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Introduction
On the fronthauling topic, the intra RLC split (Option 3) has been studied and two approaches (Option 3-1 and Option 3-2) have been discussed. The option 3-1 is the split based on ARQ where segmentation and concatenation are in the Low RLC, and ARQ and re-ordering function are in the High RLC. On the other hand, the option 3-2 is the split with the transmitting part in the Low RLC and the receiving part in the High RLC. Their description, benefits, and justifications have been summarized in the TR 38.801 [1].
The functional split work in RAN3 has so far been based on the LTE protocol stack with the understanding that some conclusions may need to be revisited once RAN2 progress on the NR protocol stack. This contribution provides further details in regards to the recent RAN2 WA of removing concatenation in RLC and the Status Reporting generation.
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Discussion
2.1     Consideration on RAN2 WA: No RLC concatenation in NR
RAN2#96 has recently made progress on the NR RLC layer, agreed as follows:

Working assumption:

-
Support the No concatenation in RLC solution (R2-169092 [2])

=>
Aim is to confirm, or otherwise, the working assumption at the January ad hoc

Unless the working assumption is challenged in the current RAN2 meeting, RAN3 can progress our work based on this assumption. This assumption should be considered when studying intra-RLC splits and the corresponding impacts in TR 38.801 [1].

NOTE: while in theory other split options may also be affected by NR protocol stack design in RAN2, it is the option 3 which seems to be affected the most and therefore is the focus of the present contribution.
One of the main motivations for no RLC concatenation is that the processing requirement in NR is stringent significantly compared to LTE [3]. Supporting very high peak data rate and very stringent Tx/Rx processing time becomes a challenge for implementation, in preparing RLC/MAC headers related to RLC SDU. Concatenation in RLC layer means that no RLC PDU can be generated in advance (i.e. in non-real timer manner). Without RLC concatenation, the real-time preparation of MAC SDU can be made available when the transmission opportunity is indicated from the lower layer (i.e., MAC layer). This is also one of the main motivations to remove concatenation from RLC [4].
Observation 1: Without RLC split, no RLC concatenation enables the real-time preparation of MAC SDU when the transmission opportunity is indicated from the lower layer. 

From the perspective of CU-DU splits, such prompt MAC SDU preparation can be realized when all the transmitting side of the RLC entity is located in DU. Otherwise, the round-trip transport network delay between CU and DU can be a hurdle. That is, when a transmission opportunity is indicated with the total size of RLC PDU(s), the corresponding MAC SDU may not be submitted to the MAC layer on time due to the round-trip delay. For instance, if the round-trip delay is more than one TTI (which is already considered to be few hundreds miliseconds), then that transmission opportunity may be gone by the time that the generated MAC SDU is delivered to lower layer. It has to wait until new transmission opportunity comes from lower layer. If the new opportunity indicates different size, then the generated MAC SDU has to be reconstructed to match to the new size, which can incur processing and transport delays more.
The above discussions means that the option 3-1, which does not incorporate all the transmitting side of RLC entity in DU, may not be suitable to the real-time MAC SDU preparation expected from no RLC concatenation. However, this is not the case for the option 3-2 where its description clearly states that the Low RLC may be composed of transmitting RLC entity.

Observation 2: The option 3-1 may not be suitable to the real-time MAC SDU preparation expected from no RLC concatenation in RAN2 WA.

Based on these considerations above, it is proposed to agree that option 3-1 may not be suitable to the real-time MAC SDU preparation.
Proposal 1: option 3-1 may not be suitable to the real-time MAC SDU preparation.
2.2     Consideration on Status Reporting procedure
In [5], the details of the Status Reporting procedure has been specified for RLC AM mode. The RLC AM sends STATUS PDUs to its peer in order to provide positive and/or negative acknowledgements of RLC PDUs (or portions of them). 

The trigger to initiate STATUS reporting can be done by polling from its peer, or a detection of reception failure of an RLC data PDU. When it is triggered, it has been specified that the STATUS PDU is constructed at the first transmission opportunity indicated by lower layer, and is constructed at the first transmission opportunity after t-StatusProhibit expires if t-StatusProhibit is running. The reason is because STATUS PDU needs to reflect the most recent ACK/NACK status at the time that it is actually transmitted.
However, in order to construct a STATUS PDU, RLC needs to process the reception buffer (after HARQ reordering). For both options 3-1 and 3-2, the reception buffer is located in CU. This means that, for both options, when constructing a STATUS report (at the first transmission opportunity indicated by lower layer that enables such construction), it needs to access the reception buffer in CU, compile a STATUS PDU, and submit it to the lower layer. From the time of construction indicated until its submission, the round-trip delay of the transport network between CU and DU is inevitable.

Observation 3: In both options 3-1 and 3-2, the round-trip delay between CU and DU is inevitable from the time of STATUS PDU construction indicated from lower layer until submission to lower layer. 
The similar problem can happen as discussed above. The constructed STATUS PDU should fit to the total size of RLC PDU(s) indicated by lower layer. If the round-trip transport network delay is more than one TTI, then that transmission opportunity may be gone by the time that the constructed STATUS PDU is ready for submission to lower layer. It may have to wait until new transmission opportunity comes from lower layer. If the new opportunity indicates lower total size, then the constructed STATUS PDU has to be reconstructed or reduced to match to the new lower size. 

Even if the re-sizing may not be the critical issue for STATUS PDU, the above discussion implies that there is a chance that the STATUS PDU may not reflect the current reception status. It may request retransmission of the already received packets during the round-trip transport delay and waiting time for new transmission opportunity. Considering the NR’s high-throughput capability, this may significantly waste radio resources. 

Observation 4: Considering the NR’s high-throughput capability, STATUS PDU may request retransmission of already received packets during the round-trip transport delay and waiting time for new transmission opportunity in both options 3-1 and 3-2.
The above observations regarding Status Reporting procedure should be included in TR 38.801 [1] for both options for complete description of the intra-RLC functional split.
Proposal 2: RAN3 to capture round-trip transport delay between CU and DU issue on RLC Status Reporting procedure for options 3-1 and 3-2.
A pCR with respective changes to TR 38.801 [1] is provided in [6] and in the appendix below.
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Conclusions and proposals

In this paper the following observations are made:
Observation 1: Without RLC split, no RLC concatenation enables the real-time preparation of MAC SDU when the transmission opportunity is indicated from the lower layer. 

Observation 2: The option 3-1 may not be suitable to the real-time MAC SDU preparation expected from no RLC concatenation in RAN2 WA.

Observation 3: In both options 3-1 and 3-2, the round-trip delay between CU and DU is inevitable from the time of STATUS PDU construction indicated from lower layer until submission to lower layer. 
Observation 4: Considering the NR’s high-throughput capability, STATUS PDU may request retransmission of already received packets during the round-trip transport delay and waiting time for new transmission opportunity in both options 3-1 and 3-2.
Based on the discussion and the observations above, we propose:

Proposal 1: option 3-1 may not be suitable to the real-time MAC SDU preparation.
Proposal 2: RAN3 to capture round-trip transport delay between CU and DU issue on RLC Status Reporting procedure for options 3-1 and 3-2.
A pCR with respective changes to TR 38.801 [1] is provided in [6] and in the appendix below.
4  Text proposal for TR 38.801
--------------------------------------------Start of text proposal---------------------------------------------
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 segmentation and concatenation functions;
-
High RLC may be composed of ARQ and re-ordering functions;
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: 

-
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 may provide centralization or pooling gains.

-
The failure over transport network may also be recovered using the end-to-end ARQ mechanism at CU. This may provide 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.

-
It may reduce 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)
-
This option may provide an efficient way for implementing intra-gNB RAN-based mobility.

-
This option may provide an efficient means for implementing integrated access and backhaul to support self-backhauled NR TRPs.

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.
-
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.
-
The round-trip transport delay between CU and DU is inevitable from the time of STATUS PDU construction indicated from lower layer until submission to lower layer. STATUS PDU may request retransmission of already received packets during the transport delay and waiting time for new transmission opportunity.
NOTE 1:
Provided above bullets for cons are based on current LTE protocol stack.
-
This option may not be suitable to the real-time MAC SDU preparation when indicated by lower layer, which is expected from RAN2 working assumption of removing RLC concatenation.

NOTE 2:
The above bullet is based on NR 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
-
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.
-
The round-trip transport delay between CU and DU is inevitable from the time of STATUS PDU construction indicated from lower layer until submission to lower layer. STATUS PDU may request retransmission of already received packets during the transport delay and waiting time for new transmission opportunity.
-
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-------------------------------------------
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