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1 Introduction
RAN2 sent LS R2-1916576 on ‘Network Coordination for UL PDCP Duplication’ and description section from the LS is copied below:

	For uplink PDCP duplication enhancement, RAN2 has decided to support up to 4 legs for a DRB with possibility of DC+CA architecture, wherein the 4 legs configured for a DRB could be distributed across both MCG and SCG, so the number of RLC entities corresponding to one CG could be 1, 2, or 3 under this framework.

Additionally, RAN2 has also agreed to introduce a new MAC control element (MAC CE) that allows the network to dynamically control the activation state of up to 3 RLC entities configured for a DRB, that are distributed across two nodes in cases of DC+CA architecture. Therefore, for a gNB to construct and issue such MAC CE in such situations, some information exchange relating to the RLC entities between the two gNBs may be needed, especially when the other gNB has 2 or more RLC entities for this DRB.

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. 


Some useful observations from the above LS excerpt are given below.

Observation 1: Rel-16 uplink PDCP duplication supports up to 4 RLC entities for a DRB with possibility of DC+CA architecture, where the 4 RLC entities could be distributed across MCG and SCG.

Observation 2: A new MAC CE has been introduced that allows the network to dynamically control the activation state of up to 3 RLC entities configured for a DRB (except for primary RLC entity) that are distributed across two nodes in cases of DC+CA architecture.
The text in parenthesis above is due to RAN2 agreement below saying primary RLC entity cannot be deactivated:
	· The primary path should not be de-activated for data PDUs. 


Following is an observation on RAN2 view that may have RAN3 impacts.

Observation 3: RAN2 views that network coordination is beneficial for uplink PDCP duplication for NR-DC/CA architectures.
The latest endorsed running CR (R2-1916352) for TS 38.321 specifies the new MAC CE mentioned above as follows:

	6.1.3.Y
Duplication RLC Activation/Deactivation MAC CE
The Duplication RLC Activation/Deactivation MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-1. It has a fixed size and consists of a single octet defined as follows (Figure 6.1.3.Y-1). 
· DRBdup Index: This field indicates the DRB for which the MAC CE applies. The value of this field is the ascending order of the DRB ID among the DRBs configured with PDCP duplication and with RLC entity(ies) associated with this MAC entity.
· RLCi: This field indicates the activation/deactivation status of PDCP duplication for the RLC entity i where i is ascending order of logical channel ID of secondary RLC entities in the order of MCG and SCG, for the DRB. The RLCi field is set to 1 to indicate that the PDCP duplication for the RLC entity i shall be activated. The RLCi field is set to 0 to indicate that the PDCP duplication for the RLC entity i shall be deactivated.
· R: reserved bit, set to 0.
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Figure 6.1.3.Y-1: Duplication RLC Activation/Deactivation MAC CE
Editor’s Note: It is assumed that index i for RLCi field is determined by ascending order of logical channel ID of secondary RLC entities in MCG and SCG. But it may need a confirmation.

Editor’s Note: How the ON/OFF of PDCP duplication is signalled is FFS. It may be specified in PDCP specification.

Editor’s Note: It is FFS whether full DRB ID is included in the MAC CE, instead of DRBdup Index.


2 Discussion
As noted in observation 3, RAN2 views that network coordination is beneficial for uplink PDCP duplication for NR-DC/CA architectures. We discuss how network coordination can be performed to improve uplink PDCP duplication.
2.1 Network coordination based on number of active legs

It may be desirable to ensure that a minimum number of legs are always active to aim for a desired packet error rate (PER). To enable this for a split DRB, node hosting PDCP could indicate a minimum number of active RLC entities that the other node has to maintain. For instance, node hosting PDCP anticipating a decrease/increase of its active RLC entities could indicate a higher/lower number of active RLC entities at the other node.
Observation 4: It may be desirable to ensure that a minimum number of legs are always active to aim for a desired PER. To enable this, node hosting PDCP could indicate a minimum number of active RLC entities that the other node has to maintain.
Hence, we propose the following.

Proposal 1: For a split DRB, node hosting PDCP shall be able to indicate the minimum number of active RLC entities that need to be maintained by the other node.
2.2 Network coordination based on uplink radio quality per leg

Minimum number of legs used for uplink PDCP duplication to target a certain PER may be dependent on an uplink radio quality of associated RLC entities. For instance, fewer active RLC entities may be needed if all currently active RLC entities have good quality uplink. 
Observation 5: Number of legs used for uplink PDCP duplication to target a certain PER may be dependent on uplink radio quality of associated RLC entities.
Thus, it may be useful for each node to exchange information about the quality of its RLC entities. This uplink quality information can be exchanged using ‘UL Radio Quality Index’ field in ‘ASSISTANCE INFORMATION DATA’. Some related excerpts from TS 38.425 are copied below.
	2.2.1.1 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.
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3
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1

0

PDU Type (=2)

PDCP Dupl. Ind. 

Assistance Info. Ind.

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
Figure 5.5.2.3-1: ASSISTANCE INFORMATION DATA (PDU Type 2) Format




	5.5.3.38
Assistance Information Type
Description: This field describes the type of radio quality assistance information provided, if supported, by the corresponding node to the node hosting the NR PDCP entity. The DL Radio Quality Index is a numerical index expressing the radio quality of the data radio bearer in DL, where the value 0 represents the lowest quality. The UL Radio Quality Index is a numerical index expressing the radio quality of the data radio bearer in UL, where the value 0 represents the lowest quality. The averaging window for the Average CQI, Average HARQ Failure and Average HARQ Retransmission is set by means of configuration. Power Headroom Report is PHR MAC control element reported by as defined in 3GPP TS 36.321[4] and 3GPP TS 38.321[5]

Value range: {0=UNKNOWN, 1=Average CQI, 2=Average HARQ Failure, 3=Average HARQ Retransmissions, 4= DL Radio Quality Index, 5= UL Radio Quality Index, 6= Power Headroom Report, 7-228=reserved for future value extensions, 229-255=reserved for test purposes}.

Field length: 1 octet.


Observation 6: It may be useful for each node to exchange information about the quality of its RLC entities. This uplink quality information can be exchanged using ‘ASSISTANCE INFORMATION DATA’ using ‘UL Radio Quality Index’.  
Note however that ‘UL Radio Quality Index’ is specified as being determined per data radio bearer in UL (see highlighted text in the TS 38.425 excerpt above). It will be useful to clarify that the ‘UL Radio Quality Index’ is a numerical index expressing the radio quality of the RLC entity of the data radio bearer in UL, when PDCP duplication is configured for the data radio bearer. The uplink radio quality metric for an RLC entity can be based on the uplink radio quality of cells mapped to the RLC entity (via ‘allowedServingCells’ IE in LogicalChannelConfig).
Proposal 2: Clarify in TS 38.425 that ‘UL Radio Quality Index’ is a numerical index expressing the radio quality of the RLC entity of the data radio bearer in UL when PDCP duplication is configured for the data radio bearer.
3 Conclusions
The observations and proposals from above discussion is reiterated below:
Observation 1: Rel-16 uplink PDCP duplication supports up to 4 RLC entities for a DRB with possibility of DC+CA architecture, where the 4 RLC entities could be distributed across MCG and SCG.

Observation 2: A new MAC CE has been introduced that allows the network to dynamically control the activation state of up to 3 RLC entities configured for a DRB (except for primary RLC entity) that are distributed across two nodes in cases of DC+CA architecture.
Observation 3: RAN2 views that network coordination is beneficial for uplink PDCP duplication for NR-DC/CA architectures.
Observation 4: It may be desirable to ensure that a minimum number of legs are always active to aim for a desired PER. To enable this, node hosting PDCP could indicate a minimum number of active RLC entities that the other node has to maintain.
Proposal 1: For a split DRB, node hosting PDCP shall be able to indicate the minimum number of active RLC entities that need to be maintained by the other node.
Observation 5: Number of legs used for uplink PDCP duplication to target a certain PER may be dependent on uplink radio quality of associated RLC entities.
Observation 6: It may be useful for each node to exchange information about the quality of its RLC entities. This uplink quality information can be exchanged using ‘ASSISTANCE INFORMATION DATA’ using ‘UL Radio Quality Index’.  
Proposal 2: Clarify in TS 38.425 that ‘UL Radio Quality Index’ is a numerical index expressing the radio quality of the RLC entity of the data radio bearer in UL when PDCP duplication is configured for the data radio bearer.
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