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1	Introduction
In RAN2#94 meeting, an agreement for standalone NR was made to study the upper layer aggregation:
Agreements
1	 As in LTE, NR shall study lower layer aggregation (e.g. CA-like) and upper layer aggregation (e.g. DC-like) 

However, how to understand this upper layer aggregation and the aggregation scenarios are not clear so far for NR-NR multi-connectivity. This contribution discusses the upper layer aggregation aspect for NR-NR multi-connectivity including scenarios and potential candidate solutions.
2	Upper layer aggregation options
In LTE dual connectivity, different user plane options are standardized according to [1]: 


Figure 1: User plane options in LTE Dual connectivity
From higher layer aggregation perspective, MeNB could aggregate the MCG/split bearer and SeNB could aggregate the SCG bearer. These different user plane options used in LTE dual connectivity should be the starting point of NR-NR multi-connectivity as well.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 1: The split bearer (i.e. 3C bearer) and direct routing/SCG bearer (i.e. 1A bearer) should be the starting point for upper layer aggregation in NR-NR multi-connectivity.
One of the objectives for NR multi-connectivity is to attain ultra-reliability and message/data robustness. To this end, data duplication is one of the candidate solution to improve the robustness and reliability, for both control plane and user plane [2]. However, in LTE dual connectivity and particularly as far as split bearer is concerned, there was no discussion regarding whether such duplication could be allowed or not in the upper layer. This impact thus needs to be studied in NR-NR multi-connectivity scenarios. In addition, as we pointed out in [3], for NR-NR multi-connectivity it is proposed to study the aggregation of cells of same frequency (i.e., intra-frequency multi-connectivity). Hence, it is proposed to consider more aggregation variants, such as data duplication/ switching, in addition to data aggregation from upper layer perspective.
Proposal 2: It is proposed to study the data aggregation/duplication/switching from upper layer perspective for NR-NR multi-connectivity.
It follows from [1] that in LTE dual connectivity the simultaneous configuration of SCG bearer and split bearer is not supported, i.e. it is not possible to have both the split bearer and direct routing bearers at the same time for a single UE. However, since the two types of bearers have different features (e.g. split bearer has more flexibility on the load balancing operations controlled by MeNB, and direct routing bearers provide static radio offloading option for MeNB), they may work for different services with different QoS requirements. In order to support a number of parallel different services in NR for a single UE, it might be possible to have different types of bearers at the same time for different services from upper layer perspective. Consequently, the possibility of having different types of bearers at the same time for a single NR-NR multi-connectivity UE should be investigated.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Proposal 3: It is proposed to study the coexistence of different bearer types at the same time for a NR-NR multi-connectivity UE.
In the meanwhile the split bearers (e.g. 3C bearers) are managed by MeNB in dual connectivity, which means that only split bearers originated in MeNB could enjoy the dynamic utilization of different radio resources for aggregation between MeNB and SeNB. In NR-NR multi-connectivity, in order to facilitate more flexibility for all bearers, further enhancements could be investigated, e.g. to enable SeNB originated split bearers, as shown in Figure 2 below:

 
Figure 2: split bearer at NR S-gNB
As we discussed in [5], for NR-LTE interworking the split bearers at NR base station might have some issues with the buffering requirements from packet reordering, since NR radio will have a higher bit rate and much shorter delay than LTE. However in NR-NR multi-connectivity case this will not be a problem due to equivalent radio is utilized with comparable delay and bit rate assumed for NR M-gNB and NR S-gNB here.
Split bearers originated at NR S-gNB could allow the data duplication operations in NR S-gNB, which would help to improve the data reliability and robustness in NR multi-connectivity, and bearers in NR S-gNB could also enjoy the split gain utilizing both radio resources from NR M-gNB and NR S-gNB. As a further enhancement and extension based on legacy 3C bearers, we further propose:
Proposal 4: It is proposed to study the split bearers originated at NR S-gNB in NR-NR multi-connectivity.
3	Aggregation scenarios
In LTE dual connectivity two eNBs (i.e. MeNB and SeNB) connected with non-ideal backhaul is the main scenario, which should also be one of the scenarios of NR-NR multi-connectivity study. However, in addition to this case, it might be possible that more than two NR gNBs (e.g. three) are involved in an NR-NR multi-connectivity session. Deployment scenarios involving NR-NR multi-connectivity to three NR gNBs include the cases where e.g. a) a small cell at the frequency of wide area (WA) NR as well as a small cell at the milimiter-wavelength (mmW) frequency are deployed within the coverage area of a WA NR macro cell; b) three WA NR macro cells form an overlapping coverage area; c) a cluster of mmW NR small cells is deployed within the coverage area of a WA NR macro cell. The above mentioned deployment scenarios are depicted in Figure 3, as shown below.
[image: ]
Figure 3: NR-NR multi-connectivity involving 3 NR gNBs
The multi-connectivity scenario where the UE is connected to three NR gNBs would require more investigation on the higher/upper aggregation, in terms of a) design of the signalling procedure, b) analysis of the inducing complexity, and c) performance comparison with dual NR gNBs case. In view of the above, it is proposed:
Proposal 5: It is proposed to study the scenario of more than two NR gNBs are involved for a NR-NR multi-connectivity session.
4	Conclusion 
Based on above discussions we have following proposals:
Proposal 1: The split bearer (i.e. 3C bearer) and direct routing (i.e. 1A bearer) bearer should be the starting point for upper layer aggregation in NR-NR multi-connectivity.
Proposal 2: It is proposed to study the data aggregation/duplication/switching from upper layer perspective for NR-NR multi-connectivity.
Proposal 3: It is proposed to study the coexistence of different bearer types at the same time for a NR-NR multi-connectivity UE.
Proposal 4: It is proposed to study the split bearers originated at NR S-gNB in NR-NR multi-connectivity.
Proposal 5: It is proposed to study the scenario of more than two NR gNBs are involved for a NR-NR multi-connectivity session.
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