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[bookmark: _Ref460855997]Introduction
Little discussion took place so far in RAN2 on multi-connectivity across NR nodes. In the meantime, the UP stack definition has progressed in the context of single-connectivity. An agreement was made though on the definition of multi-connectivity in RAN2#95 as follows:
	Multi-Connectivity:                Mode of operation whereby a multiple Rx/Tx UE in the connected mode is configured to utilise radio resources amongst E-UTRA and NR provided by multiple distinct schedulers connected via a non-ideal backhaul.



In this contribution we list the options to be studied for multi-connectivity across NR nodes and discuss the support of intra-frequency multi-connectivity. 
Discussion
Intra-NR multi-connectivity architecture options
Intra-NR multi-connectivity can be either inter- or intra-gNB. Figure 1 illustrates both configurations, highlighting the differences.
Proposal 1: Both intra- and inter-gNB multi-connectivity should be supported in NR.
Intra-gNB multi-connectivity
In this use case, the multi-connectivity is across DUs (TRPs) controlled by the same CU via a fronthaul interface (Fs). Such use case will occur as soon as some DUs are connected to a CU via non-ideal backhaul, which is part of the RAN3 split options. Such multi-connectivity configuration will have quite some differences with the legacy DC multi-connectivity. For example:
· The Master and Secondary roles may no longer exist or at least should be re-defined. As such, mobility across DUs does not necessarily require a role change.
· As for the U-plane stack, several split options across the fronthaul are being discussed in RAN3. We give in our companion contribution [1] some preliminary analysis of the multi-connectivity functions (e.g. routing) for the main RAN3 options.
· Given such deployment might be typical in a multi-TRP cell, it also calls for NR cell supporting multiple MAC entities, distributed in the DUs.
· It follows that a single RRC might also be appropriate in such scenario.
Proposal 2: design options to be studied for intra-gNB multi-connectivity should include:
- Multi-MAC cell
- Single RRC
- Some U-plane changes
Inter-gNB multi-connectivity
Inter-gNB multi-connectivity looks very similar to the legacy Dual Connectivity, so it could be straightforward to follow a similar approach as e.g. for NR-LTE interworking where DC 3C is part of the baseline assumptions. For example, having gNBs supporting the roles of master (MgNB) and secondary (SgNB) looks appropriate in that case. On the other hand, ultimately standalone NR will be deployed at a larger scale than LTE-assisted NR. So it should also be desired that intra-NR inter-gNB multi-connectivity adopts similar designs as those adopted for intra-gNB multi-connectivity (with potential differences from legacy DC as discussed above). In the view preserving forward compatibility we prefer this guideline, in favor of a common intra-NR multi-connectivity design irrespective of whether it is inter- or intra- gNB.
Proposal 3 (guideline): Design commonality within intra-NR multi-connectivity use cases (intra- / inter-gNB) should prevail over design commonality between intra NR multi-connectivity and NR-LTE interworking.


     
Figure 1: Inter-gNB (left) and intra-gNB (right) multi-connectivity

[bookmark: _Ref465693388]Support of intra-frequency multi-connectivity
In LTE, eICIC provides throughput and capacity gains similar to those achieved with dual-connectivity (DC), which is the main reason why intra-frequency was not specified for DC. [2] express similar concerns for NR and suggest companies should bring simulation results showing gains if they want to extend multi-connectivity to intra-frequency for NR.
However, our view is that NR should support intra-frequency multi-connectivity for three main reasons: 
1. NR is a new design which should aim at a common design for both intra-frequency and inter-frequency.
2. Multi-connectivity is expected to play a significant role in allowing 0ms interruption time during mobility across TRPs connected via non-ideal backhaul. This performance benefit should not be limited to UE connected to TRPs on different frequencies.
3. HF links in NR are expected to be unreliable; hence multi-connectivity can help in improving the robustness of such links. Reliability is primarily increased by serving a UE with multiple beams.
a) In case these beams are from the same TRP, they are managed by the same MAC hence, this is not multi-connectivity but rather carrier aggregation.
b) In case these beams are from different TRPs connected via ideal backhaul, the same single MAC model applies.
c) In case these beams are from different TRPs connected via non-ideal backhaul, this is multi-connectivity.
Proposal 4: Intra-frequency multi-connectivity within NR should be studied.
Conclusion
This contribution discusses  intra-NR multi-connectivity architecture options. Associated proposals are:
Proposal 1: Both intra- and inter-gNB multi-connectivity should be supported in NR.
Proposal 2: design options to be studied for intra-gNB multi-connectivity should include:
- Multi-MAC cell
- Single RRC
- Some U-plane changes
Proposal 3 (guideline): Design commonality within intra-NR multi-connectivity use cases (intra- / inter-gNB) should prevail over design commonality between intra NR multi-connectivity and NR-LTE interworking.
Proposal 4: Intra-frequency multi-connectivity within NR should be studied.
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