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1 Introduction
In last RAN2 meeting, some agreements about the concept of multi-connectivity were achieved as the followings:
[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.
2 Discussion
In [1], RAN2 has agreed 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. Based on this agreement, it can conclude that multi-connectivity to be studied mainly involves the following scenarios:

· Intra-RAT scenario

In this case, the aggregation of carriers in NR is the focus of the study. Currently, 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). In RAN2#94 meeting, RAN2 was agreed that CA-like and DC-like aggregation scheme for NR both need to be studied. 

However, based on the agreement on the concept of multi-connectivity in last meeting, it seems that only DC-like aggregation scheme is included. Therefore, within the scope of multi-connectivity, DC-like aggregation scheme is the focus on the aggregation of carriers in NR.  
· Inter-RAT scenario

In this case, the study should be focus on the LTE-NR interworking and NR-WLAN interworking. For LTE-NR interworking, RAN2 agreed in RAN2#94 meeting that only DC approach for LTE-NR interworking will be studies. For NR-WLAN interworking, RAN2 agreed in last meeting that LWA and LWIP and RCLWI are baseline. 
Proposal 1: Within the scope of multi-connectivity, only DC-like aggregation need to be studied for all the cases, including the aggregation of carriers in NR, LTE-NR interworking and NR-WLAN interworking. 
In current mechanism, no matter DC for intra-RAT or LWA/LWIP/RCLWI for inter-RAT, there is a master node concept. As defined in the specification, in these cases, UE only has one RRC connection with the master eNB. And from the perspective of the architecture, there are only one S1-MME connection between the master eNB and MME, and the master eNB is used as the user plane anchor for the split bearers.

For multi-connectivity, there are also more than two nodes existed, so it is better to have a master node among them to maintain control plane. User plane might be ended at multiple nodes depends on the supported bearer types. Therefore, it might be still necessary to keep the master node concept in multi-connectivity.
Proposal 2: The master node concept should be kept in multi-connectivity.

In LTE DC, a macro cell naturally plays the role of MeNB, while a small cell is SeNB. For NR MC, a proper NR NB should be selected as MeNB, e.g. NB with lower frequency, nearest to UE, etc. In addition, data duplication or split on all legs of multi-connectivity is not always required. Therefore, dynamic selection of legs should be allowed and studied because NR adopting high frequency suffers from drastic signal variation.  

Proposal 3: Service requirements, radio quality and other link characteristics should be taken into consideration when selecting master node, and choosing several legs of multi-connectivity to transmit data. 

Multi-connectivity takes LTE DC design as a basis and there are some aspects that can be studied and optimized. 
· Bearer type at least includes MCG bearer, SCG bearer, and multi-split bearer. There might be some difference from LTE DC bearers, e.g. SCG bearer and split bearer can exist simultaneously.

· Protocol details needs to be studied. For example, LTE DC specifies that RLC works at AM mode. As some analysis show that RLC UM mode could help to reduce latency when transmitting duplicate data on multiple links. Therefore, NR MC should support more protocol flexibility. 
· Transmitting different or duplicate data on multiple links is much more complex than only transmitting different data in two links as LTE DC does.  Enhanced uplink and downlink flow control mechanisms are required. 
Proposal 4: Bearer type and protocol architecture of multi-connectivity could be further enhanced when necessary. 

In LTE, the multi-connectivity solution is designed to improve the capacity performance which mainly applies to eMBB service. However, not only eMBB service but also URLLC service is existed in NR. It is obvious that data duplication on multiple links can help to improve reliability and reduce latency which is benefit for URLLC service, so duplication packet transmission via more than one link should be supported in multi-connectivity. Since transmitting duplicate data via multiple links could help to improve reliability, retransmission scheme on each link can be adjusted correspondingly in order to reduce latency and avoid resource waste. For example, RLC ARQ can be disabled for some or all of the multiple links.  
Proposal 5: Multi-connectivity should support duplicate packet transmission via more than one link.
Based on the above analysis, we propose that RAN2 agrees the above views and regards them as the baseline to start the study of multi-connectivity.
3 Conclusion
This paper mainly further discusses the details on the support of multi-connectivity. Based on the above analysis, we have following proposals:
Proposal 1: Within the scope of multi-connectivity, only DC-like aggregation need to be studied for all the cases, including the aggregation of carriers in NR, LTE-NR interworking and NR-WLAN interworking. 

Proposal 2: The master node concept should be kept in multi-connectivity.
Proposal 3: Service requirements, radio quality and other link characteristics should be taken into consideration when selecting master node, and choosing several legs of multi-connectivity to transmit data. 
Proposal 4: Bearer type and protocol architecture of multi-connectivity could be further enhanced when necessary.
Proposal 5: Multi-connectivity should support duplicate packet transmission via more than one link. 
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