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1
Introduction
Currently, packet duplication is discussed mainly focusing on UL duplication in both NR and LTE. Generally, the DL duplication can be left to eNB implementation. In this paper, we will discuss some specific issues of DL duplication.
2
Discussion
As agreed in both LTE and NR, there are two approaches to support packet duplication i.e. DC-based duplication and CA-based duplication. We will discuss the two approaches in following two sections.

2.1
DC-based duplication
In RAN2#99bis [1] meeting, the following agreement was made, which means there will be UE behaviour impact when PDCP duplication is configured.

	Agreement

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


For UL packet duplication, the functionalities of reordering and duplication detection are handled by eNB, which is left to eNB implementation. For DL packet duplication, if the packet duplication is realized by DC, the functionalities of reordering and duplication detection are naturally enabled in DC. Then there is no any impact on UE behaviour for DL packet duplication. Actually, the DL packet duplication can be transparent to UE, which is definitely left to eNB implementation. 
Observation1: the DL packet duplication via DC can be transparent to UE and there is no any impact on UE behaviour.

Proposal1: RAN2 is asked to revisit the agreement “PDCP enables reordering and duplication detection when PDCP duplication is configured” in case of DL packet duplication via DC.
2.2
CA-based duplication
In RAN2#100 [2] meeting, the following agreements were achieved:
	Agreements:

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).


Obviously, the agreements apply for CA at least. It can be found, for UL duplication, there are two RLC transmitting entities in the UE for two different LCHs. For DL duplication, even if CA is configured, it is impossible to support duplication via CA, which is different from DL duplication via DC. Because there are naturally two RLC receiving entities in the UE for DC, but there is only a single RLC receiving entity in the UE for CA. Therefore, in order to support DL duplication via CA, the additional RLC receiving entity needs to be configured in the UE. 
Observation2: It is impossible to support DL duplication via CA if only CA is configured, which is different from DL duplication via DC, as there is only a single RLC receiving entity in the UE for CA.

Proposal2: An additional RLC receiving entity needs to be configured in the UE for DL duplication via CA.

Another issue, different from DL duplication via DC, is that DL duplication via CA cannot be transparent to UE. Besides, in legacy CA, the reordering in PDCP is disabled. However, for DL duplication, the reordering in PDCP should be enabled to handle the out-of-sequence delivery from two RLC receiving entities. For UL duplication, there are configuration and activation steps to realize UL duplication. For DL duplication, the same rule can be used. First the NW configures DL duplication e.g. RLC receiving entities, then the NW activates the DL duplication in order for UE to enable corresponding functionalities e.g. reordering.
Proposal3: The same steps of configuration/activation as in UL duplication apply for DL duplication via CA.

Currently, RAN2 agreed as following that PDCP data duplication for LTE shall assume NR PDCP data duplication as baseline and MAC CE approach will be used for control of UL duplication for LTE and NR correspondingly. Then we can consider another approach to activation of DL duplication via CA.
	Agreements:

PDCP data duplication for LTE shall assume NR PDCP data duplication as baseline.


	Agreements:

=>
MAC CE approach will be used for control of UL duplication. Optimisations to reliability of the MAC CE will not be introduced for this mechanism. No optimisations or additional interactions between network nodes are introduced for this mechanism.


For DL duplication via CA, the duplication operated in eNB is left to implementation. However, the duplicated packets will be delivered to two different RLC entities associated with the same PDCP entity. In the UE side i.e. receiving side, after RLC receiving entities are configured for DL duplication via CA, the UE will receive packets on different RLC entities associated to the same PDCP entity. Once the UE detects that the packets received on different RLC entities are delivered to the same PDCP entity, the UE should be aware that the DL duplication via CA is activated. Actually, this approach is left to UE implementation.
Proposal4: RAN2 is asked to down select an approach for DL duplication via CA in following alternatives:
· Alternative1: MAC CE approach similar to that for UL duplication activation/deactivation;

· Alternative2: UE implementation.
3
Conclusions
This contribution analyzes the DL duplication for both DC and CA cases. First we observed that:

Observation1: the DL packet duplication via DC can be transparent to UE and there is no any impact on UE behaviour.

Observation2: It is impossible to support DL duplication via CA if only CA is configured, which is different from DL duplication via DC, as there is only a single RLC receiving entity in the UE for CA.

Then we proposed as follows:
Proposal1: RAN2 is asked to revisit the agreement “PDCP enables reordering and duplication detection when PDCP duplication is configured” in case of DL packet duplication via DC.
Proposal2: An additional RLC receiving entity needs to be configured in the UE for DL duplication via CA.

Proposal3: The same steps of configuration/activation as in UL duplication apply for DL duplication via CA.

Proposal4: RAN2 is asked to down select an approach for DL duplication via CA in following alternatives:

· Alternative1: MAC CE approach similar to that for UL duplication activation/deactivation;

· Alternative2: UE implementation.
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