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1 Introduction
In last RAN2#95 meeting, the agreements about the concept of multi-connectivity were made [1]
[image: image1.png]=> Definition that may be used in future discussion in RAN2 " 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/or NR provided by multiple distinct schedulers connected
vianon-ideal backhaul.":
=> The term "Multi-Connectivity with WLAN" may be used in RAN2 discussion to extend the
concept to WLAN.«
> These definitions are not expected to be captured in a TR or TS.





In this contribution, we will further discuss the details on the support of multi-connectivity including both CP and UP for NR standalone scenario.
2 Discussion
It was agreed in [1] that multi-connectivity allows UE to utilise the radio resources amongst E-UTRA and/or NR provided by multiple distinct schedulers connected via non-ideal backhaul. For NR standalone scenario, two kinds of aggregation of carriers are defined, including the MAC-level aggregation with ideal backhaul (e.g. CA-like), and the PDCP-level aggregation with non-ideal backhaul (e.g. DC-like). Based on the agreement on multi-connectivity, only DC-like aggregation scheme would be the scope of multi-connectivity in NR. 
For NR multi-connectivity, it is natural to take LTE DC architecture as baseline. In LTE DC, the UE is connected to one MeNB and one SeNB, and is configured with two MAC entities: one MAC entity for MeNB and one MAC entity for SeNB. Similarly, for NR multi-connectivity, the NR UE is connected to one MeNB and one or several SeNBs for each of which different MAC entity is needed. 
Proposal1: NR multiple-connectivity should take LTE DC architecture as baseline. A NR UE is connected to one MeNB and one or more SeNBs with their own MAC entities.
2.1 UP multi-connectivity
Different from only two nodes aggregated in LTE DC, more nodes could be aggregated to provide enhanced radio throughput or improved performance. As indicated in [2], the NR system would support various deployment scenarios, and diverse service types including eMBB, URLLC etc. Similar to the LTE DC, the MCG bearer, split bearer via MCG and SCG bearer could be supported in the multi-connectivity scenario as indicated in Fig. 1. 
Typically, these NR nodes are aggregated which include the MgNB and multiple SgNBs. In addition to support eMBB services, URLLC services which require strict latency and reliability requirements could be supported as well. It is obvious that data duplication on multiple links can help to improve reliability and reduce latency.  
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Fig.1 MCG bearer and split bearer via MCG for NR-NR
Due to the increased aggregated nodes and new features supported by NR, the following issues should be further studied based on the LTE DC solution. 
· UL split bearer support
· The UL bearer split was discussed in DC enhancements Rel-13, and it was agreed that when PDCP data is below a configured threshold, the SR/BSR/data could be sent to one CG only; when PDCP data is above threshold, SR/BSR/data could be towards both CGs. With the introduction of more than gNBs, it is natural to introduce multiple configured thresholds to allow data to be forwarded to which or how many gNB(s). The detailed threshold including minimum value, maximum value and its exponential distribution should take the NR rate into account. 
· RLC AM and UM
· In LTE DC, only RLC AM bearer could be treated as split bearer. In NR, as a typical use case, RLC UM could be used to transmit delay sensitive services. Hence both AM and UM traffics could be transmitted across multiple radio connections. Whether RLC AM in one leg while RLC UM in another leg is allowed or not should be further studied. 
· DL Flow control
· The DL flow control information is provided from SeNB to the MeNB in LTE DC for controlling the downlink user data towards the SeNB. The NR could also support the DL flow control function, and further study enhancements especially when RLC UM is supported for multiple connection. 
· Flexible duplication and switching
· Data duplication on all legs of multi-connectivity could improve the robustness and reduce the latency for URLLC services. As shown in Fig.2, for UL the UE sends duplicate packets to multiple gNBs, and the PDCP function in the MgNB performs duplication detection. For DL, the PDCP function in the MgNB performs packet duplication, and sends duplicated packets to SgNB. Since packet duplication is not always necessary for all use cases, it should be configurable. In URLLC use cases, packet duplication can be used to transmit over multiple links. In other use cases, switching between links can be used. This might happen dynamically or semi-statically. Hence, flexible duplication and switching among several legs should be studied. 
Proposal 2: The following aspects should be further studied for NR-NR multiple-connectivity. 
· UL bearer split support
· RLC AM and UM
· DL Flow control
· Flexible duplication and switching where the PDCP of MgNB holds duplication function
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Fig.2:  Call flow for DL and UL transmission for URLLC.
For UL transmission in multi-connectivity architecture, the UE sends duplicate packets to multiple gNBs (i.e. SgNBs and MgNB). The received packets are sent by the SgNBs to the PDCP function in the MgNB over the Xn interface. The PDCP function in the MgNB removes the duplicate packets.
For DL transmission in multi-connectivity architecture, the PDCP function in the MgNB performs packet duplication. The duplicate packets are sent from the MgNB to the SgNBs over the Xn interface and forwarded to the UE. The PDCP function in the UE removes the duplicate packets.
2.2 CP multi-connectivity
In LTE DC, the UE has only one RRC connection with the master eNB, and there is a single S1-MME connection between the master eNB and MME. For multi-connectivity in NR, it seems natural to reuse the basic architecture, that is, the NR UE should have a single AS connection and NAS connection
Proposal 3: The NR UE should have a single RRC connection with MgNB in multi-connectivity scenario.
As indicated in [2], NR could be deployed at up to tens of GHz, which is subject to the severe shadowing effect and abrupt channel variations. Hence RRC diversity or RRC switching could be used to enhance the CP performance and avoid frequent RLF. Typically, after the integrity protection and ciphering at PDCP layer, the PDCP could duplicate and route the RRC messages to secondary links. That is, the messages in SRB could be transmitted over secondary links.  
Proposal 4: The CP diversity should be supported in NR, where the RRC messages are duplicated and routed by the PDCP layer of MgNB.
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Fig.3 CP diversity/switch 
In order to support CP diversity, the RRC messages would be transferred between the MgNB and SgNB, and between the SgNB and the UE. The following two issues are discussed respectively.  
· Issue1: How RRC messages are transmitted between MgNB and SgNB?
Xn-C and Xn-U between M-gNB and S-gNB could be possibly used to transmit the RRC message. In current LTE DC, Xn-C is used to transmit the RRC messages using a container. To align with the LTE DC, Xn-C could be reused to transmit the RRC messages between MgNB and SgNBs. 
Proposal 5: The RRC message is transmitted via Xn-C interface between the M-gNB and the S-gNB. 
· Issue2: How RRC messages are transmitted via Uu interface between UE and S-gNB?
In Uu interface, SRB or DRB could be possibly used. If DRB is used, the UE need to be configured with the specific DRB with high priority for the RRC message, which has endured integrity protection. As no benefits are foreseen to use DRB, the SRB could be used by the S-gNB for the transmission of RRC messages.  
Proposal 6: SRB is used for RRC messages transmission between the UE and the S-gNB.
The NR UE would monitor multiple links due to the duplicated RRC messages transmission. The detailed RLF operation could be found in our companion paper [3]. 
3 Conclusion
This paper mainly further discusses the details on the support of multi-connectivity in NR. Based on the above, the following proposals are made
Proposal1: NR multiple-connectivity should take LTE DC architecture as baseline. A NR UE is connected to one MeNB and one or more SeNBs with their own MAC entities.
Proposal 2: The following aspects should be further studied for NR-NR multiple-connectivity. 
· UL bearer split support
· RLC AM and UM
· DL Flow control
· Flexible duplication and switching where the PDCP of MgNB holds duplication function
Proposal 3: The NR UE should have a single RRC connection with MgNB in multi-connectivity scenario.
Proposal 4: The CP diversity should be supported in NR, where the RRC messages are duplicated and routed by the PDCP layer of MgNB.
Proposal 5: The RRC message is transmitted via Xn-C interface between the M-gNB and the S-gNB. 
Proposal 6: SRB is used for RRC messages transmission between the UE and the S-gNB.
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