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1
Introduction
In the WID, following was described. 

-------------------------------------Start of quotation from [1] -------------------------------------

Apart from the deployment scenarios, the eNB CU-DU split architecture, protocol stack, functions and relative CP/UP procedures of the V1 interface were defined, which were aligned with F1 interface as much as possible. 
-------------------------------------End of quotation from [1] -------------------------------------

Thus, RAN3 needs to identify the possible difference between eNB and gNB LTE Higher layer split and solution on that.

On the other hand, in RAN3#101bis, following agreement was made. 

-------------------------------------Start of quotation from [2] -------------------------------------

Continue work assuming W1 only applies to NG-RAN (i.e. between ng-eNB-CU and ng-eNB-DU) before the decision on E-UTRAN treatment

Reuse TS 38.425 for UP between the two logical nodes for NG-RAN

Continue discussing how to introduce E-UTRAN (including EN-DC) operation

It is FFS whether to have unified or separate logical nodes, interface name, specification (including UP) for eNB in E-UTRAN and in NG-RAN
-------------------------------------End of quotation from [2] -------------------------------------

To align this, RAN3 needs to identify possible difference between E-UTRAN and NG-RAN and solution on this.

Thus, this contribution discusses the possible difference of higher layer split functions between eNB and gNB and high level solution for LTE higher layer split considering the difference between E-UTRAN and NG-RAN. 
2
Discussion
2.1 Background
In the SI phase, following was concluded.
-------------------------------------Start of quotation from [3] -------------------------------------

The eNB CU-DU split architecture, protocol stack, functions and relative CP/UP procedures were defined and aligned with F1 interface as much as possible.
-------------------------------------End of quotation from [3] -------------------------------------

For efficiency, it would be beneficial to make full use of F1 as much as possible.

Observation 1: LTE higher layer split should make full use of F1.

To achieve that, RAN3 needs to identify possible difference between eNB and gNB higher layer split. Then, RAN3 can identify the solution to address it. On the other hand, RAN3 also needs to decide whether to treat E-UTRAN separately from NG-RAN considering the agreement.  So, following needs to be done. 

Observation 2: RAN3 needs to identify following things on LTE higher layer split.

1.) Possible difference between eNB and gNB higher layer split

2.) Solution to address the difference considering difference between E-UTRAN and NG-RAN

interface between E-UTRAN and NG-RAN just increases RAN3 workload .
Note that, if F1 function can be reused, there would be no meaning to differentiate E-UTRAN and NG-RAN as F1 supports both E-UTRAN and NG-RAN.
The above is discussed in following section

2.2 Possible difference between eNB and gNB higher layer split
In TS38.470, several functions were captured. Following table illustrates high level analysis on possible difference between eNB and gNB higher layer split. 

(Note that following table is just high-level. So, in detail level, there may be some exceptions.)

Table 1 list of function and possible difference between eNB and gNB higher layer split.

	
	Function
	Difference exists
	Detail of difference

	F1-C

function
	F1 interface management function
	(Possibly) 

Yes.
	May need to consider which node to encode SIB as structure of SIB would be different.

	
	System Information management function
	Yes
	On-demand SI is not supported by LTE.

	
	F1 UE context management function
	Yes
	How to create RRC configuration as there is no single container for either higher layer or lower layer (i.e. like RadioBearerConfig  and  CellGroupConfig in NR.)

	
	RRC message transfer function
	No
	

	
	Paging function
	No
	

	
	Warning messages information transfer function
	No
	

	F1-U

function
	Transfer of user data
	No
	

	
	Flow control function
	No
	As mentioned in TR37.876[3] and [5], no impact is assumed. 


Observation 3: There would be possible impact on following function in LTE higher layer split for reusing F1 function (In other words, other functions can be reused in principle.)
· F1 interface management function
· System Information management function
· F1 UE context management function
Following section analyze possible impact and propose way forward on this.
2.3 Solution to address the difference between eNB and gNB higher layer split.

2.3.1 F1 interface management function
As mentioned in previous section, SIB structure is different between LTE and NR. So, the main discussion point would be which node to encode the SIBx (and which kind of information needs to be transferred). 
[7] already  provided initial analysis on LTE SIB considering applying to F1. 

-------------------------------------Start of quotation from [7] -------------------------------------
The MIB defines the most essential physical layer information of the cell required to receive further system information. The MIB includes a limited number of essential and frequently transmitted radio parameters. The parameters contained in the MIB are reported in Appendix I, where we use color-coding to indicate whether each parameter should be configured by the gNB-CU or by the gNB-DU. Since the MIB parameters are related to the cell physical layer configuration, we believe that they should all be under responsibility of the gNB-DU.
Proposal 1
The parameters in the MIB should be controlled by the gNB-DU.  
SIB1 contains information relevant when evaluating if a UE is allowed to access a cell and defines the scheduling of the other system information blocks. The parameters contained in the SIB1 are reported in Appendix I, where we use color-coding to indicate whether each parameter should be configured by the gNB-CU or by the gNB-DU. We believe that the majority of the parameters in SIB1 fall under the responsibility of the gNB-DU and specifically all the parameters related to: frequency bands (e.g., frequency band indicator), SI scheduling (e.g., SI window length and repetition pattern), and radio configuration (e.g., TDD configuration and cell access related info). On the other hand, the parameters related to the core network (e.g., PLMN identity list), cell (re)selection control (e.g. cell selection info) and frequencies priorities should be controlled by the gNB-CU.

Proposal 2
The gNB-DU should control the parameters in SIB1 related to frequency bands and radio configuration. The gNB-CU should control the parameters in SIB1 related to core network, cell (re)selection, and frequency priority.
SIB2 contains common and shared channel information. The parameters contained in the SIB2 are reported in Appendix I, where we use color-coding to indicate whether each parameter should be configured by the gNB-CU or by the gNB-DU. We believe that the majority of the parameters in SIB2 fall under the responsibility of the gNB-DU and specifically all the parameters related to access class barring (ACB) and spectrum emission. It is worth noting that the ACB mechanism will be different in NR w.r.t. LTE. In fact, RAN2 is working on a unified ACB scheme that will be probably based on the LTE ACDC access control mechanism. On the other hand, the parameters related to PLMN (e.g., PLMN identity list) and UE identification (e.g., resume ID) should be configured by the gNB-CU.

Proposal 3
The gNB-DU should control the parameters in SIB2 related to radio configuration and access barring (when related to radio resources). The gNB-CU should control the parameters in SIB2 related to core network, UE identification and access barring (when related to non-radio resources).  
SIB3 – SIB8 contain information about neighbour cells and we believe that the corresponding information should be configured by the gNB-CU. SIB9 contains home eNB name and the corresponding information is not going to be used in NR. SIB10 – SIB12 contain information related to public warning and we believe that the corresponding information should be under the responsibility of the gNB-CU. SIB14 contains information about extended access barring (EAB) for access control that will probably not be used in NR (assuming that RAN2 succeeds in defining a unified ACB scheme based on LTE ACDC). SIB13 and SIB15 contain MBMS related information and, even if the corresponding information may not be defined in release 15, if MBMS will be introduced in future releases, we believe that the corresponding information should be configured by the gNB-CU. SIB16 contains information related to GPS time and coordinated universal time (UTC) and the corresponding information could be configured by gNB-CU. SIB17 contains information relevant for traffic steering between E-UTRAN and WLAN, and if similar functionality will be defined for NR, it could be configured by gNB-CU. The same applies also for SIB18 – SIB19 that contain information related to sidelink communications and SIB20 that contains information related to SC-PTM.

Proposal 4
The parameters contained in the other SIBs should be controlled by the gNB-CU.
-------------------------------------End of quotation from [7] -------------------------------------
Above can be summarized as follows.

Observation 4: Previous analysis provides following categorization.
-DU should control parameters in MIB, partially SIB1 (frequency bands and radio configuration) and partially SIB2 (radio configuration and access barring (when related to radio resources))

-CU should control parameters in partially SIB1 (CN, mobility including frequency priority), partially SIB2 (CN, UE ID, access barring (when related to non-radio resources) and Other SIB

Based on the latest status of F1, following table re-analyze SIBs in LTE and which node to encode. 

Table 2 list of SIB and possible encoded node.

	
	SIB
	Summary of contents
	Encoded 

node
	Notes

	Normal

 LTE
	MIB
	Configuration of lower layer 
	eNB-DU
	-Same as F1

	
	SIB1
	Information relevant when evaluating if a UE is allowed to access a cell and defines the scheduling of other system information.
	eNB-DU?
	-On F1, it was encoded by gNB-DU. However, RAN3 needs to analyze further as there are various contents considering which type of IE should be indicated over the HLS interface.

	
	SIB2
	radio resource configuration information that is common for all UEs.
	eNB-DU?
	-Basically eNB-DU should encode. But, need to consider access control related information, which is currently discussed in F1.

-CIoT aspects may also need to be discussed.

	
	SIB3
	cell re-selection information common for intra-frequency, inter-frequency and/ or inter-RAT cell re-selection
	eNB-CU
	-Mobility related (Same as F1)

	
	SIB4
	contains neighbouring cell related information relevant only for intra-frequency cell re-selection.
	eNB-CU
	-Mobility related (Same as F1)

	
	SIB5
	contains information relevant only for inter-frequency cell re-selection
	eNB-CU
	-Mobility related (Same as F1)

	
	SIB6
	contains information relevant only for inter-RAT cell re-selection
	eNB-CU
	-Mobility related (Same as F1)

	
	SIB7
	contains information relevant only for inter-RAT cell re-selection
	eNB-CU
	-Mobility related (Same as F1)

	
	SIB8
	contains information relevant only for inter-RAT cell re-selection
	eNB-CU
	-Mobility related (Same as F1)

	
	SIB9
	contains a home eNB name (HNB Name)
	eNB-CU
	-Would be same treatment with e/gNB-id

(Not sure whether HeNB needs higher layer split.)

	
	SIB10
	contains an ETWS primary notification.
	eNB-CU
	-Same as F1

	
	SIB11
	contains an ETWS secondary notification
	eNB-CU
	-Same as F1

	
	SIB12
	contains a CMAS notification
	eNB-CU
	-Same as F1

	
	SIB13
	contains the information required to acquire the MBMS control information
	eNB-CU?
	-MBMS may need to be further considered as no corresponding function in NR currently.

	
	SIB14
	contains the EAB parameters
	eNB-CU?
	-Need to consider access control related information, which is currently discussed in F1.

	
	SIB15
	contains the MBMS Service Area Identities (SAI) of the current and/ or neighbouring carrier frequencies.
	eNB-CU?
	-MBMS may need to be further considered as no corresponding function in NR currently.

	
	SIB16
	contains information related to GPS time and Coordinated Universal Time (UTC).
	eNB-DU?
	- Currently defined as gNB-CU over F1

-However, need to consider whether accurate timing can be implemented by CU considering transport delay as questioned in [6].

	
	SIB17
	contains information relevant for traffic steering between E-UTRAN and WLAN.
	eNB-CU?
	-WIFI offload may need to be further considered as no corresponding function in NR currently.

	
	SIB18
	indicates E-UTRAN supports the sidelink UE information procedure and may contain sidelink communication related resource configuration information
	eNB-CU?
	-Side link may need to be further considered as no corresponding function in NR currently.

	
	SIB19
	indicates E-UTRAN supports the sidelink UE information procedure and may contain sidelink discovery related resource configuration information.
	eNB-CU?
	-Side link may need to be further considered as no corresponding function in NR currently.

	
	SIB20
	contains the information required to acquire the control information associated transmission of MBMS using SC-PTM.
	gNB-DU?
	-MBMS may need to be further considered as no corresponding function in NR currently.

	
	SIB21
	contains V2X sidelink communication configuration.
	eNB-CU?
	-Side link may need to be further considered as no corresponding function in NR currently.

	
	SIB24
	contains information relevant only for inter-RAT cell re-selection
	eNB-CU
	-Mobility related (Same as F1)

	
	SIB25
	contains the UAC parameters.
	eNB-CU?
	-Need to consider access control related information, which is currently discussed in F1.

	
	SIB26
	contains V2X sidelink communication configurations
	eNB-CU?
	-Side link may need to be further considered as no corresponding function in NR currently.

	NB-IoT
	MIB-NB,

MIB-TDD-NB


	Configuration of lower layer 
	eNB-DU
	-Same as F1

	
	SIB1-NB
	contains information relevant when evaluating if a UE is allowed to access a cell and defines the scheduling of other system information.
	eNB-DU?
	-On F1, it was encoded by gNB-DU. However, RAN3 needs to analyze further as there are various contents considering which type of IE should be indicated over the HLS interface.(Same as normal SIB1)


Following is summarizing above table considering specific issue for E-UTRAN and NG-RAN.

Proposal 1: RAN3 to agree on following on the node encoding SIB.(Note that red means E-UTRAN specific and blue means NG-RAN specific)
-MIB (including MIB-NB) should be encoded in eNB-DU.

-From SIB3 to SIB12 and SIB24 should be encoded in eNB-CU

Following needs further analysis

- SIB1 (including SIB1-NB and SIB1-TDD-NB) and SIB2: Consider each content further
(Note that, as content of SIB1(-TDD)-NB is very similar to SIB1, the impact on work will be very limited.)
-SIB16: Consider latest F1 discussion on accurate timing delivery
-SIB14 and SIB25: Consider latest F1 discussion on access control

-SIB13, SIB15 and SIB20: Consider MBMS aspects, which isn’t supported in NR.

-SIB17: Consider WIFI offload aspects, which isn’t supported in NR.

-SIB18 and SIB19, SIB21,SIB26 : Consider side link and V2X aspects, which isn’t supported in NR.

The next topic would be whether to differentiate E-UTRAN and NG-RAN. It would just affect last 3 bullets and SIB1-NB above. (On SIB14, same treatment with SIB25 is assumed.) So, there would be no huge difference between E-UTRAN and NG-RAN.
Observation 5: There would be no huge difference between E-UTARN and NG-RAN from System information perspective.
2.3.2 System Information management function
As mentioned previously, this function is not necessary as this function is used only for on-demand SI in F1, which doesn’t supported for LTE (in both E-UTRN and NG-RAN).
Note normal SIBs are handled in interface management function in current F1 specification.

Observation 6: As LTE doesn’t support on-demand SI in either E-UTAN and NG-RAN, there would be no use case on System Information management function, which is specific for on-demand SI over F1.
Proposal 2: RAN3 to agree that no system information management function is required for LTE higher layer split in current specification.
2.3.3 F1 UE context management function
The biggest problem on this would be, as mentioned in previously and [6], how to create RRC configuration as there is no single container for either higher layer or lower layer (i.e. like RadioBearerConfig  and  CellGroupConfig in NR.) 

(In other words, other functions  can reuse F1 concept basically. For example, on measurement, eNB-CU will transfer measConfig withtout measGapConfig and eNB-DU send measGapConfig.)

So, it implies that many IEs needs to be transferred over LTE higher layer split interface if RAN3 inherits F1 concept. Thus, the mechanism in F1 may not be efficient. It is illustrated in following figure.

[image: image1]
Figure 1 comparison on reusing F1 mechanism  to LTE higher layer split

Observation 7: As no single container for either higher layer or lower layer is defined, reusing F1 mechanism may not be efficient; many IEs need to be defined.
Thus, some further consideration would be required. Current RRC connection reconfiguration message can be illustrated as follows (only representative IEs are listed). Yellow IEs are controlled by eNB-CU and  Green IEs are by eNB-DU. Red bordered IEs are used only in E-UTRAN, Blue bordered IEs are used only in NG-RAN and purple bordered IEs are used in common.  

[image: image2]
Figure 2 categorization on representative IEs on which node to control and whether to be used in E-UTAN/NG-RAN or both.
So, even in radioResourceConfigDedicated, which contains many IEs controlled by eNB-DU, there are several IEs controlled by eNB-CU. In other words, if eNB-CU  transfers their controlling IEs to eNB-DU (i.e. pdcp-Config and drb-TypeChange in above figure), eNB-DU can create  radioResourceConfigDedicated.

Observation 8: If eNB-CU  transfers their controlling IEs to eNB-DU (e.g. pdcp-Config and drb-TypeChang), then eNB-DU can create  radioResourceConfigDedicated, which includes many IEs controlled by eNB-DU.
On the other side, the difference between E-UTRAN and NG-RAN in radioResourceConfigDedicated  is only whether those IEs (i.e. pdcp-Config and drb-TypeChange) are included . If eNB-CU creates E-UTRAN configuration, these IEs are needed (and not for NG-RAN). 

Observation 9: The difference of radioResourceConfigDedicated between E-UTRAN and NG-RAN is either to  include  pdcp-Config and drb-TypeChange.
So, E-UTRAN can be easily supported by defining RRC container for  pdcp-Config and drb-TypeChange from eNB-CU to eNB-DU as optional (or conditional) on the request of RRC connection reconfiguration.
Thus,  following is proposed.
Proposal 3: RAN3 to agree following mechanism to create RRC connection reconfiguration to address both E-UTAN and NG-RAN.

(1)eNB-CU transfers the IEs owned by eNB-CU (e.g. pdcp-Config and drb-TypeChang ) in radioResourceConfigDedicated if operated as E-UTRAN.

(2)eNB-DU transfers radioResourceConfigDedicated  including the IEs transferred in (1) and the IEs owned by eNB-DU.

(3)eNB-CU create RRC connection reconfiguration message by adding further IEs owned by eNB-CU (e.g.  nr-RadioBearerConfig1-r15 and nr-RadioBearerConfig2-r15 on NG-RAN, dedicatedInfoNASList nad mobilityControlInfo on E-UTRAN) 

(4)eNB-CU transfer the RRC connection reconfiguration message to the UE via the eNB-DU
Note that, as the  structure for RRCConnectionReconfiguration-NB is very similar with RRC connection reconfiguration the one of E-UTRAN, same treatment would be applied on NB-IoT. 
Further note that RAN3 needs to discuss further on MBMS, WIFI offload, sidelink (including V2X) and LTE-LTE DC as specific IEs would be used on these functions. 
Following figure illustrates the mechanism.


[image: image3]
Figure 3 Proposed mechanism for RRC connection reconfiguration

3
Conclusion

This contribution discusses the possible difference of higher layer split functions between eNB and gNB and high level solution for LTE higher layer split considering the difference between E-UTRAN and NG-RAN.  Following observations and proposals were obtained.

Observation 1: LTE higher layer split should make full use of F1.

Observation 2: RAN3 needs to identify following things on LTE higher layer split.

1.) Possible difference between eNB and gNB higher layer split

2.) Solution to address the difference considering difference between E-UTRAN and NG-RAN

interface between E-UTRAN and NG-RAN just increases RAN3 workload .
Observation 3: There would be possible impact on following function in LTE higher layer split for reusing F1 function (In other words, other functions can be reused in principle.)
· F1 interface management function
· System Information management function
· F1 UE context management function
Observation 4: Previous analysis provides following categorization.
· DU should control parameters in MIB, partially SIB1 (frequency bands and radio configuration) and partially SIB2 (radio configuration and access barring (when related to radio resources))

· CU should control parameters in partially SIB1 (CN, mobility including frequency priority), partially SIB2 (CN, UE ID, access barring (when related to non-radio resources) and Other SIB

Proposal 1: RAN3 to agree on following on the node encoding SIB.(Note that red means E-UTRAN specific and blue means NG-RAN specific)
· MIB (including MIB-NB) should be encoded in eNB-DU.

· From SIB3 to SIB12 and SIB24 should be encoded in eNB-CU

Following needs further analysis

·  SIB1 (including SIB1-NB and SIB1-TDD-NB) and SIB2: Consider each content further
(Note that, as content of SIB1(-TDD)-NB is very similar to SIB1, the impact on work will be very limited.)
· SIB16: Consider latest F1 discussion on accurate timing delivery
· SIB14 and SIB25: Consider latest F1 discussion on access control

· SIB13, SIB15 and SIB20: Consider MBMS aspects, which isn’t supported in NR.

· SIB17: Consider WIFI offload aspects, which isn’t supported in NR.

· SIB18 and SIB19, SIB21,SIB26 : Consider side link and V2X aspects, which isn’t supported in NR.

Observation 5: There would be no huge difference between E-UTARN and NG-RAN from System information perspective.
Observation 6: As LTE doesn’t support on-demand SI in either E-UTAN and NG-RAN, there would be no use case on System Information management function, which is specific for on-demand SI over F1.
Proposal 2: RAN3 to agree that no system information management function is required for LTE higher layer split in current specification.
Observation 7: As no single container for either higher layer or lower layer is defined, reusing F1 mechanism may not be efficient; many IEs need to be defined.
Observation 8: If eNB-CU  transfers their controlling IEs to eNB-DU (e.g. pdcp-Config and drb-TypeChang), then eNB-DU can create  radioResourceConfigDedicated, which includes many IEs controlled by eNB-DU.
Observation 9: The difference of radioResourceConfigDedicated between E-UTRAN and NG-RAN is either to  include  pdcp-Config and drb-TypeChange.
Proposal 3: RAN3 to agree following mechanism to create RRC connection reconfiguration to address both E-UTAN and NG-RAN.

(1)eNB-CU transfers the IEs owned by eNB-CU (e.g. pdcp-Config and drb-TypeChang ) in radioResourceConfigDedicated if operated as E-UTRAN.

(2)eNB-DU transfers radioResourceConfigDedicated  including the IEs transferred in (1) and the IEs owned by eNB-DU.

(3)eNB-CU create RRC connection reconfiguration message by adding further IEs owned by eNB-CU (e.g.  nr-RadioBearerConfig1-r15 and nr-RadioBearerConfig2-r15 on NG-RAN, dedicatedInfoNASList nad mobilityControlInfo on E-UTRAN) 

(4)eNB-CU transfer the RRC connection reconfiguration message to the UE via the eNB-DU
Note that, as the  structure for RRCConnectionReconfiguration-NB is very similar with RRC connection reconfiguration the one of E-UTRAN, same treatment would be applied on NB-IoT. 
Further note that RAN3 needs to discuss further on MBMS, WIFI offload, sidelink (including V2X) and LTE-LTE DC as specific IEs would be used on these functions. 
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