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1 Introduction
RAN2#94 has agreed that both lower layer aggregation (e.g., CA-like) and upper layer aggregation (e.g., DC-like) shall be studied for the aggregation of NR carriers. RAN2#94 has also agreed that only DC approach for LTE-NR aggregation will be studied. In this paper, we mainly discuss DC-like aggregation for multi-connectivity. 

2 Discussion
2.1 Multi-connectivity scenarios 

With the support of multi-connectivity, a UE may utilize the radio resources amongst E-UTRA and/or NR provided by multiple distinct schedulers. According to TR 38.912, multi-connectivity should be studied focusing on the two scenarios:

1) Intra-RAT scenario
RAN2#94 has agreed that both lower layer aggregation (e.g., CA-like) and upper layer aggregation (e.g., DC-like) shall be studied for the aggregation of NR carriers. The lower layer aggregation (e.g., CA-like) is suitable to the scenarios with an ideal backhaul, while upper layer aggregation also fits to the scenarios with a non-ideal backhaul.
Observation 1 For the intra-RAT scenario, both CA-like approach and DC-like approach are studied by RAN2.

2) Inter-RAT scenario

The application of upper layer aggregation (e.g., DC-like) is not limited by the backhaul link, RAN2#94 has also agreed that only DC approach for LTE-NR aggregation will be studied. Similarly, for multi-connectivity with connections from both LTE and NR, only DC-like approach should be studied.
Observation 2 For the inter-RAT scenario, it is only DC-like approach that will be studied
2.2 Aspects for DC-like aggregation 

2.2.1 Master node concept

In LTE DC, a UE keeps only one RRC connection with the MeNB which maintains one S1-MME connection between MeNB and MME. At the same time, for MCG split bearers, the S1-U connection to S-GW is terminated in MeNB. For MC, RAN2 has implicitly agreed that the concept of the master node as LTE DC should be reused. 
Observation 3 Like LTE DC, the reuse of master node concept for MC gives a better potential to reuse LTE DC functionality for multi-connectivity.

In LTE DC, the determination of the MeNB is up to a network implementation e.g. based on the measurement results reported by the UE. A similar principle should be applied for MC. The consideration of other factors, such as the node’s carrier frequency and service requirements in the determination of the master node may give a gain in certain scenarios. Still, it should be up to a network implementation.
Observation 4 A network implementation can consider more factors such as the node’s carrier frequency and service requirements to determine the master node, besides ordinary UE measurement results.
2.2.2 Duplicated transmission
In [1], the RRC diversity has been analyzed. In conclusion it is found that mobility robustness can be improved in different overlay scenarios including both the NR-only deployments and LTE-NR deployments. For ultra-reliable and low latency (URLLC) like services, duplicated transmissions for UP data is expected to offer similar gain as that given by RRC diversity for CP. The duplicated packets at higher layer are provided across multiple links and are transmitted in parallel. Hence, the UE has a higher probability to recover from transmission failures at HARQ. To ensure both a high transmission reliability and very low latency for URLLC like services, a backhaul link with short latency between MeNB and SeNBs may need to be supported together with the duplicated transmission.
Observation 5 For DC-like MC, a backhaul link with short latency between MeNB and SeNBs may be required together with duplicated transmissions in order to fulfill the service requirements for URLLC like services.
The network should have means to control when to trigger the duplicated transmission. Typical scenarios when duplicated transmission should be enabled is when there is a risk of transmission failure at lower layers. Using duplicated transmission also has a cost in wasted radio resources which is why it should be disabled if the transmission at lower layers become stable. 
Proposal 1 DC-like MC should support the duplicated UP data transmission.
Proposal 2 The NW configures a UE when to enable and disable the duplicated UP data transmission.
For LTE DC, RLC AM mode is required for split bearers. RLC UM mode is not supported mainly because that would require re-ordering window in PDCP[2]. It has been agreed in RAN2#95bis that PDCP reordering is always enabled if in-sequence delivery to layers above PDCP is needed (i.e. even in non-DC case). So, in NR, PDCP in-sequence delivery would anyway require a PDCP receive window regardless of the configuration of RLC AM or UM. Therefore, there is no reason why the RLC UM can’t be used for MC. RLC UM is beneficial to reduce the UP latency compared to RLC AM since the processing time of ARQ is saved; while RLC AM is able to correct residual HARQ errors. Therefore, the usage of RLC UM must be complemented with additional means to provide a high transmission reliability especially for services that requires this. The usage of duplicated transmission at PDCP along with RLC UM may be one example, in terms of a balance between the reduction of UP latency and the fulfilment of the transmission robustness requirements.
Observation 6 For DC-like MC, the usage of RLC UM is beneficial to reduce UP latency but may need other complemental means to ensure the transmission reliability.
Proposal 3 The DC-like MC should support RLC UM mode besides RLC AM mode.
2.2.3 UL MC

For LTE UL DC, there were two 3GPP parameters ul-DataSplitThreshold and ul-DataSplitDRB-ViaSCG introduced for configuring the uplink split. The former controls when to enable the uplink split, i.e., use two links simultaneously. The latter indicates which link to be used for the transfer, in case there is only 1 link to be used at a time. This uplink split mechanism was introduced in LTE since it is more difficult to coordinate eNBs in UL because each eNB has its own scheduler entity. When there are more than 2 UP connections for a UE to transmit at the same time, the LTE UL DC like split mechanism might be slow and it may be difficult to control settings suitable for the instant radio channel condition of each link. 
Observation 7 When there are more than 2 UP connections for a UE to transmit at the same time, the LTE UL DC like uplink split mechanism might be slow and it may be difficult to control settings suitable for the instant radio channel condition of each link.
When a UE employs the UL data transfer amongst several links, the UE’s maximum transmission power may not be enough for multiple links at some TTIs because each eNB is assumed to have independent schedulers and hence the UE's power budget may be exceeded (e.g. if multiple eNBs schedule the UE in the same TTI). At such occasions, the transmit power has to be shared among multiple links. If the number of simultaneous connections is above 2, it might be more difficult to do the power sharing amongst the links especially in the case where the network deployment is scarce; where at least one of the links has a high pathloss requiring a significant amount of the total transmission power available. From this aspect, it may be better to be able to limit the maximum number of the simultaneous connections for each data transmission. 
Observation 8 When there are more than 2 UP connections for a UE to transmit at the same time, it becomes more difficult to share the power amongst links.
Proposal 4 For UL DC-like MC, the number of connections a UE may simultaneously transmit data on should be possible to control.
3 Conclusion
In section 2 we made the following observations:

Observation 1
For the intra-RAT scenario, both CA-like approach and DC-like approach are studied by RAN2.
Observation 2
For the inter-RAT scenario, it is only DC-like approach that will be studied
Observation 3
like LTE DC, the reuse of master node concept for MC gives a better potential to reuse LTE DC functionality for multi-connectivity.
Observation 4
A network implementation can consider more factors such as the node’s carrier frequency and service requirements to determine the master node, besides ordinary UE measurement results.
Observation 5
For DC-like MC, a backhaul link with short latency between MeNB and SeNBs may be required together with the duplicated transmission in order to fulfill the service requirements for URLLC like services.
Observation 6
For DC-like MC, the usage of RLC UM is beneficial to reduce UP latency but may need other complemental means to ensure the transmission reliability.
Observation 7
When there are more than 2 UP connections for a UE to transmit at the same time, the LTE UL DC like uplink split mechanism might be slow and it may be difficult to control settings suitable for the instant radio channel condition of each link.
Observation 8
When there are more than 2 UP connections for a UE to transmit at the same time, it becomes more difficult to share the power amongst links.


Based on the discussion in section 2 we propose the following:

Proposal 1
DC-like MC should support the duplicated UP data transmission when necessary.
Proposal 2
The NW configures a UE when to trigger the duplicated UP data transmission for DC-like MC
Proposal 3
The DC-like MC should support RLC UM mode besides RLC AM mode.
Proposal 4
For UL DC-like MC, the nubmer of connections a UE may transmit data on should be possible to reduce.
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