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1.  Introduction
It is foreseen that as LTE gains popularity, LTE carriers/bands are added to increase capacity. For example, an operator may decide to convert more existing UMTS carriers into LTE, beginning with a modest 5 MHz system and eventually upgrading to 20 MHz, in which case the operator has the choice to operate a single 20 MHz layer, run four 5 MHz layers in parallel, or have anything in between. Moreover, the operator may acquire a new license for additional carriers/bands, that are not necessarily contiguous. As a consequence, different UE band capability may coexist (Fig.1) and different carriers/bands may operate at different areas within a network. The LTE standard should readily support such carrier/band extensions, providing flexibility and efficiency. In this context the paper studies possible cell configurations under multi-band/carrier operation, and clarifies relevant terminology.
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Fig. 1.  Different UE capability may coexist as a result of carrier/band extensions.

2. Motivation to limit camp layers
In UMTS having multiple carriers in the network imposed troublesome tasks on operators for optimising e.g., the neighbour list and Qoffset. This was mainly due to having a number of carriers that UEs can camp on, path loss difference between bands/carriers, and coexistence of different UE band capability. For example, consider the case where the operator originally launched a 800 MHz network and introduced the 2 GHz band later on. The operator will then have old UEs capable of the 800 MHz band only, and new UEs capable of both the 800 MHz and 2 GHz bands. Without any deliberate mechanism, all the UEs are likely to select a 800 MHz cell rather than a 2 GHz cell, due to the propagation nature. As a result, nobody would be using the 2 GHz band. To resolve this problem, the network can redirect the UE (only those capable of the 2 GHz band) to a 2 GHz cell during a call or upon connection request. However, redirection during a call required measurements to be performed on the redirected layer using compressed mode, which was quite problematic in UMTS. To redirect a UE upon connection request, the UE had to report measurement results on some candidates, of cells indicated in the neighbour list. This was only effective if the relevant cells were included in the neighbour list, while imposing additional measurements on the UE. Alternatively, the network can try to balance the camp load by tuning parameters such as the Qoffset, expensing however, cumbersome planning and field trials. To further adapt to the loading, UEs sometimes had to be redirected upon RRC release, forcing the UE to perform cell reselection and hence, occasionally causing missed paging. It is also likely that a newly introduced band/carrier has “patchy” coverage in the beginning. Then, the neighbour list has to be set accordingly such that UEs are directed to a relevant band/carrier upon encountering carrier discontinuity. This was troublesome as the operator had to resolve every discontinuity in the network. The number of inter-frequency carriers that can be directed by the neighbour list being limited to two in UMTS also complicated the problem. These altogether imposed considerable OAM efforts on operators.
To alleviate OAM hurdles, limiting the carriers that UEs can camp on, while using all the layers for service delivery, can be a viable strategy. Limiting the number of “camp layers” has several outstanding benefits:
· Less control channel (e.g., PCH and BCH) overhead.

· Less need for camp load balancing.

· Facilitates OAM (reduced number of parameters, compact neighbour list, facilitates inter-RAT, etc.)

Such configuration was already possible by implementation in UMTS, and similar configuration should be supported in LTE. However, experiencing UMTS already, the LTE standard should fully consider and support such configuration from the beginning, such that its benefits are maximised.
3. Clarification on terminology
3.1  Dominant cell and subordinate cell

Limiting camp layers implies that paging is only necessary in the camp layers. Accordingly, not all system information need to be transmitted in all the layers. To minimise control channel overhead, only the essential information should be sent in layers that do not accommodate camping. Hence, two types of cell are configurable:

· A dominant cell that accomodates camping and transmits Sync.CH, BCH (full set), PCH, and all other channels needed for self-contained operation.

· A subordinate cell that does not accommodate camping, transmits Sync.CH, BCH with limited information only (FFS), and is associated to a dominant cell. The subordinate BCH can include, e.g., the system frame number, dynamic persistence level (for RACH control), and the associated dominant cell carrier frequency code.
The Sync. CH should be transmitted also in the subordinate cells to support the UE perform measurements on neighbour cells for handover within the same cell layer. By having the Sync. CH, the UE can synchronize to a neighbouring subordinate cell and perform measurements without creating “gaps” and transiting the associated dominant cell.
An example configuration is illustrated in Fig.2, where the leftmost carrier serves as the dominant cell and the rest serving as subordinate.
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Fig. 2.  Dominant (D) and Subordinate (S) cells.
3.2  Cell set and cell layer

Under dominant/subordinate configuration, definitions below may be useful to facilitate further discussion and documentation:
· A cell set refers to the set of cells that operate as a set within an eNB. It consists of a dominant cell and zero or more subordinate cells. It is FFS whether certain timings (e.g., SFN, symbol timing) and cell identifiers (e.g., scrambling codes) within a cell set shall be aligned to facilitate UE operation.

· A cell layer refers to the set of cells that operate with the same centre frequency and bandwidth.
Figure 3 depicts examples of cell sets and cell layers.
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Fig. 3.  Cell sets and cell layers.

3.3  Handover and frequency reconfiguration
According to the current agreement, the stage 2 TS states that
The term handover is used for the procedure that changes the serving cell of a UE in RRC_CONNECTED. A frequency reconfiguration within the same serving cell is not a handover. A frequency reconfiguration is used to move the UE reception bandwidth within the cell transmission bandwidth.
This needs to be elaborated with the dominant/subordinate concept:
· The term handover is used for procedures that change the serving cell of a UE in RRC_CONNECTED.
· Inter-eNB handover refers to the handover procedure that changes the serving eNB.
· Intra-eNB handover refers to the handover procedure that changes the serving cell within the same eNB, i.e., within the cell sets and sectors of the same eNB.
· A frequency reconfiguration is used to move the reception bandwidth of a UE within the same cell in RRC_CONNECTED.
Figure 4 depicts examples of inter-eNB HO, intra-eNB HO, and frequency reconfiguration.
[image: image4.emf]Band B

Band A

eNB1

f.A2

f.A3

f.A1

f.B2

f.B1

f.A2

f.A3

f.A1

f.B2

f.B1

f.A2

f.A3

f.A1

f.B2

f.B1

Sector 1 Sector 2 Sector 3

eNB2

f.A2

f.A3

f.A1

f.B2

f.B1

f.A2

f.A3

f.A1

f.B2

f.B1

Sector 1 Sector 2

Freq. reconf.

Intra-eNB HO

Inter-eNB HO

Band B

Band A

eNB1

f.A2

f.A3

f.A1

f.B2

f.B1

f.A2

f.A3

f.A1

f.B2

f.B1

f.A2

f.A3

f.A1

f.B2

f.B1

f.A2

f.A3

f.A1

f.B2

f.B1

f.A2

f.A3

f.A1

f.B2

f.B1

f.A2

f.A3

f.A1

f.B2

f.B1

Sector 1 Sector 2 Sector 3

eNB2

f.A2

f.A3

f.A1

f.B2

f.B1

f.A2

f.A3

f.A1

f.B2

f.B1

f.A2

f.A3

f.A1

f.B2

f.B1

f.A2

f.A3

f.A1

f.B2

f.B1

Sector 1 Sector 2

Freq. reconf.

Intra-eNB HO

Inter-eNB HO

Freq. reconf.

Intra-eNB HO

Inter-eNB HO


Fig. 4.  Inter-eNB HO, intra-eNB HO, and frequency reconfiguration.
4.  Possible cell configurations
Under multi-band/carrier operation, three different ways of configuring cells can be considered as in Table 1. As an example, the case where two bands A and B exist, each having three and two cell layers respectively, are shown.
TABLE 1.  Possible cell configurations.

	Scenario
	1
	2
	3

	Example configuration
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	Description
	· Only dominant cells are configurable.
	· D/S configuration is possible within the same band.
	· D/S configuration is possible across bands, and a single layer serves as dominant.

	IDLE mobility
	· UE can camp on any cell layer.

· More cell layers to measure.
	· UE can camp on limited cell layers (A1 and B1).
	· UE can camp only on the dominant cell layer (A1).

· No need for inter-frequency measurements.

	ACTIVE mobility
	· Straight forward procedure.
	· To ensure HO within the same cell layer needs no “gaps,” any “delta” in system info should be delivered by dedicated.
	· To ensure HO within the same cell layer needs no “gaps,” any “delta” in system info should be delivered by dedicated.

	IDLE > ACTIVE
	· The I > A transition would be within the same cell layer (although redirection can be considered as well).

· Low delay.

· Very high paging load unless TA is separated.
	· Some mechanism is needed to utilise subordinate cells.

· Additional delay due to measurements (if necessary) if redirected upon I > A.
	· Some mechanism is needed to utilise subordinate cells.

· Additional delay due to measurements (if necessary) if redirected upon I > A.

	ACTIVE > IDLE
	· Possible delay due to measurements (if necessary) upon redirection.

· No delay otherwise.
	· Less delay due to measurements upon redirection.
	· Less delay due to measurements upon redirection.

	Neighbour list size
	· Large
	· Medium
	· Small

	Load balancing
	· Camp (IDLE UE) load balancing is essential.
	· Mainly handled by traffic (ACTIVE UE) load balancing.

· Less need for camp load balancing.
	· Solely handled by traffic load balancing.

· No need for camp load balancing.

	OAM remarks
	· Cumbersome to extend carriers/bands.

· May need complex mechanisms for camp load balancing.
· Troublesome regarding OAM (e.g., optimising Qoffset, neighbour list, and TA).

· Distributed risk of failure.
	· Easier to extend carriers.

· Considerably easier than Scenario 1 to realise camp load balancing.
	· Easier to extend bands/carriers.

· Path loss difference among bands (e.g., 800 MHz and 2 GHz) needs to be considered in traffic load balancing (e.g., measurements may be needed prior to redirection).

· Single point of failure (e.g., RF failure in eNB).


Regarding standardization, whether to allow configurations referred to as Scenario 2 or 3 (or their hybrid) is the issue. Although with Scenarios 2 and 3, efficient mechanisms are necessary for traffic load balancing, i.e., to balance loading of ACTIVE UEs among the available bands/carriers, they are expected to reduce OAM difficulties, such as those previously mentioned in Section 2. As such, we propose that Scenarios 2 and 3 to be supported by the LTE standard, and to consider optimisation for such scenarios. Note that mechanisms for traffic load balancing and camp load balancing are discussed in detail in another contribution [1].
5.  Conclusions

It is important that LTE anticipates future carrier/band extensions. To alleviate OAM difficulties under multi-band/carrier operation, dominant/subordinate configurations described as Scenarios 2 and 3 in Section 4 should be supported in LTE. Consequently, the simplified BCH configuration for subordinate cells should be standardised. Moreover, to facilitate further discussions, we propose the terminology listed in Section 3 to be reflected on the stage 2 TS.
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