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1	Introduction
In RAN2#94, it was agreed to investigate the aggregation of NR carriers as shown below [1]. However, according to LTE terminology, both carrier aggregation (CA) and dual connectivity (DC) refer to the aggregation of different carriers, i.e., inter-frequency Multi-Connectivity (MC). There are further multi-connectivity possibilities which were not discussed so far.

Agreements
1 Aggregation of NR carriers is to be studied
2 As in LTE, NR shall study lower layer aggregation (e.g. CA-like) and upper layer aggregation (e.g. DC-like) 

In this paper, we discuss intra-frequency multi-connectivity scenarios that are different from CA and DC along with their potential, and present the possibility of aggregating resources from cells operating on the same carrier frequency. 
2. Intra-frequency multi-connectivity
Intra-frequency scenario refers to the deployment where multiple cells are operating on the same carrier frequency. Typically, lower layer aggregation of the cells could be applied for co-sited case e.g. SFN, Joint Transmission-CoMP, Dynamic Point Selection-CoMP. This paper discusses the upper layer aggregation possibilities where the cells could be connected via non-ideal backhaul. 
During RAN2#93 meeting, the deployment scenarios in terms of cell layout for standalone NR were agreed, including macro cell only, heterogeneous with NR small cells that are assisted by macros and small cell only deployments [2]. Taking into account the intra-frequency deployments, three potential intra-frequency MC solutions are discussed in the following sections including data aggregation, data duplication and data switching. 
2.1 Data Aggregation
Concerning same carrier frequency scenario, similar scenarios have been studied during the LTE Dual Connectivity discussion. From the technical report [3], inter-node radio resource aggregation was considered as a potential solution for improving cell edge throughput, which allows one UE to be scheduled and receive independent data flows via multiple eNBs on the same carrier frequency. However, simulation results showed that the performance gain is comparable to eICIC operation due to the interference from neighbour cells and therefore the solution was not justified. 
When standalone NR is deployed as in LTE, especially for macro cells, we could foresee a similar performance result if the radio resources are aggregated from intra-frequency cells. This is because the UE cannot benefit from parallel data transmissions from multiple cells having asynchronous schedulers, i.e., due to non-idea backhaul. Instead, the throughput performance may even be degraded because of the neighbour cell interference. 
Observation 1: Aggregating independent data flows from multiple cells on same carrier frequency does not achieve capacity gain in LTE-like system architecture.
On the other hand, there is the argument that the interference impact may be alleviated if standalone NR is deployed in small cells, considering the usage of RF beamforming in high carrier frequency. In this sense, the gain that the UE receives from data aggregation may overweigh the interference impact from neighbour cells, but the performance needs to be evaluated first to justify the solution.
Observation 2: Aggregating independent data flows from multiple cells on same carrier frequency may achieve some capacity gain in small cell deployment but it needs to be justified via performance evaluation. 
Proposal 1: Intra-frequency multi-connectivity scheme that aggregates independent data flows from multiple cells shall be down selected for further study in standalone NR.
2.2 Data Duplication
In LTE, the multi-connectivity solutions are designed to improve the capacity which mainly applies to enhanced mobile broadband (eMBB) service. However, the NR system is expected to meet the requirements of not only eMBB service, but also ultra-reliable low latency communication (URLLC) services where the ultra-reliability and ultra-low latency are highlighted. Duplicating the data transmission from multiple cells can be considered to improve the reliability at the cost of doubled radio resource consumption. Since the duplicated data are transmitted from separate gNBs, it is still subject to the interference problem as in data aggregation. However, the UE is supposed to receive the data from multiple cells; the probability that links are all bad at the same time is lower which may increase the reliability. Similarly, RRC diversity was proved to bring significant gain in terms of mobility robustness [3]. Although these were not specified in LTE, they need to be revisited in NR study as candidate solutions to fulfil the more challenging requirements of URLLC.   
Observation 3: Duplicating data and control signalling from multiple cells on same carrier frequency may improve the reliability or mobility robustness. 
Taking the aforementioned observation, duplicated transmission shall be at least considered in the intra-frequency deployment scenarios to improve the reliability performance. Both control plane and user plane transmission need to be studied.    
Proposal 2: Intra-frequency multi-connectivity with duplicated transmission shall be investigated for both control plane and user plane.
2.3 Data switching
In comparison to data aggregation, data switching means that a UE is connected to more than one cell and fast switching is performed to receive and/or transmit from one of the cells at any one time. The cells could be connected to different NR gNBs connected via non-ideal backhaul. So the data switching is done faster (and with much less overhead) than a handover, but still at a higher layer in contrast to CoMP dynamic point selection. 
The advantages of data switching compared to single-connectivity are two-fold: Throughput enhancement and more importantly better mobility robustness. Selecting the best cell for data transmission provides a sort of diversity gain that can improve the UE SINR and in turn throughput. Moreover, the switching between multiple cells enables the UE to receive data from any of these cells without experiencing any handover interruption. This is because the UE is permanently maintaining the link to each cell it is connected to. Furthermore, if the quality of one serving cell degrades another cell can be used directly to serve the UE which can help in reducing the number of RLFs and avoid the connection failure caused by RLF detection and subsequent RRC Connection Re-establishment.
Observation 4: Data switching helps improve the throughput as well as the mobility performance compared to single connectivity. 
High frequency band deployments, e.g. mmW, is an important intra-frequency deployment scenario for standalone NR, where a cluster set of mmW small cells having a very high bandwidth. e.g. 1 GHz, are deployed either in standalone manner or together with macro cells. In high frequency bands, the radio link between the serving cell and UE can be disrupted by many factors such as fixed and moving obstacles, pedestrians and UE rotation. Moreover, the rapid degradation of the radio link when transitioning from Line-of-Sight (LOS) to Non-LOS (NLOS) caused by a blockage from an obstacle increases the likelihood of a Radio Link Failure (RLF) [4]. This is because the UE would have less amount of time in high frequency bands to send neighbour cell measurement report and subsequently receiving the RRC handover command from the source cell before it loses the link. Moreover, the fact that the radio link in high frequency bands is more susceptible to blockage would increase further the number of RLFs causing service interruptions when compared to low frequency bands. Consequently, it would be challenging for single connectivity to ensure a seamless user mobility that is free from connection failures in high frequency bands. 
Observation 5: In high frequency bands, having user mobility that is free from connection failures is challenging with only single connectivity. 
In order to improve mobility robustness, multi-connectivity where the UE maintains more than one connection with multiple cells shall be used. For instance, if the serving radio link(s) degrades due to e.g. LOS obstruction the UE and the network can switch directly to use at least one of the remaining, and maintained, radio link(s) for packet transfer.  Accordingly, the number of RLFs and service interruption time in terms of the whole MC session can be reduced and ideally avoided. 
In standalone small cells scenario, the UE can receive from more than one cell simultaneously only if the cells to which the UE is connected to are not pointing their transmit beams in the same direction and the UE has multiple transceivers, i.e., requires multiple receive antenna panels with one transceiver each (UE RF beamforming) or one receive antenna panel with multiple transceivers (digital beamforming). However, this case cannot be always assumed since either the cells to which the UE is connected to may not be able to point their beams in different directions or the UE has one receive panel with one transceiver, i.e., the UE can receive from one direction/cell at a time. The same applies for macro-assisted small cells scenario. It would be difficult to assume that the UE can always receive from more than one NR small cell simultaneously. Additionally, a large bandwidth in the order of GHz in high frequency band is always available where one connection could already provide sufficient throughput performance for eMBB. Accordingly, data switching where one NR small cell is selected to serve the UE at a time, i.e., the UE receives from one NR small cell only at a time, shall be the baseline for multi-connectivity design involving NR small cells.
Observation 6: Data switching is an efficient way to combat the connection failure and to enable seamless UE mobility when high frequency bands are concerned. 
Proposal 3: Data switching shall be studied as one of the intra-frequency multi-connectivity schemes involving NR small cells. 
Given the discussion above, it is proposed to study the intra-frequency multi-connectivity in the NR system.
Proposal 4: The intra-frequency multi-connectivity shall be investigated in the NR study item. 
3	Summary
In this contribution, we discussed the potential of multi-connectivity schemes that are different than DC and CA. By investigating the intra-frequency scenarios and considering the CU/DU function split, the following has been observed and proposed: 
Observation 1: Aggregating independent data flows from multiple cells on same carrier frequencies does not achieve capacity gain in LTE-like system architecture.
Observation 2: Aggregating independent data flows from multiple cells on same carrier frequencies may achieve some capacity gain in small cell deployment but it needs to be justified via performance evaluation. 
Observation 3: Duplicating data and control signalling from multiple cells on same carrier frequencies may improve the reliability or mobility robustness. 
Observation 4: Data switching helps improve the throughput as well as the mobility performance compared to single connectivity. 
Observation 5: In high frequency bands, having user mobility that is free from connection failures is challenging with only single connectivity. 
Observation 6: Data switching is an efficient way to combat the connection failure and to enable seamless UE mobility when high frequency bands are concerned. 

Proposal 1: Intra-frequency multi-connectivity scheme that aggregates independent data flows from multiple cells shall be down selected for further study in standalone NR.
Proposal 2: Intra-frequency multi-connectivity with duplicated transmission shall be investigated for both control plane and user plane.
Proposal 3: Data switching shall be studied as one of the intra-frequency multi-connectivity schemes involving NR small cells. 
Proposal 4: The intra-frequency multi-connectivity shall be investigated in the NR study item. 
Proposal 5: It is proposed to adopt the text proposal to the TR 38.804 shown in the Appendix in this paper.
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Appendix: Text Proposal for TR 38.804
Beginning of Text Proposal
5.2	Radio interface protocol architecture
To support tight interworking between LTE and NR, a technology of aggregating data flows between the two RATs is studied based on Dual Connectivity (DC) for LTE [3]. In DC between LTE and NR, both (e)LTE eNB and NR gNB can act as a master node as described in sub-clause 4.1.2.1, 4.1.2.2 and 4.1.2.3.
[bookmark: _GoBack]For NR, a technology of aggregating NR carriers is studied. Both lower layer aggregation like Carrier Aggregation (CA) for LTE (see [3]) and upper layer aggregation like DC are investigated. From layer 2/3 point of view, aggregation of carriers with different numerologies is supported in NR. Modelling aspects such as whether it is a single or multiple MAC entity is FFS. In addition, the technology to aggregate the radio resources from cells operating on the same carrier is studied and data duplication and fast cell switching utilizing the upper layer aggregation are considered.
In this sub-clause, the radio interface protocol architecture of NR is described for the user plane and the control plane encompassing DC between LTE and NR, and lower/higher layer aggregation of NR carriers.
End of Text Proposal

