3GPP TSG-RAN WG2 Meeting #93bis
R2-162499 
Dubrovnik, Croatia, 11 - 15 April 2016
Agenda item:
9.2
Source:
Nokia, Alcatel-Lucent Shanghai Bell
Title:
Multi-connectivity considerations for New Radio
WID/SID:
FS_ NR_newRAT
Document for:
Discussion and Decision

1
Introduction
In RAN#71 meeting, the SID proposal RP-160671[1] is approved to develop an NR access technology to meet a broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC, and additional requirements defined during the RAN requirements study. This paper addresses the radio interface procedures aspect, in particular discusses how the multi-connectivity is foreseen in the new radio.
2
What is multi-connectivity?
In this contribution, the term "multi-connectivity” (MC) is used to refer to the operation where for a given UE radio resources are configured from at least two different network points. In LTE, different technologies have been specified to aggregate the radio resources in specific deployment scenarios e.g. CoMP, carrier aggregation, dual connectivity and LTE-WiFi interworking (LAA). For the NR, “multi-connectivity” intends to provide an umbrella to cover all the potential options which envisions the performance enhancements in the future. 

As shown in figure.1, the proposed NR-multi-connectivity definition not only includes the solutions to aggregate the radio resources from cells operating on the different carrier frequencies, i.e. CA or DC, but also considers the possibility to utilize the radio resources from cells operating on the same frequencies e.g. JT-/DPS-CoMP as lower layer method, and higher layer methods as the Multi-flow feature in 3G. It may inherit some of the LTE specified solutions, meanwhile it may also develop new potentials to meet the diverse requirements of the 5G use cases.
Note that in the figure we are using the expression intra-site in the sense that it comprises the cases where the antennas are at different sites, but at least the MAC layer and above are at the same site, such as deployments with remote radio heads.
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Figure.1 multi-connectivity scope for new radio

3
Multi-connectivity for New Radio
3.1
Why multi-connectivity?
According to TR38.913 [2], the NR shall be developed addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including Enhanced mobile broadband (eMBB), Massive machine-type-communications (mMTC) and Ultra reliable and low latency communications (URLLC). Some of the scenarios have been considered in LTE which shall be taken as the baseline for NR multi-connectivity. Additionally, multi-connectivity for NR is supposed to provide an efficient and flexible solution to meet the requirements for all the scenarios in the following aspects: 
· Throughput enhancement in both DL and UL for eMBB.
· Connection robustness to minimize connection failures and to ensure continuous quality of services (QoS) due to the multiple connections being active for both eMBB and URLLC.
· Seamless mobility to achieve “zero” handover interruption time for eMBB;

· Ultra-high reliability to ensure error-free transmission for both user plane and control plane for URLLC.

· Ultra-low latency to provide in-time data transmission and/or control signalling configuration for URLLC. 
3.2
What is foreseen on multi-connectivity?
Considering the objectives of the NR study item, the multi-connectivity for NR should be designed taking into account at least the following capabilities:

1) Supporting various NR RAN architecture deployment scenarios. 

The challenge for the NR system architecture is to unify all requirements into one flexible system. The logical NR RAN architecture needs to support logical entities and interfaces such that a flexible placement and scaling of logical entities is enabled. On this basis, multi-connectivity is expected to be applicable irrespective of how the RAN architecture is deployed. Specifically, the multi-connectivity options need be developed to aggregate the radio resources from distributed scenarios; it shall also be adapted agilely to centralized scenarios or even the scenarios in presence of the front hauls. In particular, it shall handle cases where the HARQ round-trip time (RTT) and/or front haul latencies across the network points serving the UE may possibly be different.  
2) Enabling control plane multi-connectivity
In LTE, the multi-connectivity options have been targeting the capacity enhancement e.g. CA and DC. The radio resources from multiple cells are aggregated for user plane transmission, while the control plane signaling and messages are delivered to the UE in the primary cell only. Since the NR considers frequency ranges up to 100 GHz, it would be natural to utilize multi-connectivity to bind the potential bands for ultra-high capacity. However, it poses new requirements of ultra-high reliability and ultra-low latency for URLLC, as well as the continuous 100Mbps performance everywhere, which cannot be solved by existing LTE multi-connectivity options. Therefore, the control plane multi-connectivity shall be investigated in NR at the earliest time.    
3) Allowing efficient data duplication for ultra-high reliability & low latency
Although not explicitly indicated, the user data in LTE CA and DC are split into multiple network points so as to aggregate the radio resources for throughput enhancement. Considering the ultra-high reliability and low latency use cases in NR, it is expected to improve the UP robustness e.g. via duplicating the data transmission in multiple network points to get it through as quick as possible. However, it may not be applicable for the high data rate due to the low spectrum efficiency. Some efficient solutions are hence expected to ensure ultra-high reliability at reasonable cost.  
4) Optimizing inter-radio interface multi-connectivity
Comparing to LTE and existing networks, the NR is supposed to consider frequency ranges up to 100 GHz. Even the common fundamental physical layer framework is targeted, it is likely that different radio interfaces or physical layer numerologies are required depending on the frequency band that the NR is deployed. But with the common PHY framework, there is potential to facilitate the multi-connectivity options comparing to inter-RAT multi-connectivity. Architecture options shall be evaluated to appropriately terminate user plane at WA/cmW/mmW cells from the core network to help meet stringent URLLC latency requirements, optimize throughput performance, minimize backhaul bandwidth requirements, as well as minimize legacy 4G impacts.  
5) Support of multi-connectivity in high frequency bands
The LTE multi-connectivity solutions were designed for macro-pico deployments in low frequency bands (less than 3.5 GHz or so). While the NR is designed also for high frequency band i.e. mmW up to 100GHz, the channel propagation characteristics of the mmW bands are known to be drastically different. The radio link may experience severe shadowing due to the line of sight blocking by obstacles such as trees, pedestrians, vehicles e.g. trucks, as well as user motions, such as hand movements or body rotations. Although it is easy to find the wide bandwidth more than 500MHz, multi-connectivity is seen as an inherent feature to ensure robust connectivity in presence of frequent radio link blockages for mmW.   
6) Enabling other MC options e.g. C/U split or separate DL/UL
CA and DC have been the most popular multi-connectivity options in LTE. Mostly likely these solutions would be inherited and further developed considering the NR new features. In addition, the new multi-connectivity options shall be investigated considering the RAN architecture variants, multiple PHY radio interfaces and 4G/5G/WiFi integration. 

4
Summary
This contribution discusses the multi-connectivity potentials for the new radio, considering the requirements from diverse NR use cases. In summary, it is proposed to investigate the multi-connectivity from the following aspects:
1) Supporting various NR RAN architecture deployment scenarios. 

2) Enabling control plane multi-connectivity
3) Allowing efficient data duplication for ultra-high reliability & low latency
4) Optimizing inter-radio interface multi-connectivity
5) Support of multi-connectivity in high frequency bands
6) Enabling other MC options e.g. C/U split or separate DL/UL
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