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1
Introduction
In RAN3#101bis, it was agreed as FFS whether to have separate interface between E-UTRAN and NG-RAN. If separate interface is defined, there is some issues to be solved as (1) there would be common part within the cell between E-UTRAN and NG-RAN (e.g. SIB, cell activation) and (2) how to select proper CU for the UE .  Thus, this contribution analysis what to be considered and proposes possible solution and way forward.
Note that this consideration would also be applicable to RAN sharing discussion (i.e. agenda 9.3.3) as it also discusses coordination between multiple interface where separate interface is used  per PLMN [2]. 
2
Discussion
2.1 Previous discussion
2.1.1 LTE Higher layer split for E-UTRAN and NG-RAN
There was some discussion in RAN3#101bis and RAN3#102 whether to have separate interface between E-UTRAN and NG-RAN. Following illustrates possible architecture if it has separate interface.
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Figure 1 LTE Higher layer split where separate interface is used between EPC and 5GC

The background is RRC difference;  some companies have concern that the unified interface will be complicated if one interface covers both because some RRC signalling is different between E-UTRAN and NG-RAN.

Observation 1: On LTE Higher layer split, several companies prefer to have separate interface between E-UTRAN and NG-RAN because of difference of RRC.
2.1.2 NR Higher layer split for RAN sharing
There was some discussion in RAN3#102 whether to have separate interface between PLMN for RAN sharing.
. Following illustrates possible architecture if it has separate interface.
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Figure 2 NR Higher layer split where separate interface is used per PLMN

The background is impact to current F1 specification;  some companies have concern that the unified interface will have impact to current F1 specification.

Observation 2: On NR Higher layer split, several companies prefer to have separate interface per PLMN for RAN sharing because of impact to F1.

2.2 Analysis on separate interface

On both LTE higher split for E-UTRAN and NG-RAN  and NR Higher layer split for RAN sharing, there would be common issue; (1) there would be common part within the cell between interface (e.g. SIB, cell activation) and (2) how to select proper CU for the UE.

In this section, analysis and solution on above is provided.
2.2.1 How to handle common part between interface
As mentioned earlier, there would be common information between interfaces over the cell. On this information, some mechanism is required not to make contradicting order to DU.
Observation 3: For common information over the cell, some mechanism is required not to make contradicting order to DU.
There would be two high-level approaches.

Solution 1: only a certain CU indicates one common IE
On this approach, one common IE is always indicated from a certain CU; there would be no risk to  contradict. Following figure illustrates the approach.
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Figure 3 only a certain CU indicates one common IE
Solution 2: CUs  indicate same information to DU for a common IE
On this approach, one common information is decided and shared within CUs beforehand (via e.g. OAM, X2-C, Xn-C). Thus, there would be no risk to  contradict. Following figure illustrates the approach. 
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Figure 4 Coordinate between CUs before indicating a common IE to DU
Observation 4: For common information over the cell, there would be two high-level approaches i.e.  (1) only a certain CU indicates one common IE and (2) CUs indicate same information to DU for a common IE. 
Following table provides further detailed analysis per function based on current F1 functions.

Table 1 Possible issue & solution on common information handling per function
	Function
	Message
	Categorization
	Issue
	Solution

	Interface

Management
	RESET
	-
	Need to align understanding of CU and DU how far information to be reset (e.g. common information, UE dedicated information for other CU)

(Even on Solution 1, the CU not responsible for common information may need to Reset.)
	1. Reset only the information specific for the interface

2. Reset both the information specific and not specific for the interface
3. Support both above

	
	SETUP

CONFIGURAITON UPDATE
	DU System Information

(DU encoded SIB (MIB &SIB1))
	Some part of it (e.g. Cell barred) is indicated by CU. So, coordination is required.
	1. Use solution 1 as it is  (Note 1)
2. Use solution 2 as it is.

	
	
	CU System Information

(CU encoded SIB (other SIBs))
	CU needs to transfer other SIBs. So, coordination is required.
	1. Use solution 1 as it is (Note 1)
2. Use solution 2 as it is.

	
	
	RRC version
	The latest supported RRC version may be different between CUs. So, coordination is required.
	1. DU uses multiple RRC versions per CU
2. Mandate CU coordination (e.g. Indicate common latest RRC version or don’t allow the difference of latest supported RRC version)

3. Coordinate via DU

(e.g. F1 reconnection to align RRC version)

	
	
	PCI
	PCI can be changed by CU. So, coordination is required.
	Same as DU System Information



	
	
	Available PLMN List
	CU may have different available PLMN List
	DU  concatenate each available PLMN list and broadcast to UE

	
	
	Cell management

(Cells to be activated/deactivated/ added/deleted/ Cells Status Item)
	-CU needs to indicate coordinated decision on activation/deactivation

-CU needs to know current status

So, coordination is required.
	1. 1.
Use solution 1 as it is
2. Use solution 2 as it is.
In both solutions, Cell status may be indicated from DU to all CUs.

	
	
	Cell level Resource coordination

(Protected E-UTRA/NR Resources List)
	No issue as CU is transparent and decision maker is DU.
	-

	
	STATUS INDICATION
	Overload indication
	No issue as just each CU try reduce their calls to address over flow. 
	-

	Warning 
Message 
Transmission
	WRITE-REPLACE WARNING
	-
	CU needs to transfer these SIBs. So, coordination is required.
	Same as CU System Information



	
	PWS CANCEL REQUEST
	-
	Corresponding cancel needs to be transferred from CU.

So, coordination is required. 
	Same as CU System Information



	
	PWS RESTART/Failure INDICATION
	-
	May need to transfer over all interface.

(Or, configure proper interface by OAM.)
	-

	System information management
	SYSTEM INFORMATION DELIVERY COMMAND
	-
	No issue as CU indicates their own UEs.
	--

	Paging
	PAGING
	-
	No issue as CU transfers per UE message.
	-


Note 1: The CU indicating the common information may be different per information element as the responsible area is different. So, DU may need to concatenate (i.e. decode and encode) the information from CUs even on CU encoded SIBs. 
2.2.2 How to select proper CU for a UE
DU needs to select proper CU for the UE based on E-UTRAN/NG-RAN access / PLMN. However, on current F1 mechanism, DU has no knowledge on them as DU is not assumed to decode UE RRC message (e.g. message 3 or message 5.) So, some solution needs to be provided.
Observation 5: Some mechanism for DU  to select proper CU for a UE is required.
There would be three high-level approaches.

Solution 1: DU decode RRC message where it is required to select proper CU
The information on the access on E-UTRAN/NG-RAN is transferred in message 3. So, if the DU decode the part for identifying the access, DU can select proper CU. However, this method cannot be used for selecting CU per PLMN because the information is transferred in message 5; as message 3 needs to be transferred to the corresponding CU, CU selection needs to be done before it. So, other solution may need to be selected or at least combined for RAN sharing.
(Note that DU is needs to know which CU supports either E-UTRAN or NG-RAN or which PLMN ID. The latter is already supported by indication of Available PLMN List.)

Solution 2: DU try to connect all connected CUs
DU tries to transfer INITIAL UL RRC MESSAGE TRANSFER to all connected UEs. Then, DU tries to keep connected only the CU which sends DL RRC MESSAGE TRANSFER. So, the CU needs to decide whether to connect just based on message 3 information (i.e. if such information is included in message 5, several CUs will reply nevertheless some CU may not be connected finally; DU is not sure which CU to select. ) So, this solution cannot be applicable for RAN sharing, either (i.e. DU has no information which message 4 to transfer to the UE, if several CUs send message 4.).  Furthermore, this approach is inefficient from signalling point of view as it needs to send some unnecessary signalling but no huge special handling would be required.

Solution 3: DU tries to connect “Primary CU” and handover to other CU if necessary
DU always try to connect one Primary CU and handover other CU based on the instruction of primary CU. Based on that, DU can select proper CU. On this approach, DU may connect newly to the indicated to the CU or UE context would be handover from primary CU.
Observation 6: For selection of proper CU for a UE, there would be three high-level approaches i.e.  (1) DU decode RRC message where it is required to select proper CU, (2) DU try to connect all connected CUs and (3) DU tries to connect “Primary CU” and handover to other CU if necessary. 
3
Conclusion
This contribution analysis how to achieve multiple interface on Higher layer split and proposes possible solution and way forward
Following observations and proposals are obtained.

Observation 1: On LTE Higher layer split, several companies prefer to have separate interface between E-UTRAN and NG-RAN because of difference of RRC.

Observation 2: On NR Higher layer split, several companies prefer to have separate interface per PLMN for RAN sharing because of impact to F1.

Observation 3: For common information over the cell, some mechanism is required not to make contradicting order to DU.Observation 4: For common information over the cell, there would be two high-level approaches i.e.  (1) only a certain CU indicates one common IE and (2) CUs indicate same information to DU for a common IEObservation 5: Some mechanism for DU to select proper CU for a UE is required.Observation 6: For selection of proper CU for a UE, there would be three high-level approaches i.e.  (1) DU decode RRC message where it is required to select proper CU, (2) DU try to connect all connected CUs and (3) DU tries to connect “Primary CU” and handover to other CU if necessary. 
Based on above, following way forward is obtained.

Way forward: RAN3 to agree how to select  principle solution against issues on multiple interface over higher layer split

Issue 1: For common information over the cell, some mechanism is required not to make contradicting order to DU
Solution 1: only a certain CU indicates one common IE
Solution 2: CUs indicate same information to DU for a common IE
Issue 2: Some mechanism for DU to select proper CU for a UE is required.
Solution 1: DU decode RRC message where it is required to select proper CU
Solution 2: DU try to connect all connected CUs

Solution 3: DU tries to connect “Primary CU” and handover to other CU if necessary
Solution 4(?): Combination of above solutions
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