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1. Introduction

In the current TR 36.932, the requirement for UEs with single UL CC capability in dual connectivity is addressed that [1]:
The enhancements shall focus on cell capacity i.e. achievable user throughput and system throughput in typical coverage situations and with typical terminal configurations, including terminals with 2 RX antennas and supporting a single component carrier.
In RAN2#81bis, R2-131410[2] discussed the performances including UE throughput for this kind of UEs in dual connectivity with two options that:
-
Option 1: UE transmits to macro and small cell in TDM fashion.

-
Option 2: UE transmits to one cell only, which implies that UL feedback (e.g. HARQ-ACK/CSI, RLC status) needs to be forwarded from one cell to another.
In this contribution, we provide one more option for this kind of UEs and show that it is beneficial in terms of UE throughput for simultaneous DL receptions in dual connectivity. Since the situations in TDD UEs are different from FDD UEs, we only consider FDD UEs in this contribution.
2. Discussion
Since a single UL CC capable UE may be served by two independent schedulers (e.g. Macro eNB and Small eNB), the solution to handle HARQ feedback for DL receptions scheduled by different serving eNBs is needed. In section 2.1 and 2.2, the options [2] proposed in RAN2 #81bis will be briefly introduced. In section 2.3, we provide another option based on the option introduced in section 2.1. With our option, we think the peak data rate in downlink direction could be achieved on both macro cell and small cell. 
2.1 Option 1: Time switched UL transmission (TDM approach)
In this option, UEs perform UL transmission on one serving cell at one time. The transmission opportunity will be alternated between macro cell and small cell from time to time. In this situation, although the UE is capable of performing DL reception from macro cell and small cell simultaneously, DL scheduling flexibility is still impacted because a serving eNB cannot schedule DL transmission when UL timing for the corresponding HARQ feedback is used for other serving eNB. Also, for some specific subframes neither macro cell nor small cell can schedule DL transmission in them because those subframes are used for RF retuning that UE cannot transmit the corresponding HARQ feedback. It affects the DL scheduling on both macro cell and small cell.
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Figure 1: Example of Option 1 for FDD [2]
2.2 Option 2: UE transmits to one cell only
With this option, both Macro eNB and Small eNB can simultaneously schedule DL transmission in any DL subframe, and the UE transmits all HARQ feedbacks to one specific serving eNB, e.g. Macro eNB. In this case, Macro eNB needs to forward HARQ feedbacks to Small eNB. Besides, Macro eNB may also need to forward UL control signalling to Small eNB. Since non-ideal backhaul may be considered, X2 latency may cause HARQ operation problem on small cell.
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Figure 2: HARQ operation problem due to X2 latency [2]
2.3 Option 3: TDM approach with HARQ feedback multiplexing
Comparing to Option 1, this option allows both Macro eNB and Small eNB scheduling DL transmissions simultaneously without any restriction, i.e. all subframes are available for DL scheduling on both serving cells. The concept is that UL transmission on macro cell or small cell is alternated one by one, and for each UL transmission it could contain more than one HARQ feedback, i.e. when it is time for UL transmission on a serving cell, the UE can transmit several HARQ feedbacks associated with DL receptions which are scheduled by the serving cell. Since a UL transmission on a serving cell occurs periodically, if any HARQ feedback of DL reception scheduled during the period could be transmitted in the UL transmission, then it can be assured that every subframe is available for the serving cell for DL scheduling. 
The operation of this option can be illustrated in Figure 3. It can be seen that Macro eNB and Small eNB could schedule DL transmissions for a UE simultaneously all the time. In subframe 13 the UE transmits HARQ feedbacks of DL receptions received from Macro cell in subframe 6/7/8/9 to macro cell, and in subframe 15 the UE transmits HARQ feedbacks of DL receptions received from Small cell in subframe 8/9/10/11 to small cell. 
Following this option, there is no restriction of DL scheduling as mentioned in Option1 but the increase of latency of reporting HARQ feedback is inevitable due to HARQ feedback multiplexing. Thus, additional HARQ processes for applying this option are needed, and the out-of-date CSI feedback caused by HARQ timing change may be an issue on both macro cell and small cell. However, DL peak data rate is achievable on both serving cells if this option could be taken into account as a solution direction. 
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Figure 3: Example of 11 HARQ processes and HARQ feedback multiplexing is considered. 
“Y” in DL field means that the corresponding subframe is available for DL scheduling.
So far we have seen three options for supporting single UL CC capable UE in dual connectivity. In Option 1, it seems that the impact is minimum comparing to other options but transmission scheduling is most inefficient especially in downlink direction. In Option 2, scheduling flexibility on small cell could be impacted due to X2 latency if non-ideal backhaul is considered. Besides, it may also cause the delay of control signalling on small cell if UEs perform UL transmission only to macro cell. In Option 3, DL peak data rate could be achieved on both macro and small cells while the UE is allowed to perform UL transmission not only on macro cell but also on small cell. Although UL subframes are not fully available, since in most cases the requirement of uplink traffic may not be significant, achievable peak data rate in uplink direction seems not critical. However, in order to gain the benefit in terms of UE throughput in downlink direction, it can be seen that many efforts on protocol work are needed. Comparison between these options is provided in Table 1 below:
Table 1: Comparison of Option 1 vs. Option 2 vs. Option 3
	
	Option 1
	Option 2
	Option 3

	Ratio of available DL subframes in macro cell
	3/8
	1
	1

	Ratio of available DL subframes in small cell
	3/8
	8/11
	1

	Ratio of available UL subframes in macro cell
	3/8
	1
	1/4

	Ratio of available UL subframes in small cell
	3/8
	0
	1/4

	eNB scheduling flexibility
	Impacted on both cells
	Impacted on small cell (based on X2 latency)
	No Impacted

	HARQ-feedback/ CSI forwarding
	No
	Needed on small cell
	No

	Backhaul latency
	No impacted
	Impacted on small cell
	No impacted

	Measurement/CSI reporting
	Impacted on both cells
	Impacted on small cell
	Impacted on both cells (CSI feedback latency)

	Additional HARQ process
	No
	No
	Needed

	New HARQ feedback format
	No
	Needed
	Needed

	New PDCCH format
	No
	No
	Needed


3. Conclusion

In this contribution, we provide and show an option with benefit in terms of UE throughput for supporting single UL CC capable UEs in dual connectivity, and a comparison between our option and those options proposed in R2-131410[2] is also provided.
Proposal 1. RAN2 to discuss these options and take them into account as potential solution direction for single UL CC capable UEs in dual connectivity.
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