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1
Introduction
At RAN3#91bis, potential functional split between central unit and distributed unit was agreed and captured in TR 38.801.
In this paper, we further discuss possible options for NR functional split and propose to agree on the TP for TR 38.801.
2
Discussion
2.1
Fronthaul split categorization
RAN3#91bis agreed function split between central and distributed units are shown below.
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Figure D.1-1: Function Split between central and distributed unit

Latency, Bandwidth, scalability, interface complexity etc. are some of the major factors influencing the FH (fronthaul) split. Considering this, FH split could be classified into two categories.

a. Higher-layer (HL) split: Option 1 through option 4 (spit MAC layer or above)
b. Lower-layer (LL) split:  Option 5 through option 7 (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 FH 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 FH transport network.

Since RAN3 agreed not to specify TNL protocol and L1 part should generally be stable as soon as possible to introduce NR in earlier phase, L2 part (HL split) should be studied first in RAN3. 
Proposal 1:
RAN3 agrees to firstly study on higher-layer split options.

2.2
Analysis of higher-layer fronthaul split
The HL 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 FH requirements and hence suitable to be taken away from radio. The RT functions, which come with strong FH requirements need to be closer to the radio and hence could be distributed. 
Therefore, it is assumed that the higher-layer (HL) split (i.e. split MAC layer or above) could be segregated based on NRT and RT characteristic of 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 2:
RAN3 agrees to segregate the HL split options based on RT/NRT behaviour of RAN functions.
Based on the NRT-RT segregation of RAN functions, the following Option A through Option D are possible options for HL FH split.
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Figure 1: NR HL FH split options
Option A: PDCP-RLC split (Option 2 in the TR 38.801)
· ARQ in DU (NR RLC), no re-transmissions over FH.

· Segmentation and concatenation in DU, tightly coupled between NR RLC and NR MAC (as in LTE)

· Re-ordering in NR PDCP.

Option B: Intra-RLC split (New option)
· ARQ in CU (NR H-RLC), Optional segmentation in CU. 

· Re-transmissions prioritized in CU and DU.

· Segmentation and concatenation in DU, tightly coupled between NR L-RLC and NR MAC (as in LTE)

· Re-ordering in NR PDCP.

Option C: RLC-MAC split (Option 3 in the TR 38.801)
· ARQ in CU (NR RLC), 

· Re-transmissions prioritized in CU.

· Segmentation and concatenation in DU (NR MAC)

· Re-ordering in NR PDCP.

Option D: PDCP-MAC split (New option)
· ARQ in CU (NR PDCP), 

· Re-transmissions prioritized in CU.

· Segmentation and concatenation in DU (NR MAC)

· Re-ordering in NR-PDCP.

At least the following RAN functions have a significant impact on the HL FH split. Hence, it is very essential to study and classify them as RT and NRT for proper placement of these functions in the RAN protocol stack. 
· ARQ

· Segmentation

· Re-transmission prioritization

· Re-ordering of PDUs

Evaluation criteria is also proposed in [1].

Proposal 3:
RAN3 agrees to further study on the above mentioned options for HL split and capture TP provided for TR 38.801.

3
Conclusions
Proposal 1:
RAN3 agrees to firstly study on higher-layer split options.

Proposal 2:
RAN3 agrees to segregate the HL split options based on RT/NRT behaviour of RAN functions.
Proposal 3:
RAN3 agrees to further study on the above mentioned options for HL split and capture TP provided for TR 38.801.
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Beginning of Text Proposal

6.1.2
RAN internal functional split
Editor’s note: Some text reflecting current agreements / discussion status related to functional split between central and distributed units are tentatively captured in the Annex, but the intention is to move relevant content under this section when discussion status / text become more mature.
6.1.2.X
Analysis of higher-layer split option

The HL 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 FH requirements and hence suitable to be taken away from radio. The RT functions, which come with strong FH requirements need to be closer to the radio and hence could be distributed. 

Therefore, it is assumed that the higher-layer (HL) split (i.e. split MAC layer or above) could be segregated based on NRT and RT characteristic of 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.
Based on the NRT-RT segregation of RAN functions, the following Option A through Option D in Figure 6.1.2.X-1 are possible options for HL FH split.
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Figure 6.1.2.X-1: NR HL FH split options
Option A: PDCP-RLC split

· ARQ in DU (NR RLC), no re-transmissions over FH.

· Segmentation and concatenation in DU, tightly coupled between NR RLC and NR MAC (as in LTE)

· Re-ordering in NR PDCP.

Option B: Intra-RLC split 

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

· Re-transmissions prioritized in CU and DU.

· Segmentation and concatenation in DU, tightly coupled between NR L-RLC and NR MAC (as in LTE)

· Re-ordering in NR PDCP.

Option C: RLC-MAC split 

· ARQ in CU (NR RLC), 

· Re-transmissions prioritized in CU.

· Segmentation and concatenation in DU (NR MAC)

· Re-ordering in NR-PDCP.

Option D: PDCP-MAC split 

· ARQ in CU (NR PDCP), 

· Re-transmissions prioritized in CU.

· Segmentation and concatenation in DU (NR MAC)

· Re-ordering in NR PDCP.

At least the following RAN functions have a significant impact on the HL FH split. Hence, it is very essential to further study and classify them as RT and NRT for proper placement of these functions in the RAN protocol stack. 

· ARQ

· Segmentation

· Re-transmission prioritization

· Re-ordering of PDUs

End of Text Proposal
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