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1	Introduction
From RAN2#94, it has been agreed to investigate the aggregation of NR carriers as shown below. 
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) 

Moreover, in RAN2#95, DC-like upper layer aggregation has been separated from CA-like by discussing on the definition of multi-connectivity. In this paper, we would like to discuss multi-connectivity design in NR. 
2. Multi-connectivity 
There is an on-going discussion on the definition of multi-connectivity. One latest definition in that is “multi-connectivity: Mode of operation whereby a multiple Rx/Tx UE in the connected mode is configured to utilize radio resources amongst E-UTRA and NR provided by multiple distinct schedulers connected via a non-ideal backhaul.” Based on the definition, multi-connectivity (MC) can be realized with two or more gNBs in standalone or with two or more gNBs/eNBs in non-standalone as figure 1. It is assumed that each NB associates with a group of one or more cells which are synchronized at the NB level similar as for carrier aggregation. 
By the notation on distinct scheduler, CA (carrier aggregation) type of aggregation seems not to be considered in MC.


  
Figure 1: A possible form of multi-connectivity in NR
In LTE DC MeNB can control only one more SeNB. Without any modification of LTE, in NR standalone, there is no restriction on the number or role of gNB consisting of MC as shown in left of Figure 1. In non-standalone, LTE eNB only can become a SeNB with multiple gNBs or become a MeNB with only one gNB as a SeNB which is the DC again. 

On the multiple connection terminology, we assume that “connection” in MC means the logical connection between UE and eNB/gNB not the physical connection which is always simultaneously activated. Therefore, if the number of connection in MC is N, then the number of connections activated simultaneously is less than or equal to N. By this assumption, the simultaneous activated (physical) connections are the subset of MC connection set. For example in Figure 1, N=3 and the number of simultaneous activated connections might be 1, 2 or 3. This variable might be accomplished in SDM or TDM manner by the detailed MC design as well as HW and RF device capability of UE.

These simultaneous connections might be either intra-freq. or inter-freq. among each other. Inter-frequency communication does not have critical feasibility issue at the moment. Instead intra-frequency communication might have a room to investigate further. Unlike sub-6 frequency case, HF communication has the possibility to have spatially independent channels between UE and the multiple transmission points (gNBs) due to the analog beam forming technique. Using co-channel transmissions from multiple transmission point at the same time might have the benefit on the per-UE throughput perspective. For the frequency perspective for NR, there will two scenarios as shown in Figure 2 by reflecting these aspects: intra- and inter- as mentioned above. 




Figure 2: Different frequency deployments for NR (note: the same color means the same operating frequency band)

Proposal 1: RAN2 is asked to study on the feasibility of MC of scenarios A and B in figure 2.

In other aspect, the aggregation type also can be considered on introducing MC.



Figure 3: Various aggregation types in MC
Aggregation type for MC can be categorized as shown in Figure 3. Aggregation types A and B, i.e., MCG/SCG bearer, single split bearer are already specified in LTE DC [2]. By extending the number of connection point to the multiple (>2), it is necessary to investigate the multiple split bearer as shown in Figure 3-C is necessary. 

Proposal 2: RAN2 is asked to study on the necessity of multiple split bearer in NR MC (the communication among secondary NBs is FFS). 

3. Conclusion 
RAN2 is requested to discuss and if possible agree on the following proposals for MC design: 
Proposal 1: RAN2 is asked to study on the feasibility of MC of scenarios A and B in figure 2.
Proposal 2: RAN2 is asked to study on the necessity of multiple split bearer in NR MC (the communication among secondary NBs is FFS). 
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