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1   Introduction
During past RAN3 meetings, 8 functional split options using LTE protocols as the reference were proposed for RAN internal functional spitting. In last RAN3 meeting, justification of option 3 (i.e., intra-RLC splitting) variants have been proposed in [1] [2] and captured in TR 38.801 [3]. This document presents further considerations on the variants. 
2    Discussion
During last RAN3 meeting, two variants of intra-RLC split have been captured in the TR [3], i.e., ARQ based and RX/TX based intra-RLC split options.

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;

3-2  Split based on TX RLC and RX RLC
· 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.
2.1   Option 3-1

For option 3-1, followings are some further analysis based on both DL and UL transmission.
In the DL, since segmentation and concatenation are located in DU, it is natural for the DU to add RLC header and buffer the resulting RLC PDUs. When the RLC status report feedback from UE indicates the missing PDUs which need re-transmission, CU is not able to perform retransmission without having the buffered RLC PDUs and knowing the exactly Sequence Number. There’s only one way for CU to maintain ARQ function, i.e., DU forwards RLC PDUs back to CU. Without the buffer requirements in DU, extra data transmissions between DU and CU are introduced. Besides, DU first utilizes the received RLC status report to adjust the transmitting window, and then needs to forward it to CU for data retransmission, which introduces additional time delay. In short, the solution will introduce additional time delay and double the data transmission over CU and DU.
In the UL, RLC status report is generated after reordering and reassembling. Since reordering is assumed to be in CU, the function of reassembling and generating RLC status report for UL should also been located in CU. Similar as DL transmission, the generation of RLC status report introduces additional time delay due to CU-DU interface. 
It should be noted that, in UM mode, ARQ based intra-RLC is similar as in AM mode but without ARQ functions. And as for TM mode, since RLC layer is transparent to PDCP SDUs, ARQ based intra-RLC split option is same as the option2 (PDCP-RLC split) in TM mode.
Observation 1: in order to enable AM mode data retransmission in option 3-1, DU needs to forward both RLC status report and RLC PDUs to CU.
2.2   Option 3-2

As described in [4] that status packet of a receiving side must be transmitted to a transmitting side and may lead to additional time delay, RLC status report is generated in CU where the receiving functions located, and needs to be sent through DU to UE. However, it is not clear where to locate the reception of RLC status report function for DL transmission. There is contradiction in the description of option 3-2. 
·    In TS 36.322, the receiving RLC entity is designed to deliver RLC SDUs to upper layer and receive RLC PDUs from its peer RLC entity via lower layers, where RLC PDUs include RLC data PDUs and RLC control PDUs. Based on the current specification, the reception of RLC status report is part of receiving function which is located in CU. 
·    However, it is clarified in option 3-2 that the routing function of a receiving side of AM is located in the low RLC part, which is used to enable routing of RLC data PDUs and RLC control PDUs to different paths. It can be inferred that reception of both RLC data PDUs and RLC control PDUs are located in DU, then the routing function will remain RLC control PDUs in DU, and route RLC data PDUs to CU for further process. 
Observation 2: DU receives both RLC data PDUs and RLC control PDUs, and relies on routing function to distribute them to different paths for further process, i.e. receiving the RLC control PDUs is in the DU.
As the reception of RLC status report is closely related to the transmitting side, which can be used for adjusting transmission window and triggering retransmission. In our understanding, the split is not based on the RX and TX, but UL and DL transmission i.e. all the handling for the UL transmission is in CU, while all the handling for the DL transmission is in the DU. We suggest to clearly indicate that the reception of RLC status report is located in DU as follows: 
3-2   Split based on DL/UL transmission
· Low RLC is 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 is composed of receiving TM RLC entity, receiving UM RLC entity and a receiving AM RLC entity except the routing function and reception of RLC status report, which are related with uplink transmission.
Proposal 1: It is proposed to update the clarification of intra-RLC split option 3-2.
2.3   Further Consideration on Intra-RLC split Option
It was agreed that RAN2 will focus on the protocol stack and functions of different layers at this stage. In last RAN2 meeting, following aspects have been discussed and are for further study.
· Whether concatenation should be removed from RLC[4] 
· Whether one or two reordering will be configured for NR[5]
Since the sub-functions of layer 2 are still remaining to be clarified, the intra-RLC (option 3) split option may be need further study after RAN2 to give the explicit clarification of layer 2.
Proposal 2: It is proposed to further discuss the intra-RLC (option 3) split option after RAN2 explicitly clarified the configurations of layer 2 functions.
3   Conclusion
In this contribution, the intra-RLC split options are further clarified and updated. Based on the discussion we have the following observations and proposals. 
Observation 1: in order to enable AM mode data retransmission in option 3-1, DU needs to forward both RLC status report and RLC PDUs to CU.

Observation 2: DU receives both RLC data PDUs and RLC control PDUs, and relies on routing function to distribute them to different paths for further process, i.e. receiving the RLC control PDUs is in the DU.

Proposal 1: It is proposed to update the clarification of intra-RLC split option 3-2.
Proposal 2: It is proposed to further discuss the intra-RLC (option 3) split option after RAN2 explicitly clarified the configurations of layer 2 functions.
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5   Text Proposal
-----------------------Start of Changes -----------------------
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
-
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. 

Benefits and Justification: 

-
Compared to the PDCP-RLC (Option 2) 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 over Option 2.

-
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, since both re-transmissions and the delivery of RLC status report are susceptible to transport network latency over a split transport network.
· DU needs to forward RLC PDUs back to CU to enable data retransmission in CU, which requires larger buffer in CU, and additional data transmissions between DU and CU.
· The functions inside RLC layer have highly dependence. The necessary information exchange between functions inside RLC needs carefully design.
· Considering the standardization of PDCP-RLC split for LTE-NR tight interworking, it may need more effort to push the standardization of this split option than of option 2.
Overall, Option 3-1 where ARQ is located in CU provides better pooling gains (packet processing) than Option 2 as the converging point is lower. In addition, Option 2 requires larger packet buffers in DU, while option 3-1 double the data transmission between CU and DU. 
Option 3-2 Split based on DL/UL transmission
-
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.
-----------------------End of Changes -----------------------
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