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1 Introduction

RAN1 has agreed on the definition of extension carrier in RAN1 #57bis 
Extension carrier: 

· If specified, a carrier that cannot be operated as a single carrier (stand-alone), but must be a part of a component carrier set where at least one of the carriers in the set is a stand-alone-capable carrier.

From discussions in RAN1#58bis, the concept of extension carrier has two interpretations 

1) Segment as part of one component carrier (CC)

2) Extension carrier as a different CC
In RAN1 #59 two remaining questions:

· is there a need for a single DL CC with special properties (“DL Anchor Carrier”)?

· is there a need for a single UL CC with special properties (“UL Anchor Carrier”)?

This document proposes further details on the possible properties for the comparison/discussion on extension carrier and segment. We also propose to discuss further whether DL Anchor Carrier and UL Anchor Carrier need to be defined.
2 Extension carrier and segment

2.1   Extension carrier

Pros: 
· Throughput improvement
An extension carrier without control region (PDCCH, PHICH, and PCFICH) can transmit the PDSCH from the first OFDM symbol. This is beneficial especially for an operation scenario with a small number of UEs in the system (e.g. home eNB, hotspot), where the PDCCH region on the remaining DL CCs is sufficient to accommodate the required PDCCHs, providing a throughput improvement.
· ICIC

Different coverage /interference characteristics are expected due to different propagation conditions (e.g. different path loss) or multicarrier operation in heterogeneous network deployment as proposed in[10]
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[11]. An extension carrier without control region may be beneficial to enable semi-static/adaptive ICIC to manage interference on control channels and achieve better spectrum efficiency. This makes sense since an RB‑level interference coordination of the PDCCH is not possible for its mapping rule. Although the PDSCH resources may suffer a similar strong interference as the PDCCH, the PDSCH resources can be efficiently utilized by an RB-level interference coordination. Another reason is that the PDCCH error rate requirment is stricter than that of PDSCH. 
Cons:

· PDCCH blocking
Spectrum efficiency loss is caused by factors such as increasing PDCCH blocking probability due to the increasing amount of scheduling requirement on the carrier which conveys the scheduling information of the “PDCCH-less” carrier, unbalanced load between component carriers, etc.

· Spectrum efficiency loss for UE type deployment
Extension carrier can only be distributed to LTE-A UEs. Since it is difficult to estimate the ratio of LTE-A to Rel-8 UE, this will easily lead to inefficient spectrum usage, particularly in symmetric aggregation scenarios.
Since extension carrier is only available for UE with multi-carrier capability. Some low-end LTE-A handset may not be capable of carrier aggregation, and thus not possible to access those partial signaled carrier.
It seems that the potential benefits of introducing extension carrier depend on the distribution of UE categories, cell load and the network deployment scenarios. So extension carrier can be semi-static configured by high-layer signaling according to operation scenarios.

Proposal 1: Support configuration of extension carrier, which can be semi-statically configured by high-layer signaling.

2.2  Segment

Segment is seen as a part of a component carrier, so there is no need of CC-specific configuration which is needed for extension carrier. It is required to limit the total bandwidth of the associated carrier and segment(s) to 110RBs according to the past RAN1 agreements. Segments are contiguous to the component carrier they are associated with. Extension carrier is defined as a component carrier, which can be contiguous or as non-contiguous to stand-alone carriers. Extension carrier must be aggregated as one carrier. But segment can be used without carrier aggregation and save more system overhead compare to extension carrier.
If RAN4 define new bandwidth configuration, such as 56RBs, LTE UEs may not be able to access this bandwidth. The benefit of having the multi-segment structure within the bandwidth of one component carrier is the reduction of system overhead. And, guard bands can be used as segments. This leads to fully spectrum utilization.
Proposal 2: Support configuration of segment for system overhead reduction and fully spectrum utilization, in case that RAN4 show feasibility to accommodate segment in spectrums. 
2.3  Properties of extension carrier and segment

2.3.1 Channel structure

Segment

Segment and its linked standalone CC can be seen as a single component carrier, so it is not needed to configure separate PDCCH, PHICH, PCFICH, SCH, PBCH, system information and transmission mode. Whether PDCCH may be mapped to the whole bandwidth including segments for LTE-A UEs can be decided later.
Extension carrier

PDCCH:  According to section 2.2, extension Carrier has less PDCCH or no PDCCH.. No PDCCH would be better for ICIC.

PHICH/PCFICH:  As PHICH exists within the UL grant located carrier, so PHICH is not needed. PCFICH can be removed as well.

SCH/PBCH:  Muting SCH is an option for extension carrier [3]. But a component carrier without SCH would have to be located close to a component carrier with SCH for reliable synchronization and probably not suitable for inter-band non-contiguous carrier aggregation.

System Information:  Extension carrier, as a component carrier needs configuring separate system information. Without control region, system information must be transmitted in other CCs. As many companies have suggested no CI in common search space. So how to differentiate system information of multi-carrier need to be solved.
Transmission mode:  Different CC experiences different interference and channel states. So extension carrier can be configured with separate transmission mode.

Proposal 3: System information transmission for extension carrier need to be solved.
2.3.2 Others

RS: CRS is needed for backward-compatibility. It can be used for demodulating control channel and data and CQI measurement. Extension carrier and segment should be configured with both CRS or CSI-RS for CSI measurement of LTE-A.

Paging for UEs: Paging for UEs can be transmitted in anchor carrier, so no paging information exists in segment and extension carrier.

We can summarize the properties for extension carrier and segment as follows:

	
	Extension carrier
	Segment

	Bandwidth
	At least from the set of existing values, i.e., {6, 15, 25, 50, 75, 100} RBs. Other transmission bandwidths may be defined by RAN4.
	(Segment+associated carrier)≤110RBs, contiguous to the component carrier they are associated with. Associated carrier follows Rel-8 band widths.

	Control region
	No
	FFS

	SCH/PBCH
	Yes
	No

	CRS
	Yes
	Yes

	System Information
	Yes
	No

	Transmission mode
	Separate configuration
	Same with the linked standalone carrier

	Paging for UEs
	No
	No


3 Anchor carrier
The concept of anchor carrier was introduced by some companies to support efficient multi-carrier resource allocation[3][4][5]. The initial anchor carrier is the one that the UE first acquires synchronization, system information, and does the initial access. And for load balance, anchor carrier can be reconfigured by higher signaling in active mode. 

In our view, the main difference between DL anchor carrier and the DL non-anchor carriers is: 

· Anchor carrier transmits paging information, non-anchor carrier doesn’t.

UE blind decoding monitoring set for paging information can be limited on the anchor carrier so that power consumption can be saved especially in the idle mode. If MAC is limited monitor paging information on the anchor carrier only, for RAN1 anchor carrier is needed to be defined for paging information monitoring.
Whether other functions anchor carrier performs is FFS. For example, anchor carrier can transmit power control signaling for multi-carrier. 

Anchor carrier and non-anchor carrier can have same channel structure. 

UL anchor carrier can be configured paired with DL anchor carrier. So when DL anchor carrier is defined, UL anchor carrier is obtained automatically. 

The main difference between UL anchor carrier and the UL non-anchor carriers is: 

· UL anchor carrier is used for UCI and SR transmission. 
Proposal 4: Paging information transmission should be limited on anchor carrier.
4 Conclusion
In this contribution, we make a detailed discussion about extension carrier and segment. And we also give our proposals on anchor carrier, summarized as follows:
· Support configuration of extension carrier, which can be semi-static configured by high-layer signaling.

· Support configuration of segment for system overhead reduction and fully spectrum utilization, in case that RAN4 show feasibility to accommodate segment in spectrums. 
· System information transmission for extension carrier need to be solved.
· Paging information transmission can be limited on anchor carrier.
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