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1 Introduction
In the higher layer small cell enhancements discussion, the potential schemes of enabling UEs having dual connectivity/MSA is analyzed and evaluated. It is observed that dual connectivity/MSA achieves efficient radio resource usage and other benefits. In this contribution, how to support the scheme of UEs with dual connectivity/MSA in the physical layer will be analyzed.
2 Scenario of UEs with dual connectivity/MSA
A scenario of UEs with dual connectivity/MSA is illustrated in Figure 1 below where f1 of Macro cell provides wide coverage and f1 or f2 is used in the small cells to offload data. The backhaul between Macro cell and small cells is assumed non-ideal and the duplex mode of the Macro and small cells are not restricted to be the same. Under this deployment, UE1 and UE2 in the small cell coverage are connected with both a Macro cell and a small cell and are served by the two cells simultaneously or in a TDM manner.
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Figure 1: A typical scenario of UEs with MSA
3 Analysis of physical layer support of dual connectivity/MSA
When the dual connectivity/MSA is operated with Macro and small cells on separate carriers, from the physical layer point of view, it appears like inter-eNB CA. Then it needs to consider whether reusing the current CA techniques could be sufficient. In CA discussions before Rel-12, ideal backhaul among the component carriers can always be assumed so that the schedulers could exchange cross carrier scheduling information and receive UCI instantaneously over the backhaul. However, in the dual connectivity/MSA scenario, the typical assumption is that Macro and small cells have non-ideal backhaul connection with latency and capacity limit. This assumption would prevent reusing the current CA mechanisms. For example, the PDCCH of the scheduling cell with cross carrier scheduling information should be transmitted to the scheduled cell through the backhaul before it is transmitted to a UE and the latency of backhaul certainly would impact real-time dynamic cross carrier scheduling processes. In addition, when the UCI information corresponding to one secondary cell is transmitted on PUCCH of the primary cell through the non-ideal backhaul, the secondary cell could not have the UCI information in time. Then it is difficult to reuse CA mechanisms to support dual connectivity/MSA on separate carriers.
When the dual connectivity/MSA is operated with two co-channel cells, it is to some degree similar to a CoMP scenario from the physical layer perspective. However, the standardization focus of CoMP until now assumes ideal backhaul to support dynamic cell selection, multi-point measurement and feedback, and so on. With non-ideal backhaul assumption, additional mechanisms are expected to coordinate the corresponding scheduling, measurement, feedback and especially timing relationship.  

Therefore, it is difficult to reuse the current physical layer mechanisms to support dual connectivity/MSA with non-ideal backhaul.
Conclusion 1: It is difficult to reuse the current physical layer mechanisms to support dual connectivity/MSA with non-ideal backhaul.
· Scheduling & HARQ transmission for dual connectivity/MSA
For the dual connectivity/MSA scenarios, due to different channel conditions between the nodes and the UE, Macro and small cells should have separate CSI request and separate schedulers. Considering the latency of backhaul, Macro and small cells cannot timely know the dynamic scheduling of each other, the scheduling message should be transmitted by the node that sends the corresponding PDSCH (or receives the corresponding PUSCH) for dual connectivity/MSA.
Besides, since there are tight coupling relationship between consequent transmissions of HARQ, such as between data transmission and HARQ-ACK, or between scheduling and data transmission, the mechanisms for supporting dual connectivity/MSA would be impacted much by different UE capabilities such as single/multiple uplink transmission in one subframe, and single/multiple downlink reception in one subframe, as discussed on the RAN2 email reflector.
Conclusion 2: The scheduling message should be transmitted by the node that sends the corresponding PDSCH (or receives the corresponding PUSCH) for dual connectivity/MSA. 
Conclusion 3: The mechanisms for supporting dual connectivity/MSA would be impacted much by different UE capabilities such as single/multiple uplink transmission in one subframe, and single/multiple downlink reception in one subframe, as discussed on the RAN2 email reflector.
A possible and straightforward way is to operate the two links from Macro and small cells independently which would introduce less impact to RAN1. However, this need the UE has the capability of multi-transmission uplink in one subframe. According to [1], the UE cannot simultaneously transmit UL signals on more than one carrier if the two carriers are inter-band located. Therefore, the support of dual connectivity/MSA with two independent links from Macro and small cell when the two layers have inter-band carriers would require RAN4 efforts on inter-band simultaneous uplink transmission.

If the UE capability only supports single uplink transmission to Macro or small cell at one time, or even if the UE is capable of operating two independent uplinks, it might not be good to always turn on two links considering power consumption, then the uplink transmission would be to the Macro node or to the small cell with a TDM manner. For this case, considering the current downlink-uplink tight coupling relationship, the transmission mechanisms are to be improved. Besides, for the UEs that only has the capability of operating with single downlink reception, the transmission mechanisms also need improvements to transfer the downlink transmission and reception between two links.
Conclusion 4: Operating two independent links in Macro and small cells would introduce less impact on RAN1. Further work in RAN4 is needed to support simultaneously uplink transmission in inter-band carriers.
Conclusion 5: If the UEs are only capable of or operating with single uplink transmission or/and single downlink reception, the transmission mechanisms are to be improved.
· UL Power control

For UL transmission, power control settings/parameters for different nodes should be configured separately because the channel condition and power control target is different for each connection. In addition, since the Macro and small cells perform data scheduling separately it is possible that the total transmission power of UE to the Macro and small cells may exceed the maximum UE transmission power when the UE has the capability of multi-transmission in one subframe. For this case power scaling can be considered.
Conclusion 6: power control settings/parameters for different nodes should be configured separately.
Conclusion 7: When the UE has the capability of multi-transmission, perform power scaling if the total transmission power of UE exceeds the maximum transmission power can be considered.
· UL Timing

For the co-channel MSA case or single-transmission uplink in one subframe UE capability, it is possible that uplink data transmission transfers from this node to another node frequently. Due to the different node location, multiple UL transmission may overlap in time domain sometimes. As a result, the UE UL timing should be adjusted to decrease the possibility of transmission overlapping.
Conclusion 8: the UE UL timing should be adjusted to decrease the possibility of transmission overlapping.
· Measurement, feedback and detection

For MSA transmission, UE transmission with different nodes may be with a coordinated way. For example, for the co-channel MSA data transmission from Macro and small cells should be time or frequency divided. Coordinating the transmission mechanisms between two nodes might also be necessary when the UE capability is single-transmission uplink in one subframe. Correspondingly, measurement, feedback and detection from/to different nodes may need some improvements.
Conclusion 9: Measurement, feedback and detection from/to different nodes may need some improvements.
4 Conclusion
In this contribution, how to support UE dual connectivity/MSA in the physical layer is analyzed and the conclusions are:
Conclusion 1: It is difficult to reuse the current physical layer mechanisms to support dual connectivity/MSA with non-ideal backhaul.
Conclusion 2: The scheduling message should be transmitted by the node that sends the corresponding PDSCH (or receives the corresponding PUSCH) for dual connectivity/MSA. 
Conclusion 3: The mechanisms for supporting dual connectivity/MSA would be impacted much by different UE capabilities such as single/multiple uplink transmission in one subframe, and single/multiple downlink reception in one subframe, as discussed on the RAN2 email reflector.
Conclusion 4: Operating two independent links in Macro and small cells would introduce less impact on RAN1. Further work in RAN4 is needed to support simultaneously uplink transmission in inter-band carriers.
Conclusion 5: If the UEs are only capable of or operating with single uplink transmission or/and single downlink reception, the transmission mechanisms are to be improved.
Conclusion 6: power control settings/parameters for different nodes should be configured separately.

Conclusion 7: When the UE has the capability of multi-transmission, perform power scaling if the total transmission power of UE exceeds the maximum transmission power can be considered.
Conclusion 8: the UE UL timing should be adjusted to decrease the possibility of transmission overlapping.

Conclusion 9: Measurement, feedback and detection from/to different nodes may need some improvements.
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