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1 Introduction
During past meetings, DRB duplication for CA is discussed in CU-DU topic. For DL PDCP duplication, it is agreed in RAN3#99 meeting that CU makes the decision based on available info at CU. Besides, DU provides assistance info to CU for DL PDCP duplication act/deact decision, and the assistance information definition is FFS [1]. For UL PDCP duplication act/deact, it is agreed in RAN3#AH meeting that DU is responsible for activating/deactivating UL PDCP duplication. However, no discussion about how to identify the primary path and the related logical channel identity. In this paper, the two open issues are discussed. 
2 Discussion
Some summaries for the previous two meeting:

RAN3 AD-HOC#1801:

	UL
Decision to activate/deactivate UL PDCP duplication is taken in the DU

DL
Decision to activate/deactivate DL PDCP duplication? (CU/DU/depends)
We shall agree on a common solution for all cases (e.g. CA and DC)



RAN3#99

	DU provides assistance info to CU for DL PDCP duplication act/deact decision; assistance information definition is FFS

CU takes the decision based on information available at CU

UL PDCP duplication act/deact: to be continued…


RAN2 AD-HOC#1801
	Agreements:

1.
Upon packet duplication activation, only PDCP SDUs/PDUs not submitted to lower layers are duplicated.  

2.
Baseline is that packed duplication is support for data PDUs

3.
For packet duplication, when to submit PDCP PDUs to lower layers is up to UE implementation.  FFS on UE behaviour when duplication is deactivated and what PDCP data volume is used.  

4.
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

5.
After packet duplication is activated, 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.  

6.
Packet duplication does not impact RLC data volume

7.
The UE shall discard packets that have been acknowledged by RLC in the other RLC leg.   PDCP should indicate to the other associated RLC entity to discard the corresponding PDCP PDU.  RLC procedures and PDCP discard procedures are not impacted by this agreement.

8.
The deactivated RLC entity is not re-established 

9.
For CA and DC upon deactivation of PDCP data duplication, the UE transmitting PDCP entity should indicate to lower layers to discard all PDCP PDUs provided for duplicate transmission to the secondary RLC entity  

10.
When configuring duplication, RRC can also set the initial state (active or inactive) for DRBs.
11.
sIf SRB is configured to use duplication, the state is always active

12.
FFS Duplication is supported for SRBs for CA


Taking above agreements into account, we just need to focus on act/de-act UL duplication for CA case. Technically, if RRC configures UL PDCP duplication, gNB-DU would know this since two UL GTP tunnel endpoints for one DRB is configured to gNB-DU; if UL PDCP duplication is activated as well at the same time by RRC message, gNB-DU would also know this since two UL data streams would be received from two cells by gNB-DU. 

Observation 1
For CA case, gNB-DU knows that if UL PDCP duplication for DRB is configured or not, according to the received info that if two UL GTP tunnel endpoints are for one DRB
Observation 1bis
For CA case, gNB-DU also knows that if UL PDCP duplication for DRB is activated or not.

Then of cause gNB-DU could take further activation/de-activation operation, but there are no RAN3 impacts foreseen, there is no need for the gNB-DU to inform gNB-CU since gNB-CU as the receiving end just needs to monitor the two UL GTP tunnels.
Observation 2
For CA case, there will be no RAN3 impacts if gNB-DU take further de-activation/ activation operation if UL UL PDCP duplication for DRB is configured or activated by RRC.

Then for DC-based case, for both DL and UL, since two gNB-DUs will be involved, and UE will also know such configurations since there will be CellGroupConfig for master and secondary node respectively, there should be no further RAN3 impacts since RRC would take care of the operation.
Observation 2bis
For DC-based PDCP duplication for both UL and DL, there will be no further RAN3 impacts.
2.1 Mapping between Primary path and Tunnel

For DL duplication, both gNB-CU and gNB-DU should have the same understanding of the GTP-U tunnel associated with the primary path and secondary path. For example, gNB-DU may not schedule the packets to the cells as expected by gNB-CU if no common understanding is assumed. Based on the common understanding, as long as gNB-CU forwards packets over GTP-U tunnel, gNB-DU identifies the logical channel associated with the GTP-U tunnel, then schedules the packets in the corresponding carrier. That is, gNB-CU should maintain the mapping relationship between GTP-U tunnel and primary/secondary path. Meanwhile, gNB-DU should maintain the mapping relationship between GTP-U tunnel, primary/secondary path and logical channel. 

Observation 3
gNB-CU and gNB-DU should have same understanding of the mapping relationship among F1-U tunnel and the primary path/secondary path. 

Generally, there’re two options to determine the mapping relationship between GTP-U tunnel and primary/secondary path, i.e., either gNB-CU or gNB-DU determines and provides primary path indication for the associated F1-U tunnel, or, another simple way is that by default the first F1-U tunnel in the IE “Tunnels to Be Setup Item IEs” is associated with the primary path without explicit indication. 

Proposal 1   

If more than one UL GTP Tunnel Endpoint for one DRB are provided, it is proposed that the first UL GTP Tunnel Endpoint in the IE “Tunnels to Be Setup Item IEs” is associated with the primary path.

2.2 Mapping between Primary path and Logical channel

For CU-DU architecture, it is already agreed that gNB-DU will feedback inter-node message i.e., CellGroupConfig to gNB-CU [2], which will finally be encapsulated into RRCReconfiguration message towards UE. In CellGroupConfig message, the LogicalChannelIdentity (i.e., LCID) is associated with servedRadioBearer. Upon receiving two UL GTP tunnel endpoints for one DRB, gNB-DU knows that two LogicalChannelIdentity for one DRB should be provided in CellGroupConfig message. 

Observation 4
gNB-DU provides two LCIDs for one DRB if two UL GTP tunnel endpoints are provided by the gNB-CU.

For DL duplication, gNB-CU is not required to know the mapping between primary path and logical channel. However, for UL duplication configuration, it is not the case. In current TS 38.331, primary path information is not provided in CellGroupConfig but provided in PDCP-config [2], which includes CellGroupId and LogicalChannelIdentity of the primary path for DC PDCP duplication and CA PDCP duplication respectively. As PDCP layer locates in gNB-CU, we should first consider which node to determine the LogicalChannelIdentity for the primary path. As LogicalChannelIdentity is provided by the gNB-DU, it is straightforward for it to determine the LogicalChannelIdentity for the primary path. 

Proposal 2   
It is proposed that gNB-DU determines the LCID for the primary path and secondary path respectively, and provides LCID over F1 interface.

2.3 Assistance information from gNB-DU

In RAN3#99 meeting, the assistance info provided by DU includes measurements, radio quality indication, act/deact indication etc. In fact, gNB-CU is able to acquire RRC level measurements. gNB-DU is able to require CSI reporting and also SRS measurement results by itself. If gNB-DU signals the short term radio link quality to gNB-CU, the short term radio link quality may already out-of-date due to transport link latency over F1 interface. Therefore, gNB-CU should make decision by utilizing measurement results which reflect radio link quality of long terms, e.g., RRC level measurement. 

Proposal 3 
It is proposed that gNB-CU makes decision of DL PDCP duplication based on RRC level measurement results. 

As we could see, there will be no RAN3 impacts based the proposal above, this is another benefit that simplicity could be achieved, this way also reflects the original understanding that DL PDCP duplication is by implementation.

3 Conclusion and Proposals
Based on the discussion, we have the following observations and proposals:

Observation 1
For CA case, gNB-DU knows that if UL PDCP duplication for DRB is configured or not, according to the received info that if two UL GTP tunnel endpoints are for one DRB
Observation 1bis
For CA case, gNB-DU also knows that if UL PDCP duplication for DRB is activated or not.

Observation 2
For CA case, there will be no RAN3 impacts if gNB-DU take further de-activation/ activation operation if UL UL PDCP duplication for DRB is configured or activated by RRC.

Observation 2bis
For DC-based PDCP duplication for both UL and DL, there will be no further RAN3 impacts.
Observation 3
gNB-CU and gNB-DU should have same understanding of the mapping relationship among F1-U tunnel and the primary path/secondary path. 

Observation 4
gNB-DU provides two LCIDs for one DRB if two UL GTP tunnel endpoints are provided by the gNB-CU.

Proposal 1   

If more than one UL GTP Tunnel Endpoint for one DRB are provided, it is proposed that the first UL GTP Tunnel Endpoint in the IE “Tunnels to Be Setup Item IEs” is associated with the primary path.

Proposal 2   
It is proposed that gNB-DU determines the LCID for the primary path and secondary path respectively, and provides LCID over F1 interface.

Proposal 3 
It is proposed that gNB-CU makes decision of DL PDCP duplication based on RRC level measurement results. 
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8.3.1
UE Context Setup 

8.3.1.1
General

The purpose of the UE Context Setup procedure is to establish the UE Context including among others SRB, and DRB data. The procedure uses UE-associated signalling.

8.3.1.2
Successful Operation
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Figure 8.3.1.2-1: UE Context Setup Request procedure: Successful Operation.

The gNB-CU initiates the procedure by sending UE CONTEXT SETUP REQUEST message to the gNB-DU. If the gNB-DU succeeds to establish the UE context, it replies to the gNB-CU with UE CONTEXT SETUP RESPONSE.
If the PSCell ID IE and the SCell To Be Setup List IE is included in the UE CONTEXT SETUP REQUEST message, the gNB-DU shall act as specified in TS 38.401 [4].

If the DRX Cycle IE is contained in the UE CONTEXT SETUP REQUEST message, the gNB-DU shall take this into account.

If the SRB To Be Setup List IE is contained in the UE CONTEXT SETUP REQUEST message, the gNB-DU shall act as specified in TS 38.401 [4].
If more than one UL GTP Tunnel Endpoint for one DRB are provided, gNB-DU shall consider the first GTP tunnel as the primary path and allocate LCID IE for both primary path and secondary path. 
The gNB-DU shall report to the gNB-CU, in the UE CONTEXT SETUP RESPONSE message, the result for all the requested DRBs and SRBs in the following way:

-
A list of DRBs which are successfully established shall be included in the DRB Setup List IE;

-
A list of DRBs which failed to be established shall be included in the DRB Failed to Setup List IE;

-
A list of SRBs which are successfully established shall be included in the SRB Setup List IE;

-
A list of SRBs which failed to be established shall be included in the SRB Failed to Setup List IE.

When the gNB-DU reports the unsuccessful establishment of a DRB or SRB, the cause value should be precise enough to enable the gNB-CU to know the reason for the unsuccessful establishment.

For EN-DC operation, the gNB-CU shall include the E-UTRAN QoS IE. The allocation of resources according to the values of the Allocation and Retention Priority IE included in the E-UTRAN QoS IE shall follow the principles described for the E-RAB Setup procedure in TS 36.413 [3].

If the gNB-CU received the MeNB Resource Coordination Information as defined in TS 36.423 [9], it shall transparently transfer it to the gNB-DU via the Resource Coordination Transfer Container IE in the UE CONTEXT SETUP REQUEST message. The gNB-DU shall use the information received in the Resource Coordination Transfer Container IE as described in TS 36.423 [9] for reception of MeNB Resource Coordination Information at the gNB acting as secondary node.

If the Resource Coordination Transfer Container IE is included in the UE CONTEXT SETUP RESPONSE, the gNB-CU shall transparently transfer this information for the purpose of resource coordination as described in TS 36.423 [9].

If the LCID IE is included in the UE CONTEXT SETUP RESPONSE, the gNB-CU acquires the LCID IE for the primary path from the LCID IE associated with the first DL GTP Tunnel endpoint. The gNB-CU then insert LCID IE of the primary path into PDCP-config. 
< unchanged text omitted>
8.3.4
UE Context Modification (gNB-CU initiated)

8.3.4.1
General

The purpose of the UE Context Modification procedure is to modify the established UE Context, e.g., establishing, modifying and releasing radio resources for user data transport. This procedure is also used to command the gNB-DU to stop data transmission for the UE. The procedure uses UE-associated signalling.

8.3.4.2
Successful Operation
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Figure 8.3.4.2-1: UE Context Modification procedure. Successful operation.
The F1AP UE CONTEXT MODIFICATION REQUEST message is initiated by the gNB-CU.

If the PSCell ID IE and the SCell To Be Setup List IE is included in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall act as specified in TS 38.401 [4].

If the DRX Cycle IE is contained in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall take this into account.

If the SRB To Be Setup List IE is contained in the UE CONTEXT SETUP REQUEST message, the gNB-DU shall act as specified in the TS 38.401 [4].

If the DRB To Be Setup List IE is contained in the UE CONTEXT SETUP REQUEST message, the gNB-DU shall act as specified in the TS 38.401 [4].
If more than one UL GTP Tunnel Endpoint for one DRB are provided, gNB-DU shall consider the first GTP tunnel as the primary path and allocate LCID IE for both primary path and secondary path.
Upon reception of the UE Context Modification Request message, the gNB-DU shall perform the modifications, and if successful reports the update in the UE CONTEXT MODIFICATION RESPONSE message.

If the UE CONTEXT MODIFICATION REQUEST message contains the Transmission Stop Indicator IE, the gNB-DU shall stop data transmission for the UE. It is up to gNB-DU implementation when to stop the UE scheduling.

If the gNB-CU received the MeNB Resource Coordination Information as defined in TS 36.423 [9], after completion of UE Context Setup procedures, the gNB-CU shall transparently transfer it to the gNB-DU via the Resource Coordination Transfer Container IE in the UE CONTEXT MODIFICATION REQUEST message. The gNB-DU shall use the information received in the Resource Coordination Transfer Container IE as described in TS 36.423 [9] for reception of MeNB Resource Coordination Information at the gNB acting as secondary node.

If the Resource Coordination Transfer Container IE is included in the UE CONTEXT MODIFICATION RESPONSE, the gNB-CU shall transparently transfer this information for the purpose of resource coordination as described in TS 36.423 [9].

If the LCID IE is included in the UE CONTEXT SETUP RESPONSE, the gNB-CU acquires the LCID IE for the primary path from the IE associated with the first DL GTP Tunnel endpoint. The gNB-CU then insert LCID IE of the primary path into PDCP-config.  
< unchanged text omitted>
9.2.2 
UE Context Management messages

< unchanged text omitted>
9.2.2.2
UE CONTEXT SETUP RESPONSE

This message is sent by the gNB-DU to confirm the setup of a UE context.
Direction: gNB-DU ( gNB-CU.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU UE F1AP ID
	M
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID
	M
	
	9.3.1.5
	
	YES
	reject

	DU To CU RRC Information


	M
	
	9.3.1.26
	
	YES
	reject

	Resource Coordination Transfer Container
	O
	
	OCTET STRING
	Includes the SgNB Resource Coordination Information IE as defined in subclause 9.1.X.2 of TS 36.423 [9].
	YES
	reject

	SRB Setup List
	
	0..1
	
	The List of SRBs which are successfully established.
	YES
	ignore

	>SRB Setup Item Iist
	
	1 .. <maxnoofDRBs>
	
	
	EACH
	ignore

	>>SRB ID
	M
	
	9.3.1.7
	
	-
	

	DRB Setup List
	
	1
	
	The List of DRBs which are successfully established.
	YES
	ignore

	>DRB Setup Item Iist
	
	1 .. <maxnoofDRBs>
	
	
	EACH
	ignore

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>> Tunnels to be setup List
	
	1
	
	
	
	

	>>>Tunnels to Be Setup Item IEs
	
	1 .. <maxnoofDLTunnels>
	
	
	
	

	>>>>DL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint

9.3.2.1
	gNB-DU endpoint of the F1 transport bearer. For delivery of DL PDUs.
	
	

	>>>> LCID
	O
	
	9.3.1.x
	
	YES
	ignore

	SRB Failed to Setup List
	
	0..1
	
	
	YES
	ignore

	>SRB Failed to Setup Item 
	
	1 .. <maxnoofDRBs>
	
	
	EACH
	ignore

	>>SRB ID
	M
	
	9.3.1.7
	
	-
	-

	>>Cause
	O
	
	9.3.1.2
	
	YES
	ignore

	DRB Failed to Setup List
	
	0..1
	
	
	YES
	ignore

	>DRB Failed to Setup Item 
	
	1 .. <maxnoofDRBs>
	
	
	EACH
	ignore

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	-

	>>Cause
	O
	
	9.3.1.2
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore


	Range bound
	Explanation

	maxnoofSCells
	Maximum no. of SCells allowed towards one UE, the maximum value is 64.

	maxnoofSRBs
	Maximum no. of SRB allowed towards one UE, the maximum value is 8. 

	maxnoofDRBs
	Maximum no. of DRB allowed towards one UE, the maximum value is 64. 

	maxnoofDLTunnels
	Maximum no. of tunnels allowed towards one DRB, the maximum value is 2.


< unchanged text omitted>
9.2.2.8
UE CONTEXT MODIFICATION RESPONSE

This message is sent by the gNB-DU to confirm the modification of a UE context.

Direction: gNB-DU ( gNB-CU.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU UE F1AP ID
	M
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID
	M
	
	9.3.1.5
	
	YES
	reject

	Resource Coordination Transfer Container
	O
	
	OCTET STRING
	Includes the SgNB Resource Coordination Information IE as defined in subclause 9.1.X.2 of TS 36.423 [9].
	YES
	reject

	DU To CU RRC Information


	O
	
	9.3.1.26
	
	YES
	reject

	DRB Setup List
	
	0..1
	
	The List of DRBs which are successfully established.
	YES
	ignore

	>DRB Setup Item IEs
	
	1 .. <maxnoofDRBs
	
	
	EACH
	ignore

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>> Tunnels to be setup List
	
	1
	
	
	
	

	>>>Tunnels to Be Setup Item IEs
	
	<1 .. maxnoofDLTunnels>
	
	
	
	

	>>>>DL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint

9.3.2.1
	gNB-DU endpoint of the F1 transport bearer. For delivery of DL PDUs.
	
	

	>>>> LCID
	O
	
	9.3.1.x
	
	YES
	ignore

	DRB Modified List
	
	0..1
	
	The List of DRBs which are successfully modified.
	YES
	ignore

	>DRB Modified Item IEs
	
	1 .. <maxnoofDRBs
	
	
	EACH
	ignore

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>> Tunnels to be setup List
	
	1
	
	
	
	

	>>>Tunnels to Be Setup Item IEs
	
	<1 .. maxnoofDLTunnels>
	
	
	
	

	>>>>DL GTP Tunnel Endpoint
	M
	
	GTP Tunnel Endpoint

9.3.2.1
	gNB-DU endpoint of the F1 transport bearer. For delivery of DL PDUs.
	
	

	SRB Failed to be Setup List
	
	0..1
	
	The List of SRBs which are failed to be established.
	YES
	ignore

	>SRB Failed to be Setup Item IEs
	
	1 .. <maxnoofSRBs
	
	
	EACH
	ignore

	>>SRB ID
	M
	
	9.3.1.8
	
	-
	

	>>Cause
	O
	
	9.3.1.2
	
	-
	-

	DRB Failed to be Setup List
	
	0..1
	
	The List of DRBs which are failed to be setup.
	YES
	ignore

	>DRB Failed to be Setup Item IEs
	
	1 .. <maxnoofDRBs
	
	
	EACH
	ignore

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>>Cause
	O
	
	9.3.1.2
	
	-
	-

	DRB Failed to be Modified List
	
	0..1
	
	The List of DRBs which are failed to be modified.
	YES
	ignore

	>DRB Failed to be Modified Item IEs
	
	1 .. <maxnoofDRBs
	
	
	EACH
	ignore

	>>DRB ID
	M
	
	9.3.1.8
	
	-
	

	>>Cause
	O
	
	9.3.1.2
	
	-
	-

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore


	Range bound
	Explanation

	maxnoofSRBs
	Maximum no. of SRB allowed towards one UE, the maximum value is 8. 

	maxnoofDRBs
	Maximum no. of DRB allowed towards one UE, the maximum value is 64. 

	maxnoofDLTunnels
	Maximum no. of tunnels allowed towards one DRB, the maximum value is 2.


<unchanged text omitted>
9.3.1.x
LCID

This IE uniquely identifies a LCID for the associated SRB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	LCID
	M
	
	INTEGER (1..32, ...)
	Corresponds to the LogicalChannelIdentity defined in TS 38.331 [8].


<unchanged text omitted>

9.4.5
Information Element Definitions

<unchanged text omitted>

-- D

DLTunnels-ToBeSetup-List ::= SEQUENCE (SIZE(1..maxnoofDLTunnels)) OF DLTunnels-ToBeSetup-Item

DLTunnels-ToBeSetup-Item ::= SEQUENCE {


dL-GTP-Tunnel-EndPoint
GTPTunnelEndpoint
,

logical-Channel-ID

LCID

OPTIOANL,

iE-Extensions
ProtocolExtensionContainer { { DLTunnels-ToBeSetup-ItemExtIEs } }
OPTIONAL,


...

}
<unchanged text omitted>

-- L

LongDRXCycleLength ::= 
ENUMERATED

{ms10, ms20, ms32, ms40, ms60, ms64, ms70, ms80, ms128, ms160, ms256, ms320, ms512, ms640, ms1024, ms1280, ms2048, ms2560, ms5120, ms10240, ...}

LCID  ::= INTEGER (1.. 32)
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