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1
Introduction
The description of the work item for New Radio Access technology [1] includes the following text:

-
Radio Access Network architecture, interface protocols and procedures for functional split between central and distributed units, covering: 
-
Normative stage-2/3 specification of one higher layer split (appropriate selection from option 2 and option 3-1 shall be determined in April 2017 meeting of RAN3).

This paper further discusses faster retransmission of lost RLC packets and related issues regarding reliability of Option 2.
2
Discussion
During the study item phase, it was discussed how to support faster retransmission of lost RLC packets from CU in Option 2, but no solution was provided. 
2.1
Analysis
The specific scenario is as following: A UE moves from one DU to another DU with some handover procedure involved. A number of RLC PDUs are lost on the air interface and cannot be retransmitted from the source DU since the UE is already attached to the target DU. In that case, the target DU needs to retransmit the lost RLC packets. 
In Option 2, these RLC PDUs are buffered in the source DU. Two possibilities exist:

a)
The source DU forwards the RLC PDUs to the target DU via the CU. This requires a routing function for RLC PDUs in the CU in addition to the DU, e.g. based on the logical cell ID to which the UE attached in the target DU.
b)
The PDCP layer in the CU maintains an additional buffer to handle those retransmissions on PDCP level. The source DU indicates to the CU that some data could not be successfully sent to the UE. The CU maps this information to PDCP PDUs, and sends the relevant PDCP PDUs to the target DU.
In Option 3-1, RLC PDUs are already buffered in the CU. Retransmissions of RLC PDUs will occur as part of the ARQ function to the target DU.

The following overview table shows a summary of the different options.

	O2; Option a)
	O2; Option b)
	O3-1

	Latency after detection of lost packet in DU: 2x FH latency
Requires support for RLC PDU routing function in CU and DU, and Fs interface
	Latency after detection of lost packet in DU: 2x FH latency

Requires additional PDCP buffering in CU, ARQ-like function for PDCP, notification on Fs interface
	Latency after detection of lost packet in DU: 2x FH latency

No additional function is required.


Table 2.1-1: Comparison of Options for fast RLC PDU retransmissions
Observation 1: Option 3-1 enables fast centralized retransmission of RLC PDUs without additional functions. The complexity of the other options with Option 2 is higher.
2.2
Performance Evaluation of Option 3-1
A performance evaluation of Option 3-1 by means of a packet-level system simulation has been conducted. The simulation is based on a modified ns-3 simulator which implements the full NR radio protocol stack, transport protocols, as well as TCP. Flow-control between CU and DU has been implemented.
	Simulation Parameter
	Value

	Cell configuration
	Single cell

	Carrier frequency
	28Ghz

	Carrier Bandwidth
	100Mhz

	Channel model
	AWGN

	Maximum number of HARQ (re-)transmissions
	5

	DL received signal SNR range
	[0..26] dB

	HARQ initial BLER target
	0.1

	Fronthaul latency
	Co-located (0ms, non-split)
6ms to 100ms

	RLC mode
	Acknowledged Mode

	TCP Variant
	New Reno

	TCP Window Scaling
	enabled

	User traffic model
	Bulk traffic


Table 2.2-1: Simulation assumptions
Table 2.2-1 shows the simulation assumptions. Note that in realistic scenarios, the average BLER after HARQ is quite low and should be in the range of 10e-5, or even lower in case of very good channel qualities. Higher values should only occur in case of very bad channel conditions.
For the Fronthaul (FH) latency values, we assume that a maximum of 10ms should be considered for a typical network, which is also described in TR 38.801 and TR 38.913. Nevertheless, in some extreme cases, even higher values are possible. 
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Figure 2.2-1: Impact of Fronthaul latency for different channel qualities
Figure 2.2-1 shows the impact of Fronthaul latency on the TCP throughput performance in case of different channel conditions at the UE. It can be observed that even with high Fronthaul latency values, the TCP throughput is not impacted. The reasons for this behaviour are as following
-
TCP is able to adapt even to long end-to-end latencies if configured correctly.
-
RLC retransmissions occur only very rarely in this scenario and with an according configuration of the network. In the shown scenario, the BLER of the initial HARQ transmission is 10% (0.1), with up to 4 retransmissions, which is a typical configuration for LTE.
Observation 2: The impact of Fronthaul latency on TCP throughput performance is not visible in scenarios with a correctly configured network.
2.3
Proposal

TR 38.801 contains a detailed list of pros and cons of both Options 2 and 3-1. This list copied in Table 2.3-1 for better comparison.

	Option 3-1
	Option 2-1

	Benefits

	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 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 centralized

	This split option may also have better flow control across the split
	Fundamentals for achieving a PDCP-RLC split have already been standardized for LTE Dual Connectivity, alternative 3C. Therefore this split option should be the most straightforward option to standardize and the incremental effort required to standardize it should be relatively small. [Further study needed for C-plane]

	Centralization gains: ARQ located in the CU may provide centralization or pooling gains
	The alignment between LTE-NR tight interworking and functional split may be beneficial at least in user-plane, considering migration.

	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.
	

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

	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 
	

	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) [Pending to multi-connectivity]
	

	This option may provide an efficient way for implementing intra-gNB RAN-based mobility
	

	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
	


Table 2.3-1: Comparison of benefits and cons of Option 3-1 and Option 2-1
We can observe from the comparison that there is in summary a clear technical advantage for Option 3-1. Additionally, simulation results have proven that Option 3-1 is not more latency sensitive than Option 2.
Observation 3: The comparison of technical benefits shows that there is in summary a clear technical advantage for Option 3-1.

Based on this observation, it is proposed to agree on Option 3-1 for normative work.
Proposal: It is proposed to agree on Option 3-1 for normative work.

3
Summary
Observation 1: Option 3-1 enables fast centralized retransmission of RLC PDUs without additional functions. The complexity of the other options with Option 2 is higher.

Observation 2: The impact of Fronthaul latency on TCP throughput performance is not visible in scenarios with a correctly configured network.
Observation 3: The comparison of technical benefits shows that there is in summary a clear technical advantage for Option 3-1.
Proposal: It is proposed to agree on Option 3-1 for normative work.
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