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Introduction
As a requirement for architecture and migration of Next Generation Radio Access Technologies, the support of different options and flexibility for splitting the RAN architecture has been agreed and captured in TR 38.913[1]. In order to achieve the requirement, lots of study has been made in RAN3 and 8 potential functional splits between central and distributed unit have been captured in the TR 38.801[2].


Figure: Function Split between central and distributed unit capture in [2]
For the function split in higher layers (e.g. function split in user plane), it is relatively clear that we will continue the standardization work in the NR WI phase. However, for the lower layer function split options, companies think the study is not completed and further study is required to assess on low layer splits, their feasibility, and the selection of options and assess the relative technical benefits, based on NR, before a decision to go to specification phase can be made.
The intention of this contribution is to share some views on the working scope of the potential study item on lower layer function split and how to progress the study item i.e. one new Study item on lower layer CU-DU split should be approved and be kicked off after RAN#75. 

Lower Layer Split RAN Architecture
For the potential options for lower layer CU/DU split, options 6/7/8 have been identified and captured in the [2]. During the discussion in NR SI, it can be observed that interests shown by companies are converged to option 6 and option 7. So, we give our observation 1 as:
Observation 1: The study on function split for lower layer CU/DU split should focus on option 6 and option 7 defined in TR 38.801.

Based on the discussion in RAN3 in NR SI, the following aspects have been identified as the key aspects to be further studied. 
· Function split for lower layer CU/DU split options
· Requirement on transport network for each option
· Interface between CU and DU
Function split between CU-DU
Considering the study in RAN3 on CU/DU function split is processed in a paralleled way with L1 study in RAN1 and L2/L3 study in RAN2, due to the lack of information on the L1/L2 design of NR, the function split of CU/DU split is discussed and concluded by taking the LTE as reference. As the close of NR SI, considering the study of NR in both RAN1 and RAN2 are concluded, it is natural that the function split for lower layer split should be reviewed and confirmed based on the design of NR. 
Based on the physical layer functionality captured in [3] and the L2 functionality captured in TR [4], we think the function split between MAC and PHY is clear enough for us to review the function split of option 6 based on the design of NR.  However, for the function split option 7 (i.e. CU/DU split within physical layer), even the profile of the NR physical layer will not diverse too much from LTE, it is still more reasonable to wait for further progress of RAN1 to understand the detail design of NR physical layer, and the study of function split in physical layer can be postpone one meeting cycle.
Observation 2: The function split captured in NR TR for option 6 and 7 should be reviewed and confirmed based on the L1/L2 design of NR. 
Observation 3: The study of function split for option 6 can be started immediately and the study on function split for option 7 can be postponed one meeting cycle.

Requirement on transport network for each option
In order to support the CU/DU split, besides the backhaul, the transport network for fronthaul will be deployed at the earlier stage of 5G as well. Since different CU/DU function split may lead to different requirement on the transport network of fronthaul (e.g. different requirement on latency, transmission bandwidth and some other aspect), it would be good to have a clear view on the transport network requirement for all the potential CU/DU function split before the deployment of fronthaul transport network. And with the knowledge on the requirement of potential CU/DU function split, the operator can deploy a forward compatible fronthaul transport network which can provide a flexible support of CU/DU equipment with different function split from different vendors.
Observation 4: In order to deploy a forward compatible fronthaul transport network, which can provide a flexible support of CU/DU equipment with different function split from different vendors, it would be necessary to understand the transport network requirement for all the potential CU/DU function split, including the lower layer function split,  before the deployment of fronthaul network.
In the NR SI, the bandwidth and latency requirement of all the split options, including option 6 and option 7, has been studied and captured in Table A-1 in Annex of [2]. However, Based on the similar consideration in the study of function split, the requirements on fronthaul transport network captured are calculated based on the LTE instead of NR. In addition, it has been clearly indicated in the TR that the value calculated based on LTE should be replaced by NR values when available. As the close of NR SI, we think the L1/L2 design of NR in RAN1 and RAN2 are clear enough to support the calculation of transport network requirement for the lower layer split, and the requirement on transport network for lower layer options (i.e. option 6/7) should be re-assessed in new SI based on the L1/L2 design of NR.. 
Observation 5: The requirement on transport network for lower layer options (i.e. option 6/7) should be re-assessed in new SI based on the L1/L2 design of NR.

The interface between CU and DU
The study on the interface between CU and DU may include the following three aspects:
· Aspect 1: Identify what “information” should be exchanged over the interface, including both user data and control signalling
· Aspect 2: Identify the protocol architecture for the interface between CU and DU
· Aspect 3: Identify the detail design of signalling procedure, information element, frame structure, etc
For the higher layer function split, thanks to the study in the dual connectivity in LTE, the aspect 1 and 2 are relatively clear, which make it possible for us to continue the work on aspect 3 in the NR WI phase. However, for the lower layer split options, since none of these aspects have been discussed before, neither in LTE nor in NR SI, at least, we need to study the aspect 1 and 2 before the normative work for lower CU/DU split can be initiated.
Observation 6: The study on the interface between CU-DU should focus on what “information” should be exchanged over the interface, and the protocol architecture for the interface between CU and DU. The detail design of the interface (e.g. detail signalling procedure, information element, frame structure, etc) can be left to WI phase, if the WI on lower layer split is approved.

For the option 6 (i.e. CU/DU split between MAC and PHY), since the function split between physical layer and MAC layer is quite clear, once the SI on CU/DU lower layer split is approved, the study on the interface between CU and DU can be started immediately. 
Observation 7: For the option 6 (i.e. CU/DU split between MAC and PHY), the study on the interface between CU and DU can be started immediately.

For the option 7 (i.e. CU/DU split in physical layer), since the function split between different modules within physical layer is still not clear enough, it will be difficult to start the discussion on the interface between CU and DU immediately. However, based on the information captured in the related TRs [2][3], some information, which needs to be exchanged over the interface between CU and DU, can still be identified as follow:
· Information closely linked to Uu interface including user plane data, physical layer control signalling and physical layer measurement on downlink and uplink (e.g. the measurement of sounding reference etc).
· Local information from DU e.g. information related to hardware, buffer, processing load.
· Other control information between different physical layer function modules (for option 7).
From the information listed above, it can be observed that only the last parts “Other control information between different physical layer function modules” requires the fully understanding on the design of function module in physical layer, and discussion on the rest parts can be start earlier. So, for the study on the interface between CU/DU for option 7, we think the study can be postpone one meeting cycle, and then, the study can be started with the information which is not tight coupled with the detail design of function module in physical layer.
Observation 8: For the option 7 (i.e. CU/DU split in PHY), the study on the interface between CU and DU can be postponed for one meeting cycle. And then, the study can be started with the part which is not tight coupled with the design of function module in physical layer.


Based on all the observation above, we give our proposal as:
Proposal 1: The study item on CU-DU lower layer split can be started after RAN#75 with 3 phases:
· Phase1:  Study on option 6 w.r.t. requirement of transport network, function split of both protocol and RRM, procedure/function over interface between CU-DU
· Phase2:  Study on option 7 w.r.t. requirement of transport network, function split of both protocol and RRM, procedure/function over interface between CU-DU
· Phase3: Compare the pros & cons of each solution and try to make down selection for uplink and downlink transmission

Proposal 2:  Start the phase I study on CU-DU lower layer split immediately after RAN#75. And start the phase II after RAN#76.

Conclusion
Based on the discussion given above, we give our observations and proposals as follow:
Observation 1: The study on function split for lower layer CU/DU split should focus on option 6 and option 7 defined in TR 38.801.

Function split between CU-DU
Observation 2: The function split captured in NR TR for option 6 and 7 should be reviewed and confirmed based on the L1/L2 design of NR. 
Observation 3: The study of function split for option 6 can be started immediately and the study on function split for option 7 can be postponed one meeting cycle.

Requirement on transport network for each option
Observation 4: In order to deploy a forward compatible fronthaul network, which can provide a flexible support of CU/DU equipment with different function split from different vendors, it would be necessary to understand the transport network requirement for all the potential CU/DU function split, including the lower layer function split,  before the deployment of fronthaul transport network.
Observation 5: The requirement on transport network for lower layer options (i.e. option 6/7) should be re-assessed in new SI based on the L1/L2 design of NR.

Procedure over interface between CU-DU
Observation 6: The study on the interface between CU-DU should focus on what “information” should be exchanged over the interface, and the protocol architecture for the interface between CU and DU. The detail design of the interface (e.g. detail signalling procedure, information element, frame structure, etc) can be left to WI phase, if the WI on lower layer split is approved.
Observation 7: For the option 6 (i.e. CU/DU split between MAC and PHY), the study on the interface between CU and DU can be started immediately.
Observation 8: For the option 7 (i.e. CU/DU split in PHY), the study on the interface between CU and DU can be postponed for one meeting cycle. And then, the study can be started with the part which is not tight coupled with the design of function module in physical layer.


Proposal 1: The study item on CU-DU lower layer split can be started after RAN#75 with 3 phases:
· Phase1:  Study on option 6 w.r.t. requirement of transport network, function split of both protocol and RRM, procedure/function over interface between CU-DU
· Phase2:  Study on option 7 w.r.t. requirement of transport network, function split of both protocol and RRM, procedure/function over interface between CU-DU
· Phase3: Compare the pros & cons of each solution and try to make down selection for uplink and downlink transmission

Proposal 2:  Start the phase I study on CU-DU lower layer split immediately after RAN#75. And start the phase II after RAN#76.
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