left to UE implementation. 
Proposal 4: The PDCP data volume calculation should be upgraded to account for the case where duplication is configured and activated, per the text proposal of Section 2.3.
Proposal 5: When a PDCP PDU has been acknowledged by either RLC status or HARQ ACK in one RLC entity, the UE should stop the transmission of the duplicated PDCP PDU and discard the associated RLC SDU if still pending in the other RLC entity.
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