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1. Introduction

To achieve higher performance and target peak data rate, LTE-Advanced should support bandwidth more than 20MHz, e.g. up to 100MHz. At the same time, backward compatibility should also be considered. So bandwidth should be scalable for LTE-Advanced. Carrier aggregation has been considered as a solution. Relevant investigations have been done mainly from the Macro eNB (MeNB) perspective. In this contribution, carrier aggregation issues are discussed from Home eNB (HeNB) perspective. Possible solutions on how to aggregate carriers for HeNB are discussed and evaluated. Influences on standard aspects are analyzed. 
2. Motivation for discussions
To support scalable bandwidth, it was decided in [1] that spectrum flexibility should be supported in LTE-Advanced.
Advanced E-UTRA shall operate in spectrum allocations of different sizes including wider spectrum allocations than those of Release 8 E-UTRA, e.g. up to 100 MHz.
To meet this requirement and provide compatibility with LTE, carrier aggregation has been discussed as a major solution during RAN1 #53bis [2]
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Carrier aggregation, where two or more component carriers are aggregated, is considered for LTE-Advanced in order to support downlink transmission bandwidths larger than 20 MHz. 

The discussion about carrier aggregation in RAN1 is so far mainly from the MeNB perspective. The achievements and conclusions for MeNB should be reused to HeNB as much as possible. But some details should be elaborated to meet the special requirement of HeNB. From the HeNB perspective, spectrum flexibility requirements and support of wider bandwidth in LTE-Advanced can be interpreted in following aspects:

· UEs with different bandwidth capability should be supported simultaneously, including legacy LTE UE.
· Carrier aggregation to support larger bandwidth between different eNBs may be varied, e.g. between MeNB and HeNB or between different HeNBs.

· Carrier aggregation for larger bandwidth of HeNB may be decided by what type(s) of UE a user anticipates the HeNB to support. It could be customer-oriented and personalized.

For HeNB, the primary deployment scenario that should be studied is to provide coverage to home with or without MeNB coverage [5]. It could be very different for operator to deploy HeNBs than how they deploy MeNBs. Customers may have great influence on the O&M of HeNB, including the carrier aggregation. Because of the uncertainty of customer’s behavior, it may not be possible to perform interference management between HeNB and MeNB by restricting the customer usage and HeNB distribution. The following aspects may affect the designing of carrier aggregation for HeNB.

· For operator, the deployment of HeNB also means the requirement on dynamic management of frequency band resource. Operator can deploy HeNB on the same frequency band with MeNB, i.e. co-channel or fractional frequency reuse for HeNB. For the co-channel deployment, to control the interference from HeNB to MeNB, the bandwidth and carrier aggregation capability of HeNB need to be dynamically control. For fractional frequency reuse deployment, fractional frequency resource with pre-determined carrier aggregation scheme will be supported for each HeNB for interference management. . 

· MeNB could have coverage overlapped with the HeNB coverage area. The MeNB needs to have full carrier aggregation capability to serve a large group of customers, tens or hundreds. HeNB is mainly designed to provide indoor coverage. It may be adequate for limiting the carrier aggregation capability, e.g. 20MHz or 40MHz, to HeNB to serve only a limited number of customers, less than ten. 

· The frequency resource could be allocated to MeNB while network planning. Once the MeNB starts to work, this allocation could be controlled by operators and may not be changed too often. The operation and coverage of HeNB has uncertainty which is fully dependent on the customer’s uncertain behaviors. In most of the case, it could be very difficult to perform network planning and static RF optimization for HeNBs. 

Many investigations have been done on numerology design, channel design and how to aggregate carriers, e.g. asymmetric DL/UL carrier aggregation and non-contiguous carrier aggregation [3][6] to meet the requirement of spectrum flexibility. Based on the discussion above, following aspects should be addressed when it comes to the carrier aggregation for HeNB.

· Different UE with different bandwidth capability, including UE with carrier aggregation capability to support bandwidth wider than 20MHz and legacy LTE UE, should be served.

· HeNBs with different carrier aggregation capability will co-exist in the same cell.

· Studies in RAN4 show that spectrum allocation strategy may have great influence on interference performance of HNB (HeNB) [7]. For LTE-Advanced, how the carriers are aggregated for HeNB could decide the performance of HeNB.

3. Design Perspective for Home eNodeB in Carrier Aggregation
To support UE with different bandwidth capability and co-exist of HeNBs with different carrier aggregation capability in the same cell, it needs to rely on dynamic carrier aggregation scheme. It is necessary that the achievements on carrier aggregation for MeNB should be reused to HeNB as much as possible, including the numerology design, channel design, etc. What is going to be addressed here is how the carrier could be aggregated for HeNB. For MeNB, carrier aggregation could be designed and optimized through network planning. It is very difficult to perform static RF optimization for HeNBs, in particular, with the overlapped coverage of HeNB and MeNB. Possible solutions for HeNB to decide its carrier aggregation could be as follow.
· Fixed assignment
The most straightforward way is that the HeNB products for one operator may be set to work on same carrier aggregation. Venders may set the carrier aggregation of their HeNB products as per the frequency regulation of operators. The HeNB might also be able to download initial configuration and software from O&M system [5], which may include the carrier aggregation information. After the carrier aggregation is set, it will not be changed. 
If the operator wants to distribute different aggregation to different HeNBs based on frequency planning principle, considering the possible number of HeNBs and the uncertain working status of HeNBs, it could be a dynamic networking planning for a huge network and operator should also maintain the updated location information of HeNBs, which could be difficult because operator can’t force customers where to put their HeNBs. This could against the requirement that “The involvement of operator’s network for initial configuration of the HNB shall be minimized” [5].
· Random selection

In this solution, HeNB may choose its carrier aggregation randomly from the available frequency resource allocated by operators when it is turned on or when the channel quality deteriorates to unbearable degree during normal operation, without any assistant information. 

All of the HeNBs could get the information about available frequency resource when they are turned on and download initial configuration from O&M system, e.g. available frequency, max transmission power, etc. Operator could be free of the selection procedure. HeNB may select the carrier aggregation according to its capability. Different HeNBs may choose different carrier aggregation in a random manner.
· Autonomous carrier management
For a specific HeNB, the available frequency resource for HeNBs which belong to one operator can be divided into small components whose bandwidth is equal to the components of carrier aggregation for the specific HeNB. The bandwidth of component carriers may be decided by the type(s) of UE the specific HeNB supported. Interference measurement should be performed on each small components of available frequency resource. The components with least interference could be selected to be the carrier aggregation for the specific HeNB. The autonomous carrier management should not be restricted to perform at the start-up stage. It could be carried out either in an event-driven manner, e.g. start-up, interference not sustainable, or periodically. Limitation could be set to prevent overhead caused by frequent re-selection of carrier aggregation.

Like random selection, autonomous carrier management could download initial configuration from O&M system, e.g. available frequency, max transmission power, etc. Carrier aggregation could be selected based on least mutual interference between HeNBs.

For HeNB, it is mainly designed to provide broadband access for limited number of customers in home environment. There may be no great change of offered traffic as it is for Macro eNB. So the primary and secondary mechanism in [8] may not be necessary and then it may not be necessary for HeNB to collect the traffic information of it neighbor by over-the-air communication. Inter HeNB communication is not preferable too. The so called over-the-air communication may need more frequency resource and may bring more interference. Actually if this over-the-air communication is organized in a full distributed manner, it will bring more control complexity and signaling overhead.
For MeNB, frequency allocation could be allocated while network planning. Even dynamic frequency resource optimization may be needed, the allocation could be controlled by operators and may not be changed too often. Further more, bandwidth capability between neighboring MeNB may not be varied greatly like it is between MeNB and HeNB. So, fixed assignment may be preferable for MeNB. To deal with the inter-cell interference, traditional interference mitigation schemes designed for Macro cell scenarios should be implemented.
4. Carrier Aggregation for Home eNodeB
The carrier aggregation is important for co-existence of multiple HeNBs and coexistence between HeNB and MeNB. Several aspects of carrier aggregation are critical to the HeNB in the following.
· Primary carrier for HeNB

When carrier aggregation is adopted, HeNB could set one of its component carriers as its primary carrier, which contains the Synchronization Channel, Broadcast Channel, and DL Control Channel for UE to access the system. It is preferable that primary carrier of HeNB should be different to that of MeNB’s. UE could clearly distinguish between the HeNB and MeNB in the cell search procedure and perform cell selection through the primary carrier to get the system information for accessing the network. 
· Aggregation bandwidths and DL/UL asymmetry
Considering the asymmetric traffic demand on uplink and downlink, the feasibility of supporting asymmetric DL/UL carrier aggregation has been investigated [6]. For HeNB, supporting asymmetric DL/UL carrier aggregation could ease the requirement on spectrum resource and relieve the pressure on operators in frequency allocation balancing between MeNB and HeNB. And support for bandwidth lower than 20MHz would be preferred. For operators with frequency band narrower than 20MHz, they could maximize the utilization of their spectrum resource. For autonomous carrier management, there may be no obvious influence on its working on symmetric or asymmetric bandwidth condition.
· Non-contiguous carrier aggregation
To maximize the utilization of spectrum resource, non-contiguous carrier aggregation could be supported for flexible resource management and interference control for the co-existence of HeNBs and MeNB. For HeNB, when autonomous carrier management or random selection is performed, non-contiguous carriers could be aggregated to compose its carrier aggregation. But it is not preferable to aggregate carriers in different frequency band suggested in [1], e.g. two carriers located in 790−862 MHz band and 2.3-2.4GHz band respectively. Because it will increase the complexity in the system design in both transmitter and receiver
· Backward compatibility.

For Backward compatibility problem, it can be interpreted in following aspects [1]:

· A LTE terminal can work in an LTE-Advanced HeNB.

Bandwidth of component carriers might be decided by LTE UE. Because bandwidth capability of Rel-8 UE might not be wider than LTE-Advanced UE’s. LTE UE may not perform the downlink measurement. The HeNB might be preferred to be capable of downlink measurement. For HeNB not capable of downlink measurement, the LTE UE may not be involved in the carrier management. But the LTE UE should be notified about the carrier aggregation change. For LTE UE, it might be performed in a procedure similar to inter-frequency handover in LTE. The difference is the target HeNB of handover is still the serving HeNB. So there is no control overhead introduced into network. The complexity introduced could be well controlled on L1 and between HeNB and UE. It may not be necessary to support LTE UE on all component carriers. But there should be at least one carrier could support backward compatibility to LTE UE.
· An LTE-Advanced terminal can work in a LTE HeNB.

Bandwidth capability of LTE-Advanced UE may be wider than LTE HeNB. LTE HeNB may not be capable of carrier management, so there may be no related measurement scheduling arranged. LTE-Advanced UE could work with a LTE HeNB just like a LTE UE, only camping, transmitting and receiving control plan and user plan information on the carrier of LTE HeNB.
· Interference measurement

Interference measurement can be carried out either in an event-driven manner or periodically. For event-driven, after the measurement is triggered, HeNB could choose a random back-off time and keep working for some time then start the measurement. It is to avoid the case that, when more than one HeNBs start measurement simultaneously, the measurement results do not represent the real interference level. For periodically, the period could be seconds or tens of seconds to avoid introducing necessary processing overhead. For downlink, measurement could be performed by either HeNB or UE or both. It may depend on whether HeNB is capable of downlink measure or not. For uplink, measurement should be performed by HeNB which is not defined in LTE or 3G. 
· Broadcasting the change of carrier aggregation configuration.

The carrier aggregation configuration may be changed for resource management or dynamic RF optimization. The UE should be informed about the change of the carrier aggregation configuration, e.g. in SIB or newly designed message. Related procedure should be provided for UE to follow the carrier aggregation change.

The discussion above may be applicable to both FDD and TDD. When it comes to implementation, there could be minor difference. For FDD, uplink and downlink use different frequency resource, the carrier aggregation could be managed independently. For TDD, uplink and downlink should share frequency resource and the carrier aggregation management should consider both links at the same time.
5. Performance evaluation
To compare the performance of different HeNB carrier aggregation solutions, simulations were done based on scenario defined in [9]. For Macro cell layer, 19 sites, each of 3 cells is adopted. According to [9], case 1 extended is chosen. For femto cell layer, cluster concept is adopted. For one cluster, there could be 2, 5 or 10 HeNBs within it. Femto cell UE could be dropped uniformly within the coverage of its serving HeNB.
The system parameters are mainly decided according to [9]. Part of them is listed in Table 1.

Table 1 System parameters
	Parameters
	Femto
	Macro

	Carrier Frequency [GHz]
	2.0
	2.0

	Max Tx power [dBm]
	23
	49

	Tx antenna gain [dBi]
	5
	17

	Tx antenna height [m]
	2
	32

	Tx Bandwidth [MHz]
	20
	80

	Thermal noise density [dBm/Hz]
	-174
	-174

	UE Receiver noise figure [dB]
	7
	7

	UE Rx antenna gain [dBi]
	0
	0

	UE Rx Bandwidth [MHz]
	10
	10

	Number of UE/cell
	2
	8

	Log-normal fading sdv [dB]
	10
	8

	Shadowing correlation between (H)eNBs
	0.5
	0.5

	Minimum distance between UE and (H)eNB [m]
	3
	35

	Traffic model
	Full buffer
	Full buffer


According to definition of case 1 extended, bandwidth of MeNB on downlink could be 80MHz. For HeNB, As it is suggested in [9], carrier bandwith could 10MHz. We set the bandwith of HeNB as 20MHz. Then there will be 2 carriers needed for one HeNB. For MeNB, there could be 8 carriers needed. Two Macro-Femto frequency deployment configurations are evaluated, i.e. co-channel and independent channel. Only the results on downlink are discussed in this document. For simplicity, only the results of 10 HeNBs in one cluster are provided in Figure 1.
Independent channel configuration:

· The interference between neighboring HeNBs could influence the system performance evidently. As the density of HeNB deployment increasing, system performance could be deteriorated obviously.

· As results shown in Figure 1, even when HeNB deployment density is high, compared with fix assignment, flexible carrier aggregation mechanisms can improve the system performance. For random selection mechanism, it can achieve about 5dB gain. For autonomous carrier management mechanism, it can achieve more than 10dB gain. When deployment density is lower, more gain could be achieved by adopting flexible carrier aggregation mechanism.

Co-channel configuration:
· The interference from Macro eNB could be overwhelming. Even when down tilt is used for Macro eNB, the performance is not improved a lot. So the improvement of flexible carrier aggregation mechanisms is not as obvious as it is in independent channel configuration.

· Under overwhelming interference from Macro eNB, compared with fixed assignment mechanism, autonomous carrier management still could achieve about 2 to 8dB gain.
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Figure 1 Performance on downlink of Femto UE

According to the analysis above, flexible carrier aggregation mechanism could be helpful for improving femto cell deployment performance. Especially in independent channel configuration, flexible mechanism can improve system performance evidently. Even in co-channel configuration and the interference from Macro eNB is overwhelming, flexible mechanism still can achieve 2 to 8dB gain more than fix assignment mechanism. For Macro layer, when co-channel deployment is adopted, introduction of femto layer could degrade the performance of Macro cell. On one hand, traditional interference mitigation should be implemented in Macro cell to improve the performance. On the other hand, except for flexible carrier aggregation mechanism, other interference management solutions could also be implemented for femto cell. There could be no confliction between flexible carrier aggregation mechanism and other interference management solutions. If frequency resource is not limited, independent or partially co-channel Macro-Femto frequency deployment configuration may also improve performance on both macro layer and femto layer. It could be the decision of operators according to their possessed frequency resource.
6. Conclusion

Carrier aggregation has been agreed as a major solution to support wider bandwidth more than 20MHz in LTE-Advanced. Many investigations have been done from MeNB perspective. In this contribution, carrier aggregation designing issues are discussed from HeNB perspective. The investigation for MeNB should be reused to HeNB as much as possible. Furthermore, some details should be elaborated to meet the special requirement of HeNB, especially how the carrier could be aggregated for HeNB. Three different alternatives are discussed and evaluated. For LTE-Advanced, flexible carrier aggregation mechanism like autonomous carrier management should be investigated to improve performance of HeNB. Some standard aspects are still FFS, e.g. measurement, system information broadcasting, etc. 
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