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1. Introduction
At the last meeting, the expected challenges in small cell deployments were discussed and several agreements were reached [1]. As regards the mobility robustness issue, the following agreements were made:

	Agreements
1
Overall observations from heterogeneous network SI should be used as input when analysing mobility robustness in SCE scenario #2.

2
Solution proposals addressing mobility robustness should be evaluated also in terms of scenario #2.

3
Further study SCE Scenario #2 regarding robust inter-frequency mobility. If we identify mobility robustness issues for scenario 2, we should also consider solutions for single RX/TX capable UEs.
5
Based on the results seen so far, we cannot conclude that there is a severe mobility robustness issue for Scenario 2 or not. In fact the results indicate that mobility issues are more pronounced for intra-frequency mobility (in between pico cells). 


In the third bullet, it has been mentioned that, for single RX/TX capable UEs we should consider solutions if we have indentified mobility robustness issues for scenario 2. This means that consideration of single RX/TX capable UEs is one of the factors that will impact the solution for small cells. Also, dual connectivity now seems to be a promising solution for expected challenges in small cell deployments. In the previous meetings, several contributions [2, 3, 4] have discussed the impaction of UE CA capability in terms of the number of the supported UL carrier on the structure of dual connectivity. However, it seems that less specific discussion has been made for single RX/TX capable UEs. Considering that results of the analysis for scenario 1 and 2 can be applied to scenario 3, for small cells deployed on one or more carriers respectively, in this contribution, we mainly analyse the challenges of dual connectivity in scenario 1 & 2 for single RX/TX capable UEs. 
This contribution is organised as following: in section 2, the possible options of dual connectivity for single RX/TX capable UEs are listed. Then, in section 3 the challenges and possible solutions corresponding to each option are analyzed. In section 4, we propose the issues that RAN2 should consider when discussing dual connectivity for single RX/TX capable UEs. 
2. Dual connectivity for single RX/TX capable UEs
In this document dual connectivity refers to the scenario where the UE has at least two physical layer radio links with different network connection points. Given this scenario, in the following, we summarise the options for dual connectivity for single RX/TX UEs in scenario 1 & 2.  
2.1. TDM 
In scenario 1, single RX/TX capable UEs can communicate with macro and small cells in a TDM way. This method of realising UL CA has been proposed by [5]. Figure 1 shows an example of the structure of TDM dual connectivity when a single RX/TX capable UE communicates with cells in scenario 1. In this document, the block labelled by ”S” is the resource allocated to small cell and the one labelled by ”M” is the resource allocated to macro cell. In figure 1, in-between the sequential subframes that are allocated to different eNBs, for example, in between subframe n+3 and n+4, there will be either an overlap or a gap, depending on the distance apart from the small cell and macro cell eNBs. For the reason of simplicity, we have omitted those overlaps or gaps in the examples given. 
Figure 2 shows an example of the structure of TDM dual connectivity when a single RX/TX capable UE communicates with cells in scenario 2. In figure 2, a switching period is used to allow RF retuning between the two frequencies (shown as the blank subframes). In all these examples, the 8 ms period is determined by the FDD UL HARQ timing criteria, as the UE needs to receive the PDCCH for UL, transmit UL data and receive the PHICH from/to the same eNB in n, n+4 and n+8 subframes respectively.
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Fig. 1 One example for TDM option for scenario 1     Fig.2 One example for TDM option for scenario 2.    

2.2. FDM 
In scenario 1, a single RX/TX capable UE can communicate with macro and small cells in an FDM manor. Figure 3 shows an example for the structure of FDM dual connectivity for a single RX/TX capable UE in scenario 1. Similarly, “M” area and “S” area in figure 3 may not align with each other exactly, as shown in figure 3, because the UE may have different distance from/to the small cell and macro cell eNBs. 
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Fig. 3 One example for FDM option for scenario 1 
3. Challenges and possible solutions
In this section, for each of the options mentioned above, we will analyse the possible challenges. 
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Fig.4 The deployment of macro & small cell

3.1. TDM
In scenario 1, if TDM dual connectivity is adopted, then interference may be an issue. As demonstrated in figure 4, when the D-UE (a UE that has dual connectivity) is in the small cell coverage area as marked in yellow, especially near the centre of the small cell and communicating with the macro cell eNB in the DL, it will be interfered with by the small cell eNB. At the same time when the D-UE is communicating with macro cell in the UL, it may interfere with other S-UEs(a UE that has single connectivity with the small cell) nearby. This interference scenario is similar to the Macro-Femto case when considering eICIC. Therefore, one solution for the DL interference could be that the small cell applies ABS for D-UE. However, if the structure of TDM dual connectivity isn’t synchronised with the ABS configuration, in order to avoid being interfered by the small cell eNB, some subframes can’t be used by D-UE (the subframes that are shown in white in figure 5). To make full use of the radio resources of D-UE, the small cell can adjust the ABS configuration as shown in figure 6. However, as we allocate more ABS subframes for the small cell, there will be less DL capacity for the small cell. For the UL interference, power control and OI (Overload Indicator)/HII (High Interference Indicator) could be reused to mitigate the interference between the D-UE and S-UE. 
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Fig.5 The scheduling for D-UE in small cell is       Fig.6 Small cell ABS configuration is synced
            limited by ABS configuration                         with dual connectivity
Similarly, in the CRE area (if any) of the small cell as marked in white in figure 4, if ABS has been used by the macro cell, the structure of dual connectivity is also limited by the ABS configuration of the macro cell, which is shown in figure 7. At the bottom of figure 7, in both directions, the scheduling for D-UE is limited by the ABS configuration of macro cell. If we reconfigure the structure of dual connectivity to fully utilise the radio resource, we can get another structure as shown in figure 8. For the UL interference issue in CRE area, power control and OI/HII can be reused as well. 
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Fig.7 The scheduling for D-UE in CRE is       Fig.8 Dual connectivity is synched with Macro cell 
limited by ABS configuration                       ABS configuration                               
In scenario 2, if TDM dual connectivity is used, then the DL interference from the Macro cell and the UL interference between the D-UE and normal UE is not a problem. However, as shown in figure 2, the switching point will consume radio resources and impact the UE peak throughput capability. Such “wastage” can be reduced by careful design of the configuration for dual connectivity but can’t be avoided completely. The timing requirements for the switching point would require RAN4 input.. 
For both TDM dual connectivity options, system synchronization is a precondition. Additionally, uplink CSI feedback could be limited by the method of dual connectivity. For example, if the timing of the feedback point for the small cell eNB collides with the subframe allocated to the macro cell eNB, the UE may need to omit the current feedback. Any changes in UE behaviours would require further study in RAN1. 
3.2. FDM

In scenario 1, if FDM dual connectivity is adopted, firstly, the network synchronisation is required. In the DL, the PDCCH/E-PDCCH could be used to transmit signalling from different eNBs in the same subframe meanwhile in the UL, the PUCCH may need to be redesigned for carrying the response for both eNBs in the same subframe, which would requires further study in RAN1. On the other hand, the interference issue for TDM dual connectivity still exists. In the DL, the “M” area allocated to D-UE in small cell coverage will be interfered by the small cell eNB. In this case the small cell could try to avoid scheduling the S-UE in the “M” area in order to mitigate the interference to D-UE. Similarly, if D-UE is in the CRE area and ABS has been used for the normal UE, the D-UE could only communicate with the macro cell in the non-ABS subframe and with the small cell in ABS subframe. Such restriction will further reduce the UE peak throughput and also limit the scheduling flexibility. 
To summarise the above analysis, table 1 lists all the issues mentioned. 

Table 1 Summary of the issues 
	
	TDM in scenario 1
	TDM in scenario 2
	FDM in scenario 1

	Interference 
	D-UE will be interfered in DL and may interfere with other UE in UL. ABS could be used to mitigate DL interference. 
	No
	D-UE will be interfered in DL and may interfere with other UE in UL. 

	ENB scheduling
flexibility 
	Impacted
	Impacted 

	Impacted 

	UE peak
throughput
	If ABS configuration and dual connectivity structure are not synchronised, there would be some impact. 
	Impacted
	Impacted

	RAN1 issues
	CSI feedback, Synchronisation
	CSI feedback, Synchronisation
	E-PDCCH, PUCCH, Synchronisation

	RAN4 issues
	No
	The value of switching period
	No


In summary, if the dual connectivity implies that the UE has at least two physical layer radio links with different network connection points, and considering that sufficient gain may not be expected for dual connectivity of single RX/TX UE, RAN2 is asked to discuss if the single RX/TX capable UE is suitable for dual connectivity. 

Proposal 1: RAN2 is asked to discuss if the single RX/TX capable UE is suitable for dual connectivity.
If RAN2 agrees the single RX/TX capable UE is suitable for dual connectivity, RAN2 is asked to consider the above dual connectivity options and issues when discussing the dual connectivity for single RX/TX capable UE.

Proposal 2: RAN2 is kindly asked to consider the above dual connectivity options and issues if single RX/TX capable UE is suitable for dual connectivity.
4.  Conclusion

Based on the above discussions, we propose: 
Proposal 1: RAN2 is asked to discuss if the single RX/TX capable UE is suitable for dual connectivity.

Proposal 2: RAN2 is asked to consider the above dual connectivity options and issues if single RX/TX capable UE is suitable for dual connectivity.
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