[bookmark: _Ref452454252][bookmark: _GoBack]3GPP TSG-RAN WG2 Meeting #94	R2-163687
Nanjing, China, 23 - 27 May 2016


Agenda item:	9.4.1.3
Source:	Nokia, Alcatel-Lucent Shanghai Bell
Title:	Multi-connectivity in standalone NR
WID/SID:	FS_ NR_newRAT
Document for:	Discussion and Decision
1	Introduction
Following the agreement at RAN2#93bis [1], the email discussion was initiated to identify the deployment scenarios to be captured in the RAN2 TR. For the standalone NR, it is supposed to support all the available scenarios in existing systems. The cell layouts [6] could be heterogeneous, macro only or small cell only; the cells could be collocated or non-collocated i.e. distributed; they could be operating on the same or different frequencies.  
There is discussion on high layer and lower layer aggregation multi-connectivity methods in standalone NR [3]. In this contribution, we discuss how multi-connectivity is operated in different scenarios [6]. Referring to the existing multi-connectivity schemes in LTE, the way forward is proposed for the multi-connectivity design in the standalone NR system.   
2	Multi-connectivity in different scenarios
The term “Multi-connectivity” here is used to refer to operation where a given UE consumes radio resources provided by at least two different network points. In this context, “collocated” can be referred as ideal backhaul connection between NR cells, where the Remote Radio Heads (RRHs) scenario is also considered. “Non-collocated” can be referred as non-ideal backhaul between NR cells. Considering the deployment scenarios in [1], the NR multi-connectivity shall be designed to support:
1. Collocated and non-collocated scenarios.
2. Intra-frequency and inter-frequency scenarios.  
2.1	Collocated inter-frequency scenarios
In LTE, Carrier Aggregation (CA) is specified to aggregate two or more Component Carriers (CCs) collocated or in distributed Remote Radio Heads (RRHs) to support wider transmission bandwidths [2]. As NR is supposed to span the whole spectrum, it is more likely that multiple CCs are available at one NR-NB. The UE is also expected to aggregate multiple NR-CCs to meet the requirements of ultra-high capacity for eMBB applications. NR Carrier aggregation needs to be supported for capacity boost in collocated scenarios. 
Proposal1: NR Carrier aggregation shall be supported for capacity boost in collocated scenarios.
In LTE CA, the multi-carrier nature of the physical layer is only exposed to the MAC layer to benefit from centralized scheduling and priority handling. When NR is considered where different numerologies are applied at physical layer in different radio interfaces, it is required to differentiate the CA with the same numerology from the CA with the different numerologies [3]. However, the principle of centralized scheduler needs to be maintained to facilitate the link selection for both cases. Therefore, it is suggested to use the centralized scheduler and split the data in MAC layer for NR CA as shown in Figure 1.
Proposal2: It is suggested to use the centralized scheduler and split the data in MAC layer for NR CA as shown in Figure 1.


Figure 1. Protocol architecture for NR CA
According to the NR SID [4], NR is required to meet a broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC. Compared to the LTE CA where capacity enhancement is the target, NR CA should additionally support the ultra-reliable and low latency transmission for both data and control messages. How to support the ultra-high reliable transmission for data and control needs to be studied with NR CA.
Proposal3: It shall be studied how to support ultra-reliable low latency communication (URLLC) with NR CA. 
3.2	Non-collocated inter-frequency scenarios
In LTE, Dual Connectivity (DC) is specified to utilise radio resources provided by two distinct schedulers, located in two eNBs connected via a non-ideal backhaul over the X2 interface [2]. The two eNBs are operating on different carrier frequency. Considering the NR cells distributed in different locations, especially the heterogeneous deployment, there should be ways to utilize the resources from two NR-NBs connected via non-ideal backhaul to achieve the very high capacity. NR Dual connectivity shall be supported to improve the capacity in non-collocated scenarios.
Proposal4: NR Dual connectivity shall be supported to improve the capacity in non-collocated scenarios.
In LTE DC, the multi-connectivity is defined by either separating the data bearer at uGW or splitting the data at PDCP layer via X2 interface i.e. bearer path options 1a and 3c. While inheriting these options in standalone NR, the new MC options could be developed to meet the requirements of e.g. URLLC services. Figure 2 shows the tentative protocol architecture for NR DC based on the basic protocol description in [5]. Additionally, control plane multi-connectivity shall also be studied in NR DC to support ultra-reliable and low latency use cases. 
Proposal5: It is proposed to take the protocol architecture in Figure 2 as the baseline for NR DC. The control plane multi-connectivity shall be studied in NR DC to support ultra-reliable and low latency use cases.  
In addition, LTE DC is restricted to two eNBs. Considering NR is targeting the whole frequency band, and the very high frequency band implying the more dense deployment, it is possible that the UE may utilize the resources from more than two NR-NBs. Therefore, it shall be investigated whether and how to extend the NR DC to more than two NR-NBs.
Proposal6: It shall be investigated whether and how to extend the NR DC to more than two NR-NBs.



Figure 2 protocol architecture for NR DC
3.3	Non-collocated intra-frequency scenarios
During the LTE DC SI phase, the intra-frequency scenario was discussed but finally dropped since simultaneous transmission from two eNBs was not justified because of the interference and lack of capacity gain over existing mechanisms e.g. eICIC, ABS. 
In NR multi-connectivity, while the argument still holds true so that the simultaneous transmission from multiple cells on same frequency would not contribute to throughput enhancement, there is potential that the dynamic cell selection with fast rerouting may help improve the link robustness. Especially when NR is deployed at the higher frequency band where the link variation is abrupt and unexpected, it makes sense to have the UE connecting to multiple cells but being served by one of them at any one time. 
Figure 3 shows the tentative protocol architecture for intra-frequency NR multi-connectivity. Considering the non-ideal backhaul, it is suggested to switch the data transmission at PDCP layer. The UE is supposed to transmit and receive the data and/or control signalling from one of the cells.
Proposal 7: It is proposed to study the intra-frequency multi-connectivity solutions for standalone NR. 


Figure 3 Protocol architecture for intra-frequency MC in standalone NR 
3.4	Front haul split scenarios
One of the objectives in the NR SID is to study the feasibility of different options of splitting the architecture into a “central unit (CU)” and a “distributed unit (DU)”, with potential interfaces between them. MNR-NB/SNR-NB could be with or without fronthaul split architecture. As show in figure 4, if some central unit is visible in the NG RAN hosting part of the protocol functionality, NR multi-connectivity should be adapted to the architecture option as well. 
Proposal 8: NR multi-connectivity should take into consideration the architecture and front haul split decisions which currently are being studied in RAN3.


Figure 4 Example of NR multi-connectivity in case of central unit
4	Summary
This contribution discusses the potential multi-connectivity solutions depending on the deployment scenarios in standalone NR system. While starting from the existing schemes in LTE, the way forward for NR multi-connectivity design is proposed as below: 
Proposal1: NR Carrier aggregation shall be supported for capacity boost in collocated scenarios.
Proposal2: It is suggested to use the centralized scheduler and split the data in MAC layer for NR CA as shown in Figure 1.
Proposal3: It shall be studied how to support URLLC with NR CA. 
Proposal4: NR Dual connectivity shall be supported to improve the capacity in non-collocated scenarios.
Proposal5: It is proposed to take the protocol architecture in Figure 2 as the baseline for NR DC. The control plane multi-connectivity shall be studied in NR DC to support ultra-reliable and low latency use cases.  
Proposal6: It shall be investigated whether and how to extend the NR DC to more than two NR-NBs.
Proposal 7: It is proposed to study the intra-frequency multi-connectivity solutions for standalone NR. 
Proposal 8: NR multi-connectivity should take into consideration the architecture and front haul split decisions which currently are being studied in RAN3.
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