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1. Introduction
Last RAN3#107-e discussed the Dynamic Control of UL duplication with the summary paper in [1], based on the LS from RAN2.  
	In light of this, RAN2 made the following agreement:
•	Network coordination is beneficial for PDCP duplication in the uplink in NR-DC/CA architectures.
RAN2 would like to request RAN3 to take the above agreement into consideration.



In this document we analyse how to support the uplink network coordination for the multi-connectivity cases. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 The need of UL network cooperation
Generally, the full network cooperation to support the uplink PDCP duplication is not a good approach. For example, the full coordination (i.e. to exchange the exact MAC CEs in between) may deteriorate the URLLC performances due to the backhaul latency.  
Observation 1:	 The full cooperation (i.e. to exchange the exact MAC CEs in between) may deteriorate the URLLC performance instead. 

Currently, to assist the DL PDCP duplication, the corresponding node may send the Radio Quality Assistance Information and/or the PDCP duplication activation suggestion to the node hosting the NR PDCP entity for the concerned data radio bearer.
Hence a similar approach can be proposed for UL, where some assistance information and/or suggestion can be exchanged between the peer nodes.  
· For dual-connectivity case, the MN and SN can exchange the UL assistance information/suggestion.
· For CU/DU split case, the two DUs can exchange the UL assistance information/suggestion via the CU. 

2.2 The mechanisms for UL network cooperation
 [image: ]
Figure 1 PDCP duplication for NR DC scenario
· Case 1: the corresponding node CG2 sends UL suggestion information per RLC entity to CG1
In Figure1, the CG2 can send the RLC entity specific UL suggestion information and the corresponding LCH ID to CG1. Then the peer CG1 node can correctly determine the suggestion information for those RLC entities of the CG2 node. 

[image: ]
Figure 2 PDCP duplication for NR DC scenario
· Case 2: the hosting node CG1 send UL assistance information per RLC entity to CG2
The CG1 can also send the RLC entity specific UL suggestion information and the corresponding LCH ID to CG2. Then the peer CG2 node can correctly determine the suggestion information for those RLC entities of the CG1 node. 
Note that as excerpted below the PDCP Duplication activation suggestion can be reused for the enhanced UL duplication. This means, only a new indicator to indicate per RLC is needed in PDU type 2. 
	5.5.3.36	PDCP Duplication Activation Suggestion 
Description: This parameter indicates the suggestion given by the corresponding node on whether PDCP duplication should be activated or not.
Value range: {0= Do not duplicate, 1= Duplicate}.
Field length: 1 bit.


Proposal 1: Add the UL PDCP Dupl. Ind. per RLC and LCH ID in the ASSISTANCE INFORMATION DATA in the ASSISTANCE INFORMATION DATA (PDU Type 2). 

In addition, if the CG1 is CU/DU split architecture, this information for the PDCP Duplication Activation Suggestion per RLC needs to be included in the PDU Type 0 from the CU to the DU upon reception from the CG1. 
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Figure 3 PDCP duplication for NR DC scenario and CU/DU split
Proposal 2:  Add the UL PDCP Duplication Activation Suggestion and LCH ID in the DL USER DATA (PDU Type 0). 

[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we propose the following:
[bookmark: _Toc423020280]Observation 1:	 The full cooperation (i.e. to exchange the exact MAC CEs in between) may deteriorate the URLLC performance instead. 
Proposal 1: Add the UL PDCP Dupl. Ind. per RLC and LCH ID in the ASSISTANCE INFORMATION DATA in the ASSISTANCE INFORMATION DATA (PDU Type 2). 
Proposal 2:  Add the UL PDCP Duplication Activation Suggestion and LCH ID in the DL USER DATA (PDU Type 0). 
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[bookmark: _Toc13919460]5.4.3	Transfer of Assistance Information
[bookmark: _Toc13919461]5.4.3.1	Successful operation
<Unchanged Text Omitted>
The ASSISTANCE INFORMATION DATA frame may include the PDCP Duplication Activation Suggestion for downlink, which informs the node hosting the NR PDCP entity of the suggestion from the corresponding node on whether to activate or not activate DL PDCP duplication. The node hosting the NR PDCP entity may take this information into account to take a decision on whether to activate or not activate PDCP duplication for downlink. 
The ASSISTANCE INFORMATION DATA frame may include the PDCP Duplication Activation Suggestion for uplink, which informs the node hosting the NR PDCP entity of the suggestion from the corresponding node on whether to activate or not activate UL PDCP duplication for the corresponding LCH ID. The node hosting the NR PDCP entity may take this information into account to take a decision on whether to activate or not activate UL PDCP duplication for the corresponding LCH ID.

<Unchanged Text Omitted>
[bookmark: _Toc13919465]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)
	Spare 
	DL Discard Blocks
	DL Flush
	Report polling
	1

	Spare

	UL PDCP Dupl. Ind. Per RLC
	[bookmark: OLE_LINK23]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

	UL PDCP Duplication Activation Suggestion
	0 or 1

	LCH ID
	0 or 1

	Padding
	0-3



Figure 5.5.2.1-1: DL USER DATA (PDU Type 0) Format

<Unchanged Text Omitted>
[bookmark: _Toc13919467]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.
	UL Delay Ind.
	DL Delay Ind.
	1

	Spare
	UL PDCP Dupl. Ind. per RLC entity
	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
	

	UL Delay DU Result
	0 or 4

	DL Delay DU Result
	0 or 4

	LCH ID
	0 or 1



Figure 5.5.2.3-1: ASSISTANCE INFORMATION DATA (PDU Type 2) Format
[bookmark: _Toc13919509]<Unchanged Text Omitted>

[bookmark: _Toc13919500][bookmark: _Toc13919501]5.5.3.X	UL PDCP Duplication Indication per RLC entity
Description: This field indicates the presence of the UL PDCP Duplication Activation Suggestion and the LCH ID. 
Value range: {0= PDCP Duplication Activation Suggestion and LCH ID not present, 1= PDCP Duplication Activation Suggestion and LCH ID present}.
Field length: 1 bit.

5.5.3.Y	LCH ID 
Description: This field indicates the logical channel for the corresponding RLC. 
Value range: {1..25}.
Field length: 6 bit.
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