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Introduction
The draft of the RAN3 TR 38.801 [1] captures 8 functional split options, which are provided in Figure 1.   


Figure 1 - Function Splits Under consideration between central and distributed unit
A previous contribution [2] had provided some important considerations for these options, including potential benefits of an Option 3-1 split (split based on ARQ). This contribution provides additional benefit consideration of an Option 3-1 functional split.

Discussion 
As observed in [1], the Option 3-1 functional split may have the following benefits:
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)

In this contribution we would like to bring to attention further benefits of an Option 3-1 split for the following scenarios:
· Intra-cell RAN-based Layer-2 mobility
· Integrated access and backhaul
 
Intra-cell RAN-based Layer-2 Mobility
RAN2 had made the following agreement [3] regarding NR mobility:
Agreement:
	In connected mode, intra-cell mobility can be handled by mobility without RRC involvement. 
-FFS whether there may be cases that do require RRC involvement.

Intra-cell mobility may include mobility between different beams from the same TRP or from different TRPs that share the same cell ID. For example, Figure 1 below shows an Option 3-1-based mmWave NR deployment where NR TRPs RU-A, RU-B and CU share the same cell ID. Note that the CU node may be an LTE macro site that also hosts an NR TRP, and serves as the CU for RU-A and RU-B. So per Option 3-1, the PDCP and RLC-H sub-layers of the RU-A and RU-B TRPs are centralized at CU. The blue circles show the coverage of each NR TRP, while the larger light grey circle shows the area under a shared Cell ID. In such a situation, the mobility of the depicted UE from RU-A to RU-B can be handled without RRC involvement per the above RAN2 agreement. Option 3-1 provides the following advantages in such a scenario:
· Since the RLC-H at the CU handles the ARQ function, any pending RLC retransmissions after the UE moves to a different TRP within the same Cell ID can be seamlessly be handled by RLC-H. 
· Since RLC-L at the RU handles segmentation and reassembly, if there is a need to re-segment an RLC PDU after the UE moves to a different TRP (possibly due to different channel conditions being experienced at RU-B), the local RLC-L can efficiently handle the re-segmentation in real time. 
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Figure 2 – Illustration of RAN-based Mobility for Option 3-1 Deployment

Due to the above reasons, we make the following observation:

Observation 1: Option 3-1 may provide an efficient architecture for implementing intra-cell RAN-based layer-2 mobility for NR.

Proposal 1: It is proposed that Observation 1 be captured in TR 38.801 per text proposal in Section 3. 

Integrated Access and Backhaul
RAN1 has discussed support of integrated access and backhaul (IAB) for NR, and has concluded to study mechanisms for joint operation of access and backhaul, including multi-hop and multi-site connectivity [4]. Operating NR systems in mmWave spectrum presents some unique challenges. MmWave systems may experience severe short-term blocking that cannot be readily mitigated by RRC-based handovers. This is because RRC-based handovers operate over larger time scales compared to short-term blocking. Overcoming short-term blocking in mmWave systems may require fast RAN-based Layer-2 switching between TRPs, much like dynamic point selection. 
Furthermore, the native deployment of massive MIMO systems in NR also creates an opportunity to develop and deploy integrated access and backhaul links. This may allow easier deployment of a dense network of self-backhauled NR cells in a more integrated manner. An example illustration of a network with such integrated access and backhaul links as shown in Figure 2, where relay nodes can multiplex access and backhaul links in time, frequency, or space (e.g. beam-based operation).
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 Figure 2 – Integrated access and backhaul links
The above described need to mitigate short-term blocking for NR operation in mmWave spectrum along with the desire for easier deployment of self-backhauled NR cells creates a need for the development of an integrated framework that allows fast Layer-2 based access and backhaul switching.
Option 3-1 lends itself very nicely to this type of an IAB framework because of the ability to perform efficient RAN-based Layer-2 switching as described in section 2.1. For example, in Figure 2 above, consider UE-1, which receives its access link beam from TRP C, and TRP C is self-backhauled via donor TRP A. For a network architecture with Option 3-1 function split, the user plane protocol stack for this scenario may look as shown in Figure 3 below. Note that UE-1 will be unaware of the mid-RLC split on the network side, so the RLC-H and RLC-L functionality shown in the figure for UE-1 is for discussion purposes only. 
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Figure 3 – Option 3-1 based protocol stack for integrated access and backhaul

An Option 3-1 split provides the following benefits for this scenario:
· The RLC-H residing at the donor is able to provide end-to-end ARQ between the donor and UE-1. This provides very clear visibility to the donor cell regarding which RLC PDUs have been successfully received by the UE even if there is a mid-stream route switch of the path between the donor and UE-1. 
· The RLC-L residing at each individual TRP allows each relay and access link to flexibility re-segment RLC PDUs according to perceived channel quality. 
· The PDCP link between the donor and UE-1 allows end-to-end ciphering of user plane data transmissions across all relay and access links traversed between the donor and UE-1.
The above benefits lead to the following observation:

Observation 2: Option 3-1 may provide an efficient architecture for implementing integrated access and backhaul to support self-backhauled NR TRPs. 

Proposal 2: It is proposed that Observation 2 be captured in TR 38.801 per text proposal in Section 3.

Text Proposal
--------------------------------------------------Start of Changes -----------------------------------------------------
[bookmark: _Toc461015251][bookmark: _Toc461038381][bookmark: _Toc465269097]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.
[bookmark: _GoBack]-	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-to-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)
· This option may provide an efficient architecture for implementing intra-cell RAN-based Layer-2 mobility
· This option may provide an efficient architecture for implementing integrated access and backhaul to support self-backhauled NR TRPs
Conclusions
The following observations were made:
Observation 1: Option 3-1 may provide an efficient architecture for implementing intra-cell RAN-based layer-2 mobility for NR
Observation 2: Option 3-1 may provide an efficient architecture for implementing integrated access and backhaul to support self-backhauled NR TRPs. 
The observations lead to the following proposal(s):
Proposal 1: It is proposed that Observation 1 be captured in TR 38.801 per text proposal in Section 3.
Proposal 2: It is proposed that Observation 2 be captured in TR 38.801 per text proposal in Section 3.
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