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1
Introduction
In RAN2#99bis and #100 meetings, the following agreements were made on PDCP for PDCP duplication [1] [2]:

	Agreements in RAN2#99bis

1
PDCP data duplication for LTE shall assume NR PDCP data duplication as baseline.
2
RAN2 works on PDCP data duplication for both CA and DC.

3
At least UM bearers are supported for PDCP duplication via CA.

4
PDCP enables reordering and duplication detection when PDCP duplication is configured.

Agreements in RAN2#100

1
The logical channel handling can take the NR’s conclusion as baseline:


Duplicated PDCP PDUs are submitted to two different RLC entities for two different LCH, and the LCH cannot be mapped on the same carrier.


LCP takes into account all the restrictions configured for the logical channels (which include the PDCP data duplication restrictions).

2
Support RLC AM for SRB for packet duplication via DC and CA. FFS the DRB case.

3
Support RLC UM for packet duplication via DC.

4
Apply LTE PDCP to support packet duplication. FFS the necessary changes.
5
Support PDCP reordering for duplication case.


There is an FFS on the necessary changes of PDCP when packet duplication is supported. In this contribution, we will discuss the necessary changes on PDCP for support of PDCP duplication.
2
Discussion
In legacy DC, there is only a single PDCP entity with a single set of functions. And the functions of routing and reordering are extended to the DC case. 
· In the transmission side, the data is processed by the order of 
· sequence numbering, 
· header compression, 
· integrity protection, 
· ciphering 
· routing 
· In the reception side, the data is processed by the order of 
· remove PDCP header, 
· deciphering, 
· integrity verification,
· reordering, 
· header decompression, 

· duplicate discarding 
The overall view of data process is depicted in Annex. For duplication operation, considering PDCP entity will deliver two same packets to two RLC entities, in order to reduce the consumption of the PDCP buffer, in the processing stage, there are only original packets and no duplicated packets. Then all related functions only acts only once for an original packet, which is benefit for reducing power consumption, computing complexity, latency etc. 
Proposal1: PDCP maintains a single set of the functions for duplication operation as legacy LTE.
Then duplication operation in the transmission side is performed either after process of add PDCP header and before routing or when routing. For the former option, the original PDCP PDU and duplicated PDCP PDU are prepared after adding PDCP header and before routing. In the latter option, there is no duplicated PDCP PDU in the PDCP buffer, and the PDCP delivers a PDCP PDU twice to two RLC entities. Obviously, the former option can save the PDCP buffer. However, for the latter option, we wonder its feasibility.
Proposal2: Duplication function is introduced either after process of add PDCP header and before routing or when routing.
In legacy DC, routing function acts based on the configuration of ul-DataSplitThreshold and/or ul-DataSplitDRB-ViaSCG, i.e. either deliver PDCP packets to MCG and SCG or deliver to one CG. Different from the routing function in legacy DC, for duplication operation, PDCP shall always deliver the original packets and the duplicated packets to two RLC entities. That means, the routing function always acts to deliver PDCP packets to two RLC entities in duplication operation.

Proposal3: The routing function always acts to deliver PDCP packets to two RLC entities in duplication operation.

Additionally, legacy DC only supports DRB split therefore routing function is only used for DRBs. For duplication operation, SRBs duplication is agreed to be supported. Then routing function should be used for SRBs too.

Proposal4: The routing function is used for SRBs in duplication operation.
In legacy LTE and non-DC case, reordering function is only used for DRBs mapped on RLC AM in re-establishment procedure as the packets mapped on RLC AM are maintained in re-establishment procedure and will be transmitted again when the connection is recovered. However, for remaining RLC UM packets, due to the latency restriction they will be discarded. Then based on the RLC in-order delivery, there is no out of order packets arriving to PDCP. That is the reordering function is useless. As in DC case, only RLC AM is supported, legacy reordering function can be reused. For PDCP duplication, it has been agreed to support RLC UM. Considering the packets in PDCP are from two legs and out of order is easy to happen. Therefore reordering function should be introduced for DRBs mapped on RLC UM.
Besides, reordering function should be used for SRBs in duplication operation as SRB duplication is supported. After reordering and header decompression operations, generally, duplication detection acts. Similar to reordering function and routing function, duplication detection should also be used for SRBs in duplication operation.

Proposal5: Reordering function is introduced for DRBs mapped on RLC UM for PDCP duplication operation.

Proposal6: Reordering function and duplicate detection is supported for SRBs in duplication operation.
2.3 Duplication for PDCP control PDUs
Currently packet duplication has not been applied to the PDCP control PDU, e.g. PDCP status reports. The PDU usually contains critical information and therefore needs more reliable transmission.  Due to the control PDU may not be necessary for URLLC and may not need to work together with packet duplication, for example, URLLC may not need PDCP level retransmission during handover, and thus PDCP status report may not be critical

Proposal 7: Packet duplication is not applicable to PDCP control PDU.
2.4 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. In our understanding, when PDCP PDUs are submitted to lower layers, the PDCP only takes the corresponding PDCP SDUs and SNs into memory. If PDCP duplicates these PDUs, PDCP either acquires the delivered PDCP PDUs from lower layers or re-generates these PDUs from SDUs, which will introduce additional complexity. The other aspect is that there is very limited number of PDUs having been 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 is also very limited number of PDCP PDUs for SRB submitted to lower layers.In summary, there is no need to duplicate PDCP PDUs having been submitted to lower layers upon packet duplication activation.

Proposal 8: Upon packet duplication activation, only PDCP SDUs/PDUs not submitted to lower layers are duplicated.
2.5 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. In DC, 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. Although in LTE DC, it specified that PDCP PDUs are submitted to lower layers only upon notification from lower layers. However, in the duplication scenario, it is not necessary due to the clear PDCP volume split ratio. 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 9: For packet duplication, when to submit PDCP PDUs to lower layers is up to UE implementation. Specification changes are not needed.
2.6 Data volume calculation

For packet duplication, 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 10: 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 9), there is no change to the existing RLC data volume definition.
Proposal 11: Packet duplication does not impact RLC data volume calculation.

3
Conclusions
In this paper, we analysis the impacts on PDCP layer for PDCP duplication operation, and we get the following proposals:
Proposal1: PDCP maintains a single set of the functions for duplication operation as legacy LTE.
Proposal2: Duplication function is introduced either after process of add PDCP header and before routing or when routing.
Proposal3: The routing function always acts to deliver PDCP packets to two RLC entities in duplication operation.
Proposal4: The routing function is used for SRBs in duplication operation.
Proposal5: Reordering function is introduced for DRBs mapped on RLC UM for PDCP duplication operation.

Proposal6: Reordering function and duplicate detection is supported for SRBs in duplication operation.
Proposal 7: Packet duplication is not applicable to PDCP control PDU.
Proposal 8: Upon packet duplication activation, only PDCP SDUs/PDUs not submitted to lower layers are duplicated.
Proposal 9: For packet duplication, when to submit PDCP PDUs to lower layers is up to UE implementation. Specification changes are not needed.
Proposal 10: 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 11: Packet duplication does not impact RLC data volume calculation.
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Annex
In legacy LTE, PDCP supports the following functions as specified in TS 36.323:

a) header compression  and decompression of IP data flows using the ROHC protocol;

b) transfer of data (user plane or control plane);

c) maintenance of PDCP SNs;

d) in-sequence delivery of upper layer PDUs at re-establishment of lower layers;

e) duplicate elimination of lower layer SDUs at re-establishment of lower layers for radio bearers mapped on RLC AM;

f) ciphering and deciphering of user plane data and control plane data;

g) integrity protection and integrity verification of control plane data;

h) integrity protection and integrity verification of sidelink one-to-one communication data;

i) for RNs, integrity protection and integrity verification of user plane data;

j) timer based discard;

k) duplicate discarding;

l) for split and LWA bearers, routing and reordering.

The overall view of PDCP process is depicted below.
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Figure 4.2.2.1 - PDCP layer, functional view
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