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1
Introduction
The current functional split Option 3-1 between central and distributed unit is described in [1] as follows:
Option 3-1 Split based on ARQ
-
Low RLC may be composed of segmentation and concatenation functions;
-
High RLC may be composed of ARQ and re-ordering functions;
Description: 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. 

RAN2 reached some specific agreements regarding the NR UP protocol stack in the meeting of RAN2 #95bis (only the relevant are included here):

- The ARQ will be supported in RLC.

- In NR, the segmentation function is only placed in the RLC layer as in LTE.

- SO-based segmentation can be considered for both segmentation and re-segmentation as a baseline in NR user plane to support high data rate.

- Complete PDCP PDUs can be delivered out-of-order from RLC to PDCP. RLC delivers PDCP PDUs to PDCP after the PDU is reassembled.

- PDCP reordering is always enabled if in-sequence delivery to layers above PDCP is needed (i.e. even in non-DC case).

Furthermore, concatenation function will be defined either as MAC function or alternatively as RLC function as in LTE.
In this contribution, we propose clarifications on Option 3-1 based on the above agreements as well as discuss the concatenation layer effect on the function location inside CU or DU.
2
Discussion
2.1
Reordering
As the reordering is always enabled in PDCP and RLC provides PDCP PDUs to PDCP after the PDU is reassembled, the reordering function can be removed from the High RLC functions.

Proposal 1: High RLC does not implement reordering function.

2.2
Concatenation
Currently, the concatenation function is placed in Low RLC function in Option 3-1. However, if the concatenation was to be performed by the same layer as ARQ function (i.e. RLC layer), separating these functions sounds quite suboptimal – ARQ is operated per RLC PDU and RLC PDU cannot be formed before the concatenation decision has been made. This requires Low RLC in DU to provide High RLC in CU, information about each formed new RLC PDU, e.g., by sending the full RLC PDU back to CU (as in the current Cons of 3-1) or by only sending the RLC PDU header to CU assuming the CU has also buffered the PDCP PDUs. This is also very error sensitive approach if for some reason the information about a formed and transmitted RLC PDU does not reach CU before the UE issues for a re-transmission through RLC status report.
Hence, instead the High RLC in CU should perform the concatenation function along with ARQ function if RAN2 decides to locate concatenation into RLC. This enables that the ARQ function has always the up-to-date information about the created RLC PDUs – i.e., the RLC PDUs would be created offline in CU before they would be forwarded to DU for transmission. In practice, Low RLC would only perform RLC PDU real-time segmentation into the MAC PDU – the operation would be similar for new and re-transmitted RLC PDUs – and MAC would concatenate the RLC PDUs if there would be enough space in a MAC PDU to include multiple RLC PDUs. This also fits well to the RAN2 agreement about supporting SO-based segmentation for both segmentation and re-segmentation. For instance, upon re-transmission the High RLC could segment (without real-time constraints), the RLC PDU based on the received RLC status report from the UE and Low RLC could further re-segment the RLC PDU into MAC PDU based on real-time information, if necessary.

Similarly, this approach can be applied with concatenation function located in MAC. In this case, the High RLC pre-created RLC PDU includes one PDCP PDU which is also a special case of the RLC concatenation option, i.e., duplicate function in the stack could be removed. However, the big benefit of MAC only concatenation – compared to combined RLC and MAC concatenation approach – is that the RLC PDU header does not include LI (Length Indicator) fields. The real-time segmentation in Low RLC would become a simple process without needing to regenerate the RLC PDU header with corresponding LI fields but just modify/add the segmentation information.
The Figures 1 and 2 below illustrate an example U-plane flow of the High RLC entity in CU and Low RLC entity in DU with this approach, respectively. It should be noted that the UE RLC entity would equal to High RLC entity model.
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Figure 1: Model of acknowledged mode High RLC entity in CU / RLC entity in UE
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Figure 2: Model of acknowledged mode Low RLC entity in DU

The additional benefits of this approach (regardless of whether MAC or RLC performs concatenation):

· No requirement from Tx part of the DU (Low RLC) to inform CU (High RLC) about segmentation decisions, this is handled by UE status reports if some RLC PDU (or segment) got lost in the air interface. In case the concatenation is performed by RLC, the High RLC in CU creates RLC PDUs in advance (e.g., based on flow control to find roughly suitable sized RLC PDUs) and Low RLC segments the created RLC PDUs based on SO-based segmentation (i.e., similar to LTE re-segmentation concept). In this way, the DU does not need to inform the CU of the formed RLC PDUs. Thus, one of the following Cons listed under Option 3-1 can be removed.

DU needs to forward RLC PDUs back to CU to enable data retransmission in CU, which requires larger buffer in CU, and additional data transmission between DU and CU. Single SN for PDCP and RLC may need to be considered.

· Similar PDUs are provided over CU-DU interface (RLC PDU or RLC PDU segment), regardless of whether a new transmission or a re-transmission is being performed. 
· Minimizes the possibility for protocol errors as High RLC hosts a full-blown RLC entity that equals to UE RLC entity. 
Proposal 2: Low RLC is composed of real-time segmentation function in functional split Option 3-1.

Proposal 3: Concatenation function is performed by MAC or High RLC depending on RAN2 decision. In either case, High RLC should be capable of all RLC functions with non-real-time segmentation.
Proposal 4: RAN3 agrees on TP for TR 38.801.
3
Conclusions
Proposal 1: High RLC does not implement reordering function.

Proposal 2: Low RLC is composed of real-time segmentation function in functional split Option 3-1.

Proposal 3: Concatenation function is performed by MAC or High RLC depending on RAN2 decision. In either case, High RLC should be capable of all RLC functions with non-real-time segmentation.
Proposal 4: RAN3 agrees on TP for TR 38.801.
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11.1.2.3
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 real-time segmentation function;
-
High RLC may be composed of all RLC function with non-real-time segmentation;
This option splits the RLC sublayer into High RLC and Low RLC sublayers such that for RLC Acknowledge Mode operation, all RLC function (non-real-time segmentation) may be performed at the High RLC sublayer residing in the central unit, while the real-time segmentation may be performed at the Low RLC sublayer residing in the distributed unit. Here, non-real-time segmentation refers to the function which segments RLC PDU based on the status reports or any other feedback information from the distributed unit or UE while real-time segmentation refers to segmentation of RLC PDU into the available MAC PDU resources.
Benefits and Justification: 

-
This option will allow traffic aggregation from NR and E-UTRA transmission points to be centralized.  Additionally, it can facilitate the management of traffic load between NR and E-UTRA transmission points.

-
This option may have 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 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 may 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, since re-transmissions are susceptible to transport network latency over a split transport network.

NOTE 1:
Provided bullets for cons are based on current LTE protocol stack.
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, which are related with downlink transmission.

-
High RLC may be composed of receiving TM RLC entity, receiving UM RLC entity and a receiving side of AM except the routing function and reception of RLC status report, which are related with uplink transmission.
Transmitting: Tx RLC receives RLC SDU from PDCP and transmits these packets under the format indicator of MAC.As soon as RLC receives the PDU request from MAC, RLC must assemble the MAC SDU under the format indicator of MAC and submit the MAC SDU to MAC. In order to adapt the transport network between CU and DU, it is critical that Tx RLC is placed in DU.
Receiving: Routing receives RLC PDU from MAC and judges CONTROL PDU/DATA PDU, then submits DATA PDU to Rx RLC and CONTROL PDU to Tx RLC. When PDCP/RLC reestablishment procedure is triggered, placing Rx RLC in CU is critical in order to real-timely deliver data packets to PDCP.
Benefits and Justification: 

Option3-2 not only is insensitive to the transmission network latency between CU and DU, but also uses interface format inherited from the legacy interfaces of PDCP-RLC and MAC-RLC. Some benefits of Option3-2 are as follows:
-
This option will allow traffic aggregation from NR and E-UTRA transmission points to be centralized.  Additionally, it can facilitate the management of traffic load between NR and E-UTRA transmission points.

-
Flow control is in the CU and for that a buffer in the CU is needed. The TX buffer is placed in the DU, so that the flow controlled traffic from the CU can be buffered before being transmitted. Flow control can be done depending on fronthaul conditions
-
As Rx RLC is placed in CU, there is no additional transmission delay of PDCP/RLC reestablishment procedure when submitting the RLC SDUs to PDCP (FFS)

-
This option does not induce any transport constraint, e.g. transport network congestion. MAC submits RLC PDUs as a whole packet to RLC rather than RLC sending RLC SDUs to PDCP.
Cons:
-
Compared to the case where RLC is not split, STATUS PDU of AM Rx RLC may lead to additional time delay. Because STATUS PDU must be submitted through PDCP-Tx RLC interface from CU to DU before Tx RLC in DU transmits it over air interface, which may lead to additional transport delay. 
-
Due to performing flow control in the CU and RLC Tx in the DU two buffers are needed for transmission, one at the CU, which allows to flow control data submission to the RLC Tx, and one at the DU in order to perform RLC TX

End of Text Proposal
_1539082410.vsd
Transmission
buffer


Segmentation (non-real time) (& concatenation)


Add RLC header 


Retransmission buffer


RLC control


Routing


Reception
Buffer


Fs


AM-SAP


SDU reassembly


Remove RLC header 



_1539080973.vsd
Transmission
buffer


Segmentation (real time)


Modify RLC header 


DCCH/DTCH


DCCH/DTCH


Fs



