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1. Introduction
In RAN3#93, description and justification for some CU-DU split options were agreed [1]~[3]. In this contribution, we propose some refinements to these description and justification to address the following points.
1. It would be better to categorize the split options into either higher layer split or lower layer split. 
2. Refine “Benefits and Justification” for Option 2 to prevent misunderstanding that other options (Options 3-8) cannot facilitate traffic aggregation and management.
3. Refine “Benefits and Justification” for Option 3-1 to prevent misunderstanding that mentioned benefits are not be applicable to lower layer split options (Options 4-8).
4. Editorial modifications (e.g. “Description:” is missing or located in wrong position.)

Note that refinement of option 7 is provided in [4]

2. Discussion
2.1. Higher layer split and Lower layer split

There are transport networks with higher transport latency and lower transport latency in the real deployment and solutions to address both types of transport networks should be considered. In that sense, split options currently on the table (i.e. Option 1-8) can be grouped into Option 1-3 and Option 4-8, where the former can cater to transport network with higher transport latency, and the latter can be applied to transport network with lower transport latency. This is because none of the functions in the HARQ loop (which has tight delay budget) reside in the CU for Option 1-3 and some of the functions in the HARQ loop reside in the CU for Option 4-8. So, it is believed that categorizing Option 1-3 as higher layer splits and Option 4-8 as lower layer splits will help structure further discussions.
Proposal1: Categorize Option 1-3 as higher layer split and Option 4-8 as lower layer split
2.2. Justification of traffic aggregation and management in option 2

In the discussion in RAN3#93, the justification of options was discussed. [5] contains the justification of option 2 as follows.

“Option 2 - (PDCP/RLC) Split

Description:  In this split option, RRC, PDCP are in the central unit. RLC, MAC, physical layer and RF are in the distributed unit.  
Benefits and Justification: This option will allow traffic aggregation from NR and eLTE transmission points to be centralized.  Additionally, it can facilitate the management of traffic load between NR and eLTE transmission points.   Fundamentals for achieving a PDCP-RLC split have already been standardized for LTE Dual Connectivity, alternative 3C. Therefore this split option should be the most straightforward option to standardize and the incremental effort required to standardize it should be relatively small. ”
In the online discussion, the reason of bold part was clarified that it is like LTE Dual Connectivity (We assume that it implies” Split Bearer” as it enables traffic management in RAN.). 

 However, Figure 1 shows other split (e.g. option 6) can also facilitate traffic aggregation and management. 
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Figure 1. Traffic management of Option 2 and Option 6

Thus we can obtain following observation.
Observation1: Not only Option 2 but also Options 3-8 can facilitate traffic aggregation and management between NR and eLTE transmission points.
Thus we propose as follows:

Proposal2: The traffic aggregation and management description in option 2 should be deleted to prevent misunderstanding that other options (Options 3-8) cannot facilitate traffic aggregation and management.
2.3. Misunderstanding that mentioned benefits for option 3-1 are not be applicable to lower layer split options
“Benefits and Justification” for Option 3-1 is applicable for lower layer split but is not mentioned so. So, there would be misunderstanding that they are not applicable to lower layer split options (Options 4-8). Thus, we propose as follows. 
Proposal3: “Benefits and Justification” for Option 3 should be clarified comparing within higher layer split.
3. Conclusion

In this paper, we provide a TP for refinement of split options.

Proposal1: Categorize Option 1-3 as higher layer split and Option 4-8 as lower layer split
Observation1: Not only Option 2 but also Option 3-8 can facilitate traffic aggregation and management between NR and eLTE transmission points.
Proposal2: The traffic aggregation and management description in option 2 should be deleted to prevent misunderstanding that other options (Option 3-8) cannot facilitate traffic aggregation and management.

Proposal3: “Benefits and Justification” for Option 3 should be clarified comparing within higher layer split.
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6.1.2.1
General description of split options
In the study item for a new radio access technology, 3GPP is expected to study different functional splits between central and distributed units. E-UTRA protocol stack is taken as a basis for further discussion, with the understanding that the conclusions may need to be revisited, once RAN2 defines the protocol stack for NR. The following functional splits between central and distributed unit are possible, as illustrated in Figure 6.1.2.1-1.
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Figure 6.1.2.1-1: Function Split between central and distributed unit

Higher layer split: these split options can be applicable even for transport networks with higher transport latency. This is because none of the functions in the HARQ loop (which has tight delay budget) reside in the CU, i.e. HARQ doesn’t span across the fronthaul.
Option 1 (1A-like split)
-
The function split in this option is similar as 1A architecture in DC. RRC is in the central unit. PDCP, RLC, MAC, physical layer and RF are in the distributed unit.

Option 2 (3C-like split)
-
The function split in this option is similar as 3C architecture in DC. RRC, PDCP are in the central unit. RLC, MAC, physical layer and RF are in the distributed unit.

Option 3 (intra RLC split)
-
Low RLC (partial function of RLC), MAC, physical layer and RF are in distributed unit. PDCP and high RLC (the other partial function of RLC) are in the central unit.
Lower layer split: these split options require transport networks with lower transport latency. This is because part of  the functions in the HARQ loop (which has tight delay budget) reside in the CU, i.e. HARQ  spans across the fronthaul. 
Option 4 (RLC-MAC split)
-
MAC, physical layer and RF are in distributed unit. PDCP and RLC are in the central unit.

Option 5 (intra MAC split)
-
RF, physical layer and some part the MAC layer (e.g. HARQ) are in the distributed unit. Upper layer is in the central unit.

Option 6 (MAC-PHY split)
-
Physical layer and RF are in the distributed unit. Upper layers are in the central unit.

Option 7 (intra PHY split)
-
Part of physical layer function and RF are in the distributed unit. Upper layers are in the central unit.

Option 8 (PHY-RF split)
-
RF functionality is in the distributed unit and upper layer are in the central unit.

Editor’s note: The options represented consist of a non-exhaustive list. The work in other working groups on protocols and functions definition shall be monitored and further split options based on such progress shall be added or removed if needed.

Flexible functional split
Some of the benefits of a New RAN architecture with the flexibility to split and move functions between central and distributed units are below:

-
Flexible HW implementations allows scalable cost effective solutions

-
A split architecture (between central and distributed units) allows for coordination for performance features, load management, real-time performance optimization, and enables NFV/SDN

-
Configurable functional splits enables adaptation to various use cases, such as variable latency on transport

The NR design should support the flexibility to move RAN functions between the central unit and distributed unit, and should be studied.

6.1.2.2
Detailed Description of Candidate Split Options and Justification
6.1.2.2.1
Option 1 (RRC/PDCP, 1A-like split)
6.1.2.2.2
Option 2 (PDCP/RLC, 3C-like split)
Description:  In this split option, RRC, PDCP are in the central unit. RLC, MAC, physical layer and RF are in the distributed unit.  
Benefits and Justification: 
  
-Fundamentals for achieving a PDCP-RLC split have already been standardized for LTE Dual Connectivity, alternative 3C. Therefore this split option should be the most straightforward option to standardize and the incremental effort required to standardize it should be relatively small.   
6.1.2.2.3
Option 3 (High RLC/Low RLC Split)

Two approaches based on Real-time/Non Real-time function split are as follows:
Option 3-1 Split based on ARQ
Description: 

Low RLC may be composed of segmentation and concatenation functions;
-
High RLC may be composed of ARQ and re-ordering functions;
This option splits the RLC sublayer into High RLC and Low RLC sublayers such that for RLC Acknowledge Mode operation, the ARQ and packet ordering functions may be performed at the High RLC sublayer residing in the central unit, while the segmentation may be performed at the Low RLC sublayer residing in the distributed unit. 

Benefits and Justification compared with other higher layer split: 
-
This option has the advantage of being more robust under non-ideal transport conditions because the ARQ and packet ordering is performed at the central unit.

-
This split option may also have better flow control across the split.
-
Centralization gains: ARQ located in the CU provides more centralization or pooling gains.

-
The failure over transport network is also recovered using the end-end ARQ mechanism at CU. This provides protection for critical data and C-plane signaling.
-
DUs without functions of RLC can handle more connected mode UEs as there is no RLC state information stored and hence no need for UE context.

-
Reduced processing and buffer requirements in DU due to absence of ARQ protocol

-
Could be used over multiple radio legs of different DUs for higher reliability (U-Plane and C-Plane)
Cons compared with other higher layer split
-
Comparatively, the split is more latency sensitive than the split with ARQ in DU, since re-transmissions are susceptible to transport network latency over a split transport network.
Overall, Option 3 where ARQ is located in CU provides significantly better pooling gains (packet processing) thanother higher layer split. In addition, other higher layer split requires larger packet buffers in DU. Therefore, it is beneficial to place ARQ function in CU according to the RAN function mapping shown in Option 3.

Option 3-2 Split based on TX RLC and RX RLC
Description: 
-
Low RLC may be composed of transmitting TM RLC entity, transmitting UM RLC entity, a transmitting side of AM and the routing function of a receiving side of AM.

-
High RLC may be composed of receiving TM RLC entity, receiving UM RLC entity and a receiving side of AM except the routing function.
6.1.2.2.4
Option 4 (RLC-MAC split)

6.1.2.2.5
Option 5 (intra MAC split)

6.1.2.2.6
Option 6 (MAC-PHY split)

6.1.2.2.7
Option 7 (intra PHY split)

Multiple realizations of this option are possible, including asymmetrical options in which one sub-option (e.g. 7-1) is used in the UL and another sub-option (e.g. 7-2) is used in the DL. A compression technique may be able to reduce the required transport bandwidth between the DU and CU.

In the UL, FFT, and CP removal reside in the DU. Two sub-variants are described below. Remaining functions reside in the CU. 

In the downlink, iFFT and CP addition reside in the DU. Two sub-variants are described below. The rest of the PHY resides in the CU.

Option 7-1

In the UL, FFT, CP removal and possibly PRACH filtering functions reside in the DU, the rest of PHY functions reside in the CU.  The details of the meaning of PRACH filtering are FFS.   

In the DL, iFFT and CP addition functions reside in the DU, the rest of PHY functions reside in the CU.

Option 7-2

In the UL, FFT, CP removal, resource de-mapping and possibly pre-filtering functions reside in the DU, the rest of PHY functions reside in the CU.   The details of the meaning of pre-filtering are FFS.   

In the DL, iFFT, CP addition, resource mapping and precoding functions reside in the DU, the rest of PHY functions reside in the CU.

It is a requirement that both options allow the optimal use of advanced receivers. Whether or not these variants meets this requirement is FFS.

 Benefits and Justification for Option 7-1 and 7-2:
-
Compared to Option 8 this option is expected to reduce the fronthaul requirements in terms of throughput [details are FFS].

-
It is expected to be able to maintain the ability to perform joint processing (both transmit and receive) across multiple TPs

-
Compared to higher splits (i.e. options 1-4) the option has the advantage of supporting centralized scheduling, e.g. CoMP

-
Option 7-1 allows the implementation of advanced receivers
6.1.2.2.8
Option 8 (PHY-RF split)
-----------------------------------------------Unchanged sections are omitted-----------------------------------------------------------
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