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1. Introduction

In the email discussion [82#18] [LTE/SCE], the requirement of UE capability for each challenge in scenario #2 is discussed, wherein the UE capabilities include multiple Rx/ single Tx and multiple Rx/ multiple Tx.

However, for multiple Tx capable UEs, it would be the concerns about increased complexity and cost for UE implementation [1]. Moreover, some companies also concern that chips cost is still high so it would not be considered in next few years [2]. Thus, single Tx capable UEs seem more welcome for vendors in the near future.

In this contribution we propose a potential solution with the gain of downlink throughput for multiple Rx/ single Tx capable UEs in dual connectivity. Since the situations in TDD UEs are different from FDD UEs, we only consider FDD UEs in this contribution.
2. Discussion
In this contribution we consider that the schedulers serving UEs are independent and controlled by different serving eNBs (e.g. MeNB and SeNB), i.e. UEs response HARQ feedbacks to the serving eNBs accordingly. 
In RAN2#82, R2-131986[1] discussed a general TDM fashion used to support single Tx capable UEs and analysed the related challenge in terms of throughput performance. With general TDM fashion, 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, even if 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, neither macro cell nor small cell can schedule DL transmission in some specific subframes because those subframes are used for RF retuning that UE cannot transmit the corresponding HARQ feedback. In that case, DL scheduling on both macro cell and small cell is restricted. It could be illustrated in Figure 1 [1].
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Figure 1: Example of TDM fashion for FDD [1]
2.1 TDM fashion optimized with HARQ feedback multiplexing
Based on general TDM fashion introduced in [1], we provide a potential solution which is optimized with HARQ feedback multiplexing. With this solution, it allows both MeNB and SeNB 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 still alternated one by one, but 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, e.g. MeNB, the UE can transmit several HARQ feedbacks associated with DL receptions which are scheduled by MeNB. 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 could be assured that every subframe is available for the serving cell for DL scheduling. 

The operation of this solution can be illustrated in Figure 2. It could be seen that MeNB and SeNB could schedule DL transmissions for a UE simultaneously all the time. For instance, in subframe 13 the UE transmits HARQ feedbacks of DL receptions received from macro cell in subframe 6/7/8/9 to MeNB, and in subframe 15 the UE transmits HARQ feedbacks of DL receptions received from small cell in subframe 8/9/10/11 to SeNB. 

Following this solution, there is no restriction of DL scheduling as mentioned in [1] but the increase of latency of reporting HARQ feedback is inevitable due to HARQ feedback multiplexing. Thus, additional HARQ processes for applying this optimized TDM fashion 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 optimized TDM fashion is adopted for multiple Rx/ single Tx capable UEs in dual connectivity. 
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Figure 2: 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.

2.2 Considering UL performance with optimized TDM fashion
In section 2.1, we provide an example in Figure 2 and show that the peak data rate in downlink direction could be achieved on both macro cell and small cell. However, it could be seen that it is the worst case for UL performance on both macro cell and small cell because there is only one available UL subframe on one serving cell at each transmission. In order to reduce the degradation, the feasible way is to allow that the UE could be configured with contiguous UL subframes at a transmission to one serving cell, e.g. if there is data available for transmission on macro cell, the UE could be configured with more than one contiguous UL subframes on macro cell for each UL opportunity. With this concept, although not all UL subframe is available, the degradation of UL performance might not be significant.
It could be illustrated in Figure 3. For instance, there are three available UL subframes on each serving cell for each UL opportunity. When it is the time for UL transmission on macro cell in subframe 8/9/10, the UE could response HARQ feedbacks in those subframes for the corresponding DL receptions scheduled by MeNB in subframes 0 to 6; and when it is the time for UL transmission on small cell in subframe 12/13/14, the UE could response HARQ feedbacks of DL receptions received from SeNB in subframes 3 to 10. Of course the UE could transmit data in those available UL subframes if the UE is granted with resources. 
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Figure3: Example of 13-HARQ process and pattern of available 3-UL subframe on both cells are considered. 
Subframes related to gray block are unavailable for UL transmission on the corresponding serving cell.

So far we have seen two solutions, general TDM fashion [1] and optimized TDM fashion, for supporting multiple Rx/ single Tx capable UEs in dual connectivity. With general one, the impact on protocol works seems not significant but the performance on UL/DL transmission is inefficient on both macro cell and small cell. With optimized one, DL peak data rate could be achieved on both serving 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 demanding, achievable peak data rate in uplink direction seems not critical. However, in order to gain the benefit in terms of downlink throughput, it can be seen that many efforts on protocol work are needed. Comparison between these two solutions is provided in Table 1 below:
Table 1: Comparison of general TDM fashion vs. optimized TDM fashion
	
	General TDM fashion
	Optimized TDM fashion

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

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

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

	Ratio of available UL subframes in small cell
	3/8
	1/4 with worst case

	eNB scheduling flexibility
	Impacted on both cells
	No Impacted

	HARQ-feedback/ CSI forwarding
	No
	No

	Backhaul latency
	No impacted
	No impacted

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

	Additional HARQ process
	No
	Needed

	New HARQ feedback format
	No
	Needed

	New PDCCH format
	No
	Needed


3. Conclusion

In this contribution, we provide and show a solution with benefit in terms of downlink throughput for supporting multiple Rx/ single Tx capable UEs in dual connectivity, and a comparison between our solution and the solution proposed in [1] is also provided.
Proposal 1: RAN2 to discuss the optimized TDM fashion and take it into account as potential solution to support multiple Rx/ single Tx capable UEs in dual connectivity.
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