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1
Introduction
At RAN3#92, potential functional split between central unit and distributed unit was updated and captured in TR 38.801 [1]. In this paper, we further discuss possible options especially for higher-layer functional split and propose to agree on the TP for TR 38.801.
2
Discussion
2.1
RAN Functional split categorization
RAN3#92 agreed function split between central and distributed units are shown in Figure 1.
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Figure 1: Function Split between central and distributed unit

Furthermore, the following questions were raised at RAN3#92 and captured as editor’s note:

1) How many splits will be specified and supported by open interfaces?
2) Will the tight LTE/NR interworking case effect the number of functional split options?
3) What is the granularity of the Centralized Unit – Distributed Unit functional split?
4) What is the reconfiguration dynamicity of the network functional split
Regarding 1), in the initial stages, we propose only one higher-layer split option, and at most one lower-layer needed to be standardized to avoid complexity and too much effort on specification work. Other possible split options are left to implementation. 
Regarding 2), tight LTE/NR interworking case should be discussed separately in order to avoid dependency to LTE. It should be noted that the LTE DC has already defined a PDCP-RLC split between MeNB and SeNB, which is essentially different from NR case. 
Regarding 3), we further discuss in this paper.

Regarding 4), as discussed in R3-161099 [2], flexibility should be supported by configuration, i.e. not defining for multiple higher-layer split options.
Considering major factors influencing the functional split such as Latency, Bandwidth, scalability, interface complexity, functional split could be classified into two categories.

· Higher-layer split: Option 1 through Option 5 (spit MAC layer or above)
· Lower-layer split:  Option 6 through Option 8 (split below MAC layer)
Higher-layer split is the intra layer 2 (L2) split and has reduced demands on latency and bandwidth requirements of a split transport network.

Lower-layer split is the inter L2-L1 or intra L1 split and has high demands on the latency and bandwidth requirements of a split transport network.

This paper further discusses higher-layer split option.
2.2
Analysis of higher-layer functional split
The higher-layer split shown in the figure is intra L2 (PDCP, RLC & MAC) and could be segregated based on the non-real-time (NRT) and real-time (RT) behaviour of RAN protocol functions for the following reasons. 

· The primary reason to aggregate is to leverage from the centralization gains like better resource control, optimized mobility and multi-connectivity. Hence there is need to isolate protocols and functions which could be aggregated, much higher in hierarchy, in a logical node which could control multiple radio nodes.

· The NRT functions come with reduced transport network requirements and hence suitable to be taken away from radio. The RT functions, which come with strong transport network requirements need to be closer to the radio and hence could be distributed. 
Therefore, it is assumed that the higher-layer split (i.e. split MAC layer or above) could be segregated based on NRT and RT characteristic of RAN functions.

Examples of NRT and RT classification of RAN functions are described below.

·  “Real-time” :
· Functions that are to be executed within strict TTI deadlines 
· Or have deadlines based on HARQ constraints
· In general, functions whose delay can result in missed TTIs.
· Examples: MAC Scheduler, DL MAC PDU construction, and PHY functions would be real-time functions.
· “Non-real-time” : 
· Functions that do not have strict deadlines, and does not result in missed TTIs.

· Example: RLC ARQ, PDCP functions, and RRC/S1/X2 protocols are non-real-time functions.
Proposal 1:
RAN3 agrees to segregate the higher-layer split options based on RT/NRT behaviour of RAN functions.
Considering NRT-RT segregation of RAN functions as the primary criteria, Options 2 and 3 are the most feasible for the higher-layer functional split as described in Figure 2.
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Figure 2: NR higher-layer functional split options
The following RAN functions have a significant impact on the higher-layer functional split. Hence, it is essential to study and classify them as RT and NRT for proper placement of these functions in the RAN protocol stack. 

· ARQ

· Segmentation and concatenation
· Re-transmission prioritization

· Re-ordering of PDUs

Option 2: PDCP-RLC split 
· ARQ in DU (NR RLC), no re-transmissions over a split transport network
· Segmentation and concatenation in DU, tightly coupled between NR RLC and NR MAC (as in LTE)

· Re-transmission prioritization only in DU.

· Re-ordering in NR PDCP
Option 3: Intra-RLC split 
· ARQ in CU (NR Higher-RLC), Optional NRT segmentation in CU. 

· Re-transmissions prioritized in both CU and DU
· RT Segmentation and concatenation in DU, tightly coupled between NR L-RLC and NR MAC (as in LTE)

· Re-ordering in NR PDCP
There are two levels of segmentation in Option 3. 
· The segmentation in the ARQ at CU is used just for segmenting for re-transmissions according to the RLC status report received from the UE.
· The segmentation at DU is a real-time function and is dependent on scheduler grants, i.e. it is tightly bound to the MAC PS scheduler.

It is considered that ARQ as an NRT function which is delay tolerant while segmentation is a real-time function that needs to be closer to the radio. The rest of the functions is placed depending on the location of ARQ and segmentation. Hence, Option 2 where ARQ is in DU is not strictly meeting the NRT-RT separation criteria, while Option 3 where ARQ is in CU and hence matches the NRT-RT classification of RAN functions.  

Below provided is a pros and cons analysis of “ARQ in CU”.

Pros

· Centralization gains: ARQ is an NRT function and expensive in terms of memory and processing power. Being in 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

· Comparatively, the split is more latency sensitive than the split with ARQ in DU. 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) than Option 2. In addition, Option 2 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.
NOTE: The intra-RLC split protocol stack shown in Option 3 is based on a mapping of RAN functions to LTE protocol stack. It is RAN2 prerogative to decide on the further possible optimizations in NR protocol stack.
Proposal 2:
RAN3 agrees to place RAN functions as shown in Option 3 (ARQ function in CU), and then takes RAN2 decision of NR protocol stack into account. 

Proposal 3:
RAN3 agrees the TP provided for the TR 38.801.

3
Conclusions
Proposal 1:
RAN3 agrees to segregate the higher-layer split options based on RT/NRT behaviour of RAN functions.
Proposal 2:
RAN3 agrees to place RAN functions as shown in Option 3 (ARQ function in CU), and then takes RAN2 decision of NR protocol stack into account.
Proposal 3:
RAN3 agrees the TP provided for the TR 38.801.
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Appendix: Text Proposal for TR 38.801
Beginning of Text Proposal

6.1.2.2
Architectural and specification aspects

Considering major factors influencing the functional split such as Latency, Bandwidth, scalability, interface complexity, functional split could be classified into two categories.

· Higher-layer split: Option 1 through Option 5 (spit MAC layer or above)
· Lower-layer split:  Option 6 through Option 8 (split below MAC layer)

Higher-layer split is the intra layer 2 (L2) split and has reduced demands on latency and bandwidth requirements of a split transport network.

Lower-layer split is the inter L2-L1 or intra L1 split and has high demands on the latency and bandwidth requirements of a split transport network.
6.1.2.2.X
Analysis of higher-layer functional split
The higher-layer split shown in the figure is intra L2 (PDCP, RLC & MAC) and could be segregated based on the non-real-time (NRT) and real-time (RT) behaviour of RAN protocol functions for the following reasons. 

· The primary reason to aggregate is to leverage from the centralization gains like better resource control, optimized mobility and multi-connectivity. Hence there is need to isolate protocols and functions which could be aggregated, much higher in hierarchy, in a logical node which could control multiple radio nodes.

· The NRT functions come with reduced transport network requirements and hence suitable to be taken away from radio. The RT functions, which come with strong transport network requirements need to be closer to the radio and hence could be distributed. 
Therefore, it is assumed that the higher-layer split (i.e. split MAC layer or above) could be segregated based on NRT and RT characteristic of RAN functions.

Examples of NRT and RT classification of RAN functions are described below.

·  “Real-time” :
· Functions that are to be executed within strict TTI deadlines 
· Or have deadlines based on HARQ constraints
· In general, functions whose delay can result in missed TTIs.
· Examples: MAC Scheduler, DL MAC PDU construction, and PHY functions would be real-time functions.
· “Non-real-time” : 
· Functions that do not have strict deadlines, and does not result in missed TTIs.

· Example: RLC ARQ, PDCP functions, and RRC/S1/X2 protocols are non-real-time functions.
Considering NRT-RT segregation of RAN functions as the primary criteria, Options 2 and 3 are the most feasible for the higher-layer functional split as described in Figure 6.1.2.2.X-1.
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Figure 6.1.2.2.X-1: NR higher-layer functional split options
The following RAN functions have a significant impact on the higher-layer functional split. Hence, it is essential to study and classify them as RT and NRT for proper placement of these functions in the RAN protocol stack. 

· ARQ

· Segmentation and concatenation
· Re-transmission prioritization

· Re-ordering of PDUs

Option 2: PDCP-RLC split 

· ARQ in DU (NR RLC), no re-transmissions over a split transport network
· Segmentation and concatenation in DU, tightly coupled between NR RLC and NR MAC (as in LTE)

· Re-transmission prioritization only in DU.

· Re-ordering in NR PDCP
Option 3: Intra-RLC split 

· ARQ in CU (NR Higher-RLC), Optional NRT segmentation in CU. 

· Re-transmissions prioritized in both CU and DU
· RT Segmentation and concatenation in DU, tightly coupled between NR L-RLC and NR MAC (as in LTE)

· Re-ordering in NR PDCP
There are two levels of segmentation in Option 3. 

· The segmentation in the ARQ at CU is used just for segmenting for re-transmissions according to the RLC status report received from the UE.

· The segmentation at DU is a real-time function and is dependent on scheduler grants, i.e. it is tightly bound to the MAC PS scheduler.

It is considered that ARQ as an NRT function which is delay tolerant while segmentation is a real-time function that needs to be closer to the radio. The rest of the functions is placed depending on the location of ARQ and segmentation. Hence, Option 2 where ARQ is in DU is not strictly meeting the NRT-RT separation criteria, while Option 3 where ARQ is in CU and hence matches the NRT-RT classification of RAN functions.  

Below provided is a pros and cons analysis of “ARQ in CU”.

Pros

· Centralization gains: ARQ is an NRT function and expensive in terms of memory and processing power. Being in 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

· Comparatively, the split is more latency sensitive than the split with ARQ in DU. 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) than Option 2. In addition, Option 2 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.

NOTE: The intra-RLC split protocol stack shown in Option 3 is based on a mapping of RAN functions to LTE protocol stack. It is RAN2 prerogative to decide on the further possible optimizations in NR protocol stack.

Conclusions:

In the initial stages, only one higher-layer split option, and at most one lower-layer need to be standardized to avoid complexity and too much effort on specification work. Other possible split options are left to implementation.

Tight LTE/NR interworking case should be discussed separately in order to avoid dependency to LTE. It should be noted that the LTE DC has already defined a PDCP-RLC split between MeNB and SeNB, which is essentially different from NR case. 

The higher-layer split options should be segregated based on RT/NRT behaviour of RAN functions. RAN functions should be placed as shown in Option 3 (ARQ function in CU), and then takes RAN2 decision of NR protocol stack into account. 

Flexibility should be supported by configuration, i.e. not defining for multiple higher-layer split options.
End of Text Proposal
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