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1 Introduction
In RAN2#65bis meeting, we proposed in [1] that whether introducing the notion of anchor carrier and which functions should be performed by the anchor carrier need to be studied. In this contribution, the concept of anchor carrier will be further discussed.
2 Cell-specific anchor carrier
In this section, cell-specific anchor carrier will be discussed. We propose the following definition for cell-specific anchor carrier.
The carrier which is used for LTE-A UEs in idle mode camping on is defined as cell-specific anchor carrier. Cell-specific anchor carrier is configured by eNB and known by LTE-A UEs.
We propose that each cell should configure one cell-specific anchor carrier for the benefits of saving paging overhead [1], [2]. When employing carrier aggregation, multiple carriers will exist in a cell. In this case, if network would like to paging an idle LTE-A UE, without cell-specific anchor carrier, paging message has to be sent on all the component carriers of all the cells included in the corresponding TA list. When introducing the cell-specific anchor carrier, paging only needs to be transmitted on this type of carriers within the TA list since all the LTE-A UEs in idle mode monitor the cell-specific anchor carrier. The precondition of sending paging only on anchor carrier for LTE-A UEs is that eNB needs to know what the capability of the paged UE is. However, current paging message doesn’t convey this type of information. Therefore, related information needs to be introduced in paging message to support the cell-specific anchor carrier function.
Proposal 1: Each cell should configure one cell-specific anchor carrier for LTE-A UEs in idle mode camping on and paging destined for LTE-A UEs should be only sent on this type of carrier.
The main problem of employing the cell-specific anchor is how to make all the LTE-A UEs in idle mode camp on this type of carrier. From RAN2 perspective, two alternatives could be considered to resolve this problem.
· Alternative 1: Only the cell-specific anchor carrier conveys system information. This alternative is a straightforward solution for UEs camping on the designated carrier. In this way, UEs can only detect the cell-specific anchor carrier before setting up RRC connection. Therefore the LTE-A UEs in idle mode naturally camp on the anchor carrier.
Pros of alternative 1: The main advantage is to save broadcasting overhead. Because system information is only transmitted on the cell-specific anchor carrier and the other component carriers are not responsible for transmitting these signaling. 

Cons of alternative 1: Since the non-anchor carrier doesn’t convey system information, UEs have to perform initial access through the anchor carrier in TDD or its paired UL carrier in FDD. In this case, all the random access responses of LTE-A terminals have to be sent via the anchor carrier, so the anchor carrier will suffer more load than the other component carriers and the latency of RACH procedure would be increased. Furthermore the connected UEs which work on the non-anchor carrier have to ‘move back’ frequently for receiving system information or monitor anchor carrier constantly, which brings poor efficiency or much power consumption.
· Alternative 2: The information of cell-specific anchor carrier is explicitly informed to LTE-A UEs. It means the information related to cell-specific anchor carrier (e.g., bandwidth and center frequency of the anchor) is added into the system information and the whole system information is transmitted on all the component carriers. Therefore no matter what kind of component carrier (anchor or not) is initially detected by LTE-A UEs, they could know which carrier is the anchor according to the system information and switch to monitor the anchor when they are in idle mode.
Pros of alternative 2: Since all the component carriers could be detected by UEs, initial access can be performed on any component carrier. This is beneficial to improving detection probability and reducing RACH procedure latency. In RRC connected mode, the UEs working on the non-anchor carriers don’t need to move back to the anchor carrier, and transmission efficiency and power saving effect could be improved.
Cons of alternative 2: The overhead of system information transmission is larger than alternative 1. Furthermore, new information related to the cell-specific anchor carrier needs to be added into system information. However, for carrier aggregation, we possibly need additional IEs or SIBs to provide the multicarrier information in a cell, such as carrier locations, carrier bandwidths, carrier pairing, and et al [3]. Therefore, to support carrier aggregation, the modification on system information seems inevitable.
A comparison has been made in table 1, and in our opinion, alternative 2 is slightly preferred. We think that it is worthwhile to pay some overhead for improving the performance such as detection probability and power consumption.
Table 1. Comparison of two alternatives
	
	Alternative 1
	Alternative 2

	Broadcast overhead
	small
	large

	Detection probability
	small
	large

	RACH latency
	high
	low

	Power consumption/Transmission efficiency
	large/low
	small/high


Proposal 2: All DL component carriers should convey system information and new information should be added to explicitly indicate which carrier is the cell-specific anchor carrier.
3 UE-specific anchor carrier
In this section, we will discuss the UE-specific anchor carrier. We propose the following definition for UE-specific anchor carrier.
The UE-specific anchor carrier is the carrier for which the connected UE keep monitoring DL transmission for serving cell. The carrier-level scheduling information is transmitted on this type of carrier. The information that indicates when and which carrier is scheduled to a UE is defined as carrier-level scheduling information.
The main advantage of using UE-specific anchor carrier is to save power consumption. When a UE is communicating with network on more than one component carrier, it would consume much power since the UE always receives signals on all the component carriers. If there is a UE-specific anchor carrier in charge of indicating when and which carrier the UE should receive signals on (carrier-level scheduling information), the UE only needs to persistently monitor the anchor carrier and follow the anchor carrier’s indication to receive the signals on other component carrier. Therefore from a power-consumption point-of-view, UE-specific anchor carrier is useful. However the procedure and criterion of UE-specific anchor determination should be for further study. We think that the procedure of determining UE-specific anchor might be UE-assisted and eNB-determined. It means that UE could send the measurement results related to quality of carriers to eNB, and then eNB is responsible for determining the UE-specific anchor based on the measurement reports and other parameters such as traffic load. eNB can make the decision during or after UE’s RRC connection setup procedure. UE-specific anchor carrier could be changed during communication.
Proposal 3: We propose to introduce the notion of UE-specific anchor carrier for connected UEs and carrier-level scheduling information should be conveyed by the UE-specific anchor carrier.
4 Backward compatibility
In the above discussion, the types of component carriers are all related to LTE-A terminals. In this section, we will discuss whether all the DL carriers should carry system information, synchronization and paging related to Rel-8 terminals. 
In our point of view, the backward compatibility is important due to the following benefits. Firstly, if a carrier is not Rel-8 backward compatible (i.e. LTE-A only), Rel-8 UEs cannot use this carrier, which results in fixed partition of resource between Rel-8 and LTE-A UEs.  Currently, we assume it is difficult to estimate what the ratio of LTE-A to Rel-8 UE is in the future. Therefore, it is not efficient to limit Rel-8 UEs to a part of the carriers. Secondly, eNB can perform flexible scheduling and efficient load balancing with multiple compatible component carriers. So we propose the following:
Proposal 4: From flexible scheduling and load balancing perspective, it is preferred that Rel-8 related system information, synchronization and paging should be carried by all the DL component carriers. 
5 Conclusion
In this contribution, we discuss the concept of anchor carrier and propose the following ideas:

1. Each cell should configure one cell-specific anchor carrier for LTE-A UEs in idle mode camping on.
2. All DL component carriers should convey SI and new information (additional SIB or IE) should be added in SI for explicitly indicating which carrier is the cell-specific anchor carrier.
3. We propose to introduce the notion of UE-specific anchor carrier and carrier-level scheduling information should be conveyed by the UE-specific anchor carrier.
4. From flexible scheduling and load balancing perspective, it is preferred that Rel-8 related system information, synchronization and paging should be carried by all the DL component carriers.
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