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1
Introduction 
An issue of whether we really need activation/deactivation feature in Rel-10 was raised in RAN2#70 considering its complexity and work load in RAN4. An email discussion was initiated to evaluate activation/deactivation impacts in aspects of DRX, measurements, RRC load in eNB, PUCCH resource allocation, mobility etc [1]. We believe that merits of activation/deactivation outweigh the complexity and prefer to keep this functionality in Rel-10 at least for inter-band CA scenarios. The purpose of this contribution is mainly discussing some enhancements for activation/deactivation to mitigate its impacts on scheduling interruptions due to RF retuning.
2
Discussion
According to CA prioritized deployment scenarios in Rel-10 [2, 3, 4], inter-band non-contiguous CA (for DL) is one of the prominent applications, the other two scenarios are intra band contiguous and non-contiguous CC aggregation. And the UE Tx/Rx architecture supports single RF chain and/or multiple RF chains accordingly depending on UE capabilities. To facilitate CA configuration, RAN4 has discussed way forward for related UE categories/capabilities, including frequency band or bands over which the aggregation is supported, supported bandwidth for each frequency band, and number of CCs for “Contiguous” carrier aggregation [5]. For activation/deactivation of CCs and measurements on non-configured or configured but deactivated CCs, RAN4 is of the opinion that no interruptions of ongoing communication will occur if the operations are on a separate RF chain that is not currently operating; interruptions or gaps will occur if the operations are on the currently operting RF chain and baseband [6]. 
Table 1 lists some typical CA configurations, which can reveal whether interruptions of ongoing communication will occur according to allocation of CCs on UE RF chains, assuming CC1 and CC3 are intra band contiguous; CC2 and CC4 are intra band contiguous; CC1, CC3 and CC2, CC4 are inter band non contiguous. 
Table 1

	Cases
	Allocation of CCs on UE Rx/Tx architecture
	Interpretation
	Interruptions or gaps

	Case 1
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RF chain-1
	Intra band contiguous CA scenario. UE only supports single RF chain. Interruption will occur on CC1 due to activation/deactivation of CC3.
	YES

	Case 2
	Case 2-1:
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   RF chain-1                       RF chain-2
	Intra band contiguous CA scenario. UE supports multiple RF chains. RF chain-2 is not currently operating. Interruption will occur on CC1 due to activation/deactivation of CC3. 
	YES

	
	Case 2-2:
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RF chain-1                       RF chain-2
	Intra band contiguous CA scenario. UE supports multiple RF chains. CC3 may be allocated on the RF chain other than the one used for CC1 according to UE capabilities
	NO

	Case 3
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   RF chain-1                      RF chain-2
	Inter band non-contiguous CA scenario. UE supports multiple RF chains, no interruptions will occur on CC1 due to activation/deactivation of CC4 on a seperate RF chain-2.
	NO

	Case 4
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    RF chain-1                     RF chain-2
	RF chain-1 and 2 are currently operating, interruption will occur on CC2 but not on CC1 due to activation/deactivation of CC4. 
	NO for CC1, YES for CC2

	Case 5
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RF chain-1                    RF chain-2
	RF chain-1 and 2 are currently operating, interruption will occur on CC1 due to activation/deactivation of CC3; interruption will occur on CC2 due to activation/deactivation of CC4. Activation/deactivation of CC3 has no impact on CC2 and activation/deactivation of CC4 has no impact on CC1.
	YES for CC1,
YES for CC2


NOTE: 
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From Table 1, it can be seen that activation/deactivation of a CC will result in communication interruption on a CC sharing the same RF chain, while no impact on a CC allocated on a separate RF chain. Similar behaviour is expected for measurements on non-configured or configured but deactivated CCs. If eNB has the information of CCs allocation on UE RF chains, it can activate/deactivate CCs taking into account the information to avoid communication interruptions. However, eNB may not be aware of the information without UE reporting, it is therefore a requirement to define corresponding signallings. 
Two kinds of solutions are feasible:

Solution 1: UE reports CC aggregating information upon configuration of an additional CC, i.e. grouping information of CCs which are allocated on the same RF chain. This solution is depicted in Figure 1. CC grouping information for CA configuration scenarios in Table 1 are shown in Table 2, corresponding eNB behaviour is also given. Assuming CC1 is PCC in the examples. 
Table 2

	Cases
	CC grouping information
	Possible eNB behavior

	case1
	CC group 1: (CC1, CC3)
	eNB will take care not to frequently activate/deactivate CC3.

	case2
	Case 2-1:

CC group 1: (CC1, CC3)
	eNB will take care not to frequently activate/deactivate CC3.

	
	Case 2-2:

CC group 1: (CC1)

CC group 2: (CC3)
	eNB can activate/deactivate CC3 frequently. 

Note: This case may not be typical

	case3
	CC group 1: (CC1)
CC group 2: (CC4)
	eNB can activate/deactivate CC4 frequently.

	case4
	CC group 1: (CC1)
CC group 2: (CC2, CC4)
	eNB can activate/deactivate CC2 and/or CC4 frequently. 

	case5
	CC group 1: (CC1, CC3)
CC group 2: (CC2, CC4)
	eNB can activation/deactivate CC2 and/or CC4 frequently, but it is not the case for CC3.


eNB can also deduce the UE RF chain information based on received CC grouping information. For example, eNB can know whether CCs are allocated on different RF chains. So that UE supports two RF chains for case 2-2, 3, 4 and 5. For efficient activation/deactivation operation, it is also possible to introduce group activation/deactivation behaviour, i.e. to simultaneously activate/deactivate multiple CCs which are sharing the same RF chain. eNB will take care not to perform fast activation/deactivation of  SCCs which are sharing the same RF chain with PCC. 
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Figure 1

Proposal 1: Upon CC addition, UE reports CC aggregating information based on CC allocation on RF chains. 
Proposal 2: RAN2 Consider the introduction of group activation/deactivation of SCCs on the same RF chain.

Solution 2: UE reports CA configuration related UE categories/capabilities information. Figure 2 shows such solution. As discussed in [5], information of supported frequency bands and number of aggregating CCs etc are defined as UE capabilities. If UE supported RF chains and their corresponding frequency band lists are also included in the UE capability information, eNB can then decide whether a CC can be activated/deactivated frequently without causing scheduling gaps. 
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Figure 2
Proposal 3: UE supported RF chains and their corresponding frequency bands are included in the UE capability information.
3
Conclusion 
This contribution discusses some enhancements for activation/deactivation mechanism to mitigate communication interruption issue due to RF retuning. Proposals are:
Proposal 1: Upon CC addition, UE reports CC aggregating information based on CC allocation on RF chains. 

Proposal 2: RAN2 Consider the introduction of group activation/deactivation of SCCs on the same RF chain.
Proposal 3: UE supported RF chains and their corresponding frequency bands are included in the UE capability information.
4
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