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Introduction
In last RAN3 meetings, some issues for packet duplication were discussed. And the following proposals [1]were agreed:
Packet duplication is regarded as an effective feature to meet the reliability requirements for URLLC services but at the cost of radio resources. Hence it is important to support efficient downlink packet duplication from a RAN architecture perspective. The current Rel-15 packet duplication functionality should be taken as the baseline. Optimizations to improve resource efficiency (e.g. Selective PDCP duplication upon transmission failure, PDCP discarding, Effective PDCP duplication) are discussed without full evaluation. Potential enhancements may be possible.
The contribution focuses on duplication activation/deactivation efficiency issue and provides corresponding analysis and proposals.
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Discussion
The method of UL PDCP duplication activation and deactivation state as following in TS 38.321:
6.1.3.11          Duplication Activation/Deactivation MAC CE

The Duplication Activation/Deactivation MAC CE of one octet is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-1.
And the following description is from TS 38.323:
When submitting a PDCP PDU to lower layer, the transmitting PDCP entity shall:

-     if the transmitting PDCP entity is associated with one RLC entity:

-     submit the PDCP PDU to the associated RLC entity;

-     else, if the transmitting PDCP entity is associated with two RLC entities:
-     if the PDCP duplication is activated:
-     if the PDCP PDU is a PDCP Data PDU:

-     duplicate the PDCP Data PDU and submit the PDCP Data PDU to both associated RLC entities;

-     else:

-     submit the PDCP Control PDU to the primary RLC entity;

-     else:
-     if the two associated RLC entities belong to the different Cell Groups; and

-     if the total amount of PDCP data volume and RLC data volume pending for initial transmission (as specified in TS 38.322 [5]) in the two associated RLC entities is equal to or larger than ul-DataSplitThreshold:

-     submit the PDCP PDU to either the primary RLC entity or the secondary RLC entity;
According to these descriptions, for DC based duplication, primary leg can always transmit PDCP PDUs, both primary leg and secondary leg can trigger activation or deactivation of PDCP duplication via MAC CE for UL data. and once de-activated the duplication DRB will fall back to split bearer operation. It also means that, unless explicitly indicated, the corresponding leg is unable to know whether or not to activate duplication operation only through data transmission.
Based on above analysis, when activation/deactivation operation via MAC CE is carried out, there would be signalling redundant or error operation issues between two legs. 

Case 1：

Assuming that the duplication of certain DRB is initially configured to deactivated by RRC reconfiguration message, then if primary Leg signals duplication activation indicator to UE via MAC CE, since secondary leg does not know this information, it might send repeat duplication activation indicator to the UE. In this case signalling redundancy issue will occur.
At this time, the secondary leg is basically blind. So this case makes it meaningless to allow two nodes to activate / deactivate duplication operation separately.
Observation 1: If one leg does not know the information sent by other leg, signalling redundancy issue is easy to happen.
Case 2：

Another bad case is that since the activation / deactivation state of MCG leg and SCG leg is inconsistent, then it is possible that MAC CE indication from both legs are conflicting each other.
At this time, the two legs are out of sync in terms of duplication state, and it might lead to confusion in UE handling.
Observation 2: If the activation/deactivation state of primary leg and secondary leg is inconsistent, error operation might occurs, and it might lead to confusion in UE handling.
With the further study of IIOT WID [2], this problem is expected to be solved. So it seems beneficial to introduce some assistant information over Xn / F1 interface to make both nodes know the state of duplication. One direct solution is for two nodes to interact with such operational information, if the PDCP entity passes the duplication status for the DRB to another leg again, then information exchange between the two nodes is accomplished. Both Control plane solution and User Plane solution can be used. Here state one User plane solution for study. 
Proposal 1: Two nodes may exchange the activation/deactivation operation information for the PDCP duplication status sync.

Proposal 2: Both control plane solution and User Plane solution can be used for the information exchange.

The user plane solution corresponding modifications for TS 38.425 can refer to the following:
5.5.2.1 DL USER DATA (PDU Type 0)

This frame format is defined to allow the corresponding node to detect lost NR-U packets and is associated with the transfer of a Downlink NR PDCP PDU.

The following shows the respective DL USER DATA frame.

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=0)
	Duplication Activation flag 
	DL Discard Blocks
	DL Flush
	Report polling
	1

	Spare
	Report Delivered
	User data existence flag
	Assistance Info. Report Polling Flag
	Retransmission flag
	1

	NR-U Sequence Number
	3

	DL discard NR PDCP PDU SN
	0 or 3

	DL discard Number of blocks
	0 or 1

	DL discard NR PDCP PDU SN start (first block)
	0 or 3

	Discarded Block size (first block)
	0 or 1

	…
	

	DL discard NR PDCP PDU SN start (last block)
	0 or 3

	Discarded Block size (last block)
	0 or 1

	DL report NR PDCP PDU SN
	0 or 3

	Padding
	0-3



Figure 5.5.2.1-1: DL USER DATA (PDU Type 0) Format
5.5.2.3 ASSISTANCE INFORMATION DATA (PDU Type 2)

This frame format is defined to allow the node hosting the NR PDCP entity to receive assistance information.

The following shows the respective ASSISTANCE INFORMATION DATA frame.

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=2)
	PDCP Dupl. Ind. 
	Assistance Info. Ind.
	Duplication Activation flag 
	Spare
	1

	Spare
	PDCP Duplication Activation Suggestion 
	1

	Number of Assistance Information Fields
	0 or 1

	Assistance Information Type
	0 or  (2*Number of Assistance Info Fields  + sum of Number of octets for Radio Quality Assistance Information Fields)

	Number of octets for Radio Quality Assistance Information Fields
	

	Radio Quality Assistance Information
	


According to above description, the effort for specification is small, it is therefore proposed for RAN3 to support the solution to improve efficiency of PDCP activation / deactivation.
Proposal 3: To support the solution to improve efficiency of UL PDCP duplication activation / deactivation.
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Conclusion

In the present contribution we make the following observations and proposal:

Observation 1: If one leg does not know the information sent by other leg, signaling redundancy issue is easy to happen.
Observation 2: If the activation / deactivation state of primary leg and secondary leg is inconsistent, error operation might occurs, and it might lead to confusion in UE handling.
Proposal 1: Two nodes may exchange the activation/deactivation operation information for the PDCP duplication status sync.

Proposal 2: Both control plane solution and User Plane solution can be used for the information exchange.

Proposal 3: To support the solution to improve efficiency of UL PDCP duplication activation / deactivation.
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