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1      Introduction
In this contribution, we discuss PDCP aspects for packet duplication.
2      Discussion
2.1     PDCP operation upon duplication activation
When packet duplication is activated, it is natural that PDCP PDUs not submitted to lower layers and newly received PDCP SDUs will be duplicated. One question is whether to duplicate the PDCP PDUs submitted to lower layers but not yet transmitted.   
As analyzed in [2]
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[3], there is additional complexity if PDUs submitted to lower layers are to be duplicated. There is additional cross-layer interaction and additional book keeping for those PDUs submitted to lower layers. 
The other aspect is that there are very limited number of PDUs submitted to lower layers for the typical use cases of packet duplication. Typically, packet duplication is used for URLLC and SRB. Given that user plane latency requirement is 1 ms for URLLC, there will be very limited number of PDUs in the transmitter buffer. Therefore it should not be difficult to meet the delay/reliability requirement for those pre-processed PDUs during the short transition period after the activation of duplication. Typically SRB is not transmitted frequently and SRB has higher priority over DRB. Therefore there are also very limited number of PDCP PDUs for SRB submitted to lower layers.
In summary, there is no need to duplicate PDCP PDUs submitted to lower layers upon packet duplication activation.
Proposal 1: Upon packet duplication activation, only PDCP SDUs/PDUs not submitted to lower layers are duplicated.
2.2     When to submit duplicated packets to lower layers
When packet duplication is not activated, it is up to UE implementation when to submit PDCP PDUs to lower layers. For example, in some implementations, PDCP PDUs are submitted to lower layers for pre-processing without waiting for the notification from lower layers (i.e. UL grant); while in some implementations, PDCP PDUs are submitted to lower layers only upon notification from lower layers.
It is proposed to apply the same principle for packet duplication case. Specification changes are not needed given that the same principle is applied.
Proposal 2: For packet duplication, when to submit PDCP PDUs to lower layers is up to UE implementation. Specification changes are not needed.
2.3     Data volume calculation
In section 5.6 of TS 38.323 [1], following was captured when PDCP entity is associated with two RLC entities. 

	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.


The above specification text mainly handles split bearer case. For packet duplication, according to Proposal 2 above, it is up to UE implementation when to submit PDCP PDUs to lower layers. To correctly reflect the buffer status, for DC packet duplication, PDCP data volume should be indicated to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity. For CA packet duplication, PDCP data volume should be included in both the LCG associated with the primary RLC entity and the LCG associated with the secondary RLC entity.

Proposal 3: 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. 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.
For RLC data volume, since only PDCP SDUs/PDUs not submitted to lower layers are duplicated (as in Proposal 1), there is no change to the existing RLC data volume definition.
Proposal 4: Packet duplication does not impact RLC data volume.

For PDCP data volume, an example TP to TS 38.323 section 5.6 is shown below for illustration purpose only.

---------------- Start of example TP for TS 38.323 -----------------------------
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 PDCP duplication is not activated, and 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 if PDCP duplication is not activated or if PDCP duplication is activated with the primary RLC entity and the secondary RLC entity belonging to different CGs (DC duplication):
-
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 (CA duplication):
-
indicate the PDCP data volume to both the LCGs associated with the primary RLC entity and the LCG associated with the secondary RLC entity.
---------------- End of example TP for TS 38.323 -----------------------------

3      Conclusion
In this contribution, we discuss PDCP aspects for packet duplication and propose the following:
Proposal 1: Upon packet duplication activation, only PDCP SDUs/PDUs not submitted to lower layers are duplicated.
Proposal 2: For packet duplication, when to submit PDCP PDUs to lower layers is up to UE implementation. Specification changes are not needed.
Proposal 3: 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. 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.
Proposal 4: Packet duplication does not impact RLC data volume.
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