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1．Introduction
At RAN3#93bis, we gave our preliminary views on the CU-DU split questions.
This paper will further discuss higher-layer split options based on RAN2 NR UP agreements, and give some considerations about the option selections between central and distributed unit, i.e. whether option 3-1 is suitable to be as one of the candidate split options to be standardized. Elaborate analysis is provided as follows.
	Some agreements in RAN2 NR UP:
-  The LTE 3-layer architecture (i.e. PDCP/RLC/MAC) will be reused in NR
-  NR specification should not prohibit out-of-order deciphering of PDCP PDUs
-  PDCP reordering is always enabled if in sequence delivery to layers above PDCP is needed (i.e. even in non DC case)
-  The ARQ will be supported in RLC
-  RLC adds an RLC SN
-  Complete PDCP PDUs can be delivered out-of-order from RLC to PDCP. RLC delivers PDCP PDUs to PDCP after the PDU is reassembled
-  In NR, the segmentation function is only placed in the RLC layer as in LTE


2． Discussion
High-layer functional splits:
Here we only list options 2, 3-1 and 4 for the higher-layer functional split as described in Figure 1.
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Figure 1: higher-layer functional split options
Option 2: PDCP-RLC split, the whole RLC function is located in DU, this can reduce interactions info of intra RLC, for both RLC and MAC are located in DU, the latency requirement is relatively loose, about [1.5 ms ~10ms], which is listed in a table of [1]. 
Option 3-1: Intra-RLC split, part of RLC function is placed in DU, while part of function is placed in CU. As described in 38.801, ARQ is located in CU and segmentation is located in DU for this option, it may introduce lots of interaction info over the interface between RLC-H and RLC-L, compared to option 2, option 3-1 is more latency sensitive.
Option 4: RLC-MAC split, for option 4, at least need to transmit scheduling info between CU and DU, because scheduling is a latency sensitive procedure, high requirement on the latency of fronthaul is needed for this option. 
Elaborate analysis:
Whether option 3-1 is suitable to be as one of the candidate split options will be analyzed from different dimensions and some conclusions are made based on analysis as follows.
Firstly, we can take LTE RLC function as a baseline for study, the following descriptions and conclusions are made based on the current LTE RLC specs 36.322.
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Figure 4.2.1.3.1-1: Model of an acknowledged mode entity

Based on the model of AM RLC given in 36.322, it can be observed that the RLC PDU header can only be added after the segmentation & concatenation function. Once the RLC PDU header is added, the RLC PDU will be put into the retransmission buffer, which means the retransmission buffer will be located in DU below the segmentation & concatenation. With the retransmission buffer in DU, the buffer requirement for option 3-1 should be the same as the option 2. 

Observation 1: Since the retransmission buffer should be located below the segmentation & concatenation, the RLC retransmission buffer should be located in DU, and, with the retransmission buffer in DU, the buffer requirement for option 3-1 should be the same as the option 2. 

In addition, because the retransmission buffer is located in DU and the management of retransmission buffer is handled by the ARQ function which is located in CU, more information exchange between CU and DU is required. For example, once the ARQ function receives the status PDU from the receiver and the ARQ function found part of one RLC PDU is received successfully, due to the retransmission buffer is located in DU, the ARQ has to send some kind of segmentation information to DU to indicate DU to retransmit part of the RLC PDU in the buffer. Moreover, once the ACK for successfully transmission is received by ARQ, ARQ has to send the release indication to DU to release the corresponding RLC PDU in the retransmission buffer. No gain observed on this working process.
Observation 2: Since the retransmission buffer is located in DU and the management of retransmission buffer is handled by the ARQ function which is located in CU, more information exchange between CU and DU is required.
Furthermore, the following discussions and analysis are also made according to the agreements in RAN2#95bis.
How option 3-1 works:

As described in 38.801, ARQ is located in CU and segmentation is located in DU for split option 3-1, then we need to consider the retransmission buffer should be located in which node, and we also need to consider how option 3-1 works. For example, if retransmission buffer together with ARQ are placed in CU, it can be observed that the DU need to retransmit the RLC PDU(s) back to CU for retransmission after the segmentation function, if retransmission buffer is located in DU, ARQ needs to indicate DU which RLC PDU or PDU segment need to retransmit, in other words, ARQ only needs to indicate DU how to encapsulate a packet. So it is obvious that CU can`t generate a genuine RLC PDU when segmentation & concatenation in DU, and a genuine RLC PDU should be created by DU according to the indication info from ARQ. 
Moreover when ARQ and segmentation are placed in different node separately, it may introduce lots of interaction info over the interface between the RLC-H and RLC-L during RLC PDU packets creation procedure.
Observation 3: How option 3-1 works should be elaborated.
Latency requirement:

According to the RAN2 agreements that both segmentation and ARQ are located in RLC, considering the high coupling between ARQ and segmentation, it may be reasonable to put segmentation in RLC-H together with ARQ, if segmentation is located in DU, even if time non-sensitivity ARQ is located in RLC-H  as described in 30.801, it still further enlarge the latency to encapsulate a packet due to the interaction info exchange over the interface between RLC-H and RLC-L, in this condition, option 3-1 is more latency sensitive than other split options with ARQ and segmentation in DU, and it may also cause high cost in deployment.

Observation 4: option 3-1 is more latency sensitive than other split options with ARQ and segmentation in DU.
Impacts from RAN2#95bis agreements:

Furthermore, there are some agreements from RAN2，which will impact on CU-DU function split, the relevant agreements in RAN2#95bis are listed as below:

Agreements
-
The ARQ will be supported in RLC. 
-     In NR, the segmentation function is only placed in the RLC layer as in LTE.
-     Complete PDCP PDUs can be delivered out-of-order from RLC to PDCP. RLC delivers PDCP PDUs to PDCP after the PDU is reassembled
If RLC can deliver out-of-order RLC SDUs to PDCP, that means re-ordering and duplication detect function can be removed from RLC. Meanwhile, RAN2 also discussed whether concatenation function should be removed from RLC layer. If RAN2 comes to an agreement that concatenation is placed in MAC in the following meeting, the impact on both RLC and MAC is obvious on CU-DU function split option 3-1, and in case concatenation is removed to MAC, then what function remained in RLC-L? Therefore, RAN3 should re-research and re-analyze the rationality of option 3-1.
Observation 5: RAN3 should re-research and re-analyze the rationality of option 3-1 based on RAN2 agreements.
3． Conclusion
RAN3 is kindly to approve the following proposal:
Observation 1: Since the retransmission buffer should be located below the segmentation & concatenation, the RLC retransmission buffer should be located in DU, and, with the retransmission buffer in DU, the buffer requirement for option 3-1 should be the same as the option 2. 

Observation 2: Since the retransmission buffer is located in DU and the management of retransmission buffer is handled by the ARQ function which is located in CU, more information exchange between CU and DU is required.
Observation 3: How option 3-1 works should be elaborated.
Observation 4: option 3-1 is more latency sensitive than other split options with ARQ and segmentation in DU.
Observation 5: RAN3 should re-research and re-analyze the rationality of option 3-1 based on RAN2 agreements.
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