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Introduction
It is expected that the NR addresses new use cases for mobile networks [1] with different set of more challenging requirements [2] that has been defined for LTE. Some of those requirements are:
High speed mobility
This agreed requirement includes support for high speed mobility, targeting up to 500 km/h. The fast changing radio environment may cause problems to link adaptation and sudden deterioration of the connection link that might require retransmissions to keep up with the end-user performance.
High reliability with low latency 
Also is has been defined, high reliability for Ultra-Reliable and Low Latency Communications (URLLC) up to 10-5 error within a 1 ms one way latency. For certain applications, even 10-9 maximum error is required. This means that any error correction has to be done fast and therefore handled by the RAN protocols efficiently.
Very high data rates and high frequency operation 
With respect to data rate, for eMBB the target peak data rates are 20 Gbps for downlink and 10 Gbps for uplink. In order to be able to provide those very high data rates to end users, NR will be designed to operate in high frequencies where wider spectrum bands are available. The effect of high frequency operation is similar to the very high speed mobility case in a very dense network due to the use of beamforming to compensate for the higher path loss in comparison to lower frequencies operation, i.e. the channel conditions may change very rapidly.
[bookmark: _Ref178064866]Discussion
The reliability services provided by the link protocols to higher layers have been proven to be very beneficial to provide an improved end-user performance and optimize the capacity and spectrum utilization of the mobile networks. In LTE the retransmission of erroneous data units are mainly handled by MAC by using hybrid-ARQ mechanisms and by RLC-AM which takes care of the residual errors for services that requires high reliability such as the high speed TCP transfers.

RLC and MAC
The LTE RLC design has allowed the handling of different services with different requirements. For example, for some services the most important is an error-free delivery meanwhile for other services latency and low overhead are the main needs. By providing different operation modes, the LTE RLC provides a flexible and yet well coherent mechanisms and modularity that has been proven to be simple and self-contained in commercial implementations. It is this flexibility and modularity what has allowed the networks to serve use cases that were not in place when LTE was been standardized and therefore making it forward compatible with such cases.
In 5G, reliability requirements come together with latency requirements that challenge the benefit of keeping the two-level retransmission structure that LTE has and calls for further improvements in the reliability of the MAC layer to serve such use-cases. Such improvements are not free of impacting other areas, such as retransmission latency, decoding and processing times and might increase the requirements on hardware. 
One of the aspects of the HARQ reliability has to do with the probability of misinterpreting a negative acknowledgement as a positive acknowledgment. Such error is in the order of 10-4 to 10-3 and it would be very expensive in terms of transmission power (since is not possible to apply coding to the one bit feedback) to reduce the feedback error further without increasing the latency. One possibility is to bundle several acknowledgement together, which would allow the addition of a CRC if the acknowledgment indication consist of, for example, a bitmap with acknowledgements for several HARQ processes. This approach of bundling several acknowledgements would make it possible to increase the reliability of the acknowledgements in exchange of increasing retransmission latency in some cases and requiring higher memory capacity for the ongoing HARQ processes than for the single bit acknowledgement transmission.
[bookmark: _Toc450767552]The increasing of the HARQ reliability has an impact in other aspects of the performance of the system and requirements of the equipment.

In the great majority of the cases, the network main requirements for reliability are given by mobile broadband traffic which is mainly composed by TCP traffic. For these cases, packet loss would trigger congestion-avoidance mechanisms that would reduce the bitrates even if the loss is not due to congestion, and it has been shown that a high-speed TCP file transfer requires loss rates no more than 10-5 to 10-6  [2][3]. This is still the case even when the state-of-the-art TCP implementations has improved the performance quite a lot compared to legacy (see Figure 1).
For low loads, the main factor impacting the TCP throughput are HARQ losses which are not recovered by RLC, as can be seen since RLC AM performs significantly better than RLC UM. For higher loads on the other hand, the increase of the RTT due to the reduction of the available bitrates for the users have a larger impact on TCP throughput than the lack of RLC retransmissions in the bitrates as can be seen that the gain of RLC AM over RLC UM is reduced as the load increases. This is due to the fact that TCP is more sensitive to errors when operating at high link rates. In other words, TCP requires a lower residual loss rate when it is supposed to utilize an underlying link offering higher data rates or longer end-to-end latency.
[bookmark: _Toc450767553]If the HARQ reliability is not increased, it is still required a two-stage reliability in order to meet the performance requirements of several applications and scenarios

Figure 1: Mean and 5th percentile FTP object bitrate for a LTE system with different loads in a 3GPP case 3 scenario at 60 km/h
The wide options of deployments for 5G NR also introduces some challenges in the carriers characteristics whereas higher frequencies are able to provide more bandwidths but with higher probability of path fading than lower frequencies. This would mean that the network might be required to schedule retransmissions which might need to use a totally different transport block than the original transmissions, which would lead to re-segmentations in RLC. This functionality is available in the RLC AM from LTE and it is still relevant in the NR context.
[bookmark: _Toc450844920][bookmark: _Toc450845317][bookmark: _Toc450845923][bookmark: _Toc450845998][bookmark: _Toc450931980][bookmark: _Toc450767554][bookmark: _Toc450951597][bookmark: _Toc450951632]Maintain configurable ARQ mechanisms in RLC protocol as a baseline for NR  
[bookmark: _Toc450844921][bookmark: _Toc450845318][bookmark: _Toc450845924][bookmark: _Toc450845999][bookmark: _Toc450931981][bookmark: _Toc450951598][bookmark: _Toc450951633]Study justified improvements in order to improve reliability and efficiency of the radio link protocols’ ARQ operation

PDPC 
In LTE, Dual Connectivity is split at the PDCP level. This kind of split has proven to be useful to provide connectivity also through other associated RATs such in LTE-WLAN aggregation (LWA). In LTE, PDCP only triggers UL retransmissions during the PDCP reestablishment procedure and the PDCP data recovery procedure on reception of RRC reconfiguration. In Release-8, after the UE connects to the target cell during handover, it will retransmit all the PDUs that haven not been acknowledged (by assistance of RLC AM). Optionally, the UE might be configured to wait for PDCP status report which informs the UE which PDCP PDUs have been received. In Release-12 the data recovery procedure was introduced and intended only for the PDCP split bearer. The UL retransmissions behaviour is the same as for PDCP reestablishment and the procedure is triggered when the secondary leg is removed or changed. Therefore the PDCP retransmission is basically ordered by RRC. The failure of the secondary leg may be informed by measurement reports or the SCG-failure procedure by an RRC indication transmitted by the UE.
For NR, it is expected that the Dual Connectivity framework is evolved to allow additional transmission points to the two entities approach of Dual Connectivity and effectible enabling Multi-Connectivity [4]. The deployment of Multi-Connectivity (MC) would aggregate links of heterogeneous radio quality, especially in the context of high frequencies deployments. A MC leg's radio quality could degrade quite fast and the ongoing transmissions (UL and DL) in such leg might get compromised. Therefore, a recovery mechanism that operates between different MC legs and minimizes or eliminates the data loss probability may be required.
The triggering procedures adapted to the higher cardinality nature of multiconnectivity with respect to dual connectivity also need to be considered. Additionally, the LTE PDCP retransmission possibilities might not be sufficient to cover the situations where the primary leg is the one degrading fast or the new challenging latency requirements cannot be fulfilled with the available triggering procedures and simultaneously keeping the robustness of the connection due to the RRC based procedures. In this aspect, it is important to be careful with proposing additional ARQ mechanisms for PDPC. PDCP is forwarded over transport networks in LTE, and therefore as it is well know from WCDMA experience, it is quite easy to end up in transport network congestion due to protocol retransmission dynamics. In consequence, a solution for MC requires additional congestion control mechanisms to the today available from LTE and the ARQ PDCP improved mechanisms should be considered only for the exceptional cases where they are required.
[bookmark: _Toc450844922][bookmark: _Toc450845319][bookmark: _Toc450845925][bookmark: _Toc450846000][bookmark: _Toc450931982][bookmark: _Toc450767555][bookmark: _Toc450951599][bookmark: _Toc450951634]RAN2 should study in which situations PDCP retransmissions are useful in NR, e.g. losing a leg in multi-connectivity scenarios.
Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	Maintain configurable ARQ mechanisms in RLC protocol as a baseline for NR
Proposal 2	Study justified improvements in order to improve reliability and efficiency of the radio link protocols’ ARQ operation
Proposal 3	RAN2 should study in which situations PDCP retransmissions are useful in NR, e.g. losing a leg in multi-connectivity scenarios.
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Annex
Simulation assumptions
	Variables
	Value

	Cellular layout 
	21 cells (7 sites); 3GPP case 3 settings

	System setup
	10MHz bandwidth, 2GHz carrier frequency, eNB transmission power 20W, and SIMO transmission mode

	Simulation duration
	100 seconds

	Channel 
	Typical Urban

	Propagation model
	3GPP Typical Urban 

	RTTmin
	40 ms

	Scheduler
	DL scheduler: Proportional Fair UL scheduler: Proportional Fair

	AQM 
	maxAgeThreshold = 0.5s	 

	TCP
	TCP Legacy (Cubic) and Linux TCP with Cubic (Congestion Control)
No packet pacing enabled, initial CWND = 10 segments

	User generation
	Poisson arrival based user generation. User is randomly located with a 10MB FTP DL 20 times and 0.5ms idle time between transfers.
Maximum offer load is ~16Mbps/cell (100%)	

	Mobility
	UE moves straightly 60 km/h and 120 km/h at a random selected direction, ideal handover model (no user plane interruption, i.e. instant handover)

	RLC
	AM = PDCP/RLC AM
UM = PDCP/RLC UM



Additional results

Figure 2: Mean and 5th percentile FTP object bitrate for a LTE system with different loads in a 3GPP case 3 scenario at 120 kmph
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