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1. Introduction

In RAN1#66bis and RAN1#67 meetings, the followings have been agreed for the introduction of extension carrier for Rel-11 LTE [1][2].
	[RAN1#66bis] 

Working assumptions from RAN1#66bis:

· Introduce at least one new carrier type in Rel-11 (bandwidth agnostic from a RAN1 point of view), with at least reduced or eliminated legacy control signalling and/or CRS

· at least for the downlink (or for TDD, the downlink subframes on a carrier)

· associated with a backward compatible carrier

· study further: 

· issues of synchronisation/tracking (including whether or not PSS/SSS are transmitted) and measurements/mobility

· resource allocation methods

· what RSs are required

· For FDD a downlink carrier of the new type may be linked with a legacy uplink carrier, and for TDD a carrier may contain downlink subframes of the new type and legacy uplink subframes.

Note that the current scope of the WI is for CA.

Uplink enhancements are not precluded.
[RAN1#67]

In the design of the new carrier type, support shall be provided for operation in both of the following scenarios (not necessarily equally optimized for both cases – take into account the gain that can be achieved):

· Synchronized carriers, i.e. where the legacy and additional carriers are synchronized in time and frequency to the extent that no separate synchronization processing is needed in the receiver.

· Unsynchronized carriers (i.e. where the legacy and additional carriers are not synchronized with the same degree of accuracy as for the synchronized carriers).

Note that synchronization is considered from the perspective of the UE receiver.


This paper discusses more detailed aspects of the extension carrier and we suggest some principles for the design of the extension carrier to be introduced in Rel-11.

2. Principles for the design of extension carrier for Rel-11
2.1. Inter-band carrier aggregation of the extension carrier
It is an important goal of carrier aggregation to support aggregation of fragmented bands to satisfy various demands by operators on the frequency band deployment scenarios. Therefore, it is a natural requirement to support inter-band carrier aggregation with the extension carrier. Figure 1 (a) and (b) illustrate scenarios of intra-band carrier aggregation and inter-band carrier aggregation with a new type component carrier. Even though an extension carrier should be aggregated with a backward compatible carrier, it should be supported for a UE to aggregate an extension carrier in one band with a backward compatible carrier in another band even if the extension carrier is the only component carrier in its existing band for the UE.
Proposal 1: An extension carrier in one band can be aggregated with a backward compatible carrier in another band even if the extension carrier is the only component carrier in its existing band.
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(a) Intra-band carrier aggregation
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(b) Inter-band carrier aggregation

Figure 1 Carrier aggregation scenarios with a extension carrier
2.2. Reference signals for the extension carrier
One of the main motivations of introducing new carrier type is to reduce the legacy control/CRS overheads. Moreover, it seems a general consensus that the data transmission in the extension carrier would be supported by DM RS. Since the overhead of CRS in addition to the DM RS would be significant while CRS is not necessary for the PDSCH transmission in the extension carrier, we suggest not supporting CRS in the extension carrier.
For the PDSCH transmission/reception in the extension carrier, transmission mode 9 (TM9) in Rel-10 can be generally reused with DM RS and CSI-RS. Necessity of supporting other transmission modes which uses DM RS can be discussed further.
Proposal 2: The extension carrier supports DM RS and CSI RS.

Proposal 3: Transmission mode 9 is supported in the extension carrier. Support of other transmission modes than transmission mode 9 in the extension carrier is FFS.

2.3. Resource allocation methods for the extension carrier
Since the extension carrier itself is also a component carrier in the perspective of the carrier aggregation, it is natural that the PDSCH in the extension carrier is scheduled independently from the other aggregated carriers with independent HARQ processes as in Rel-10 carrier aggregation. Regarding RB allocation algorithms for the PDSCH in the extension carrier, we believe a simple and efficient way is to reuse the Rel-8/9/10 RB allocation algorithms. In general, we suggest the followings for the resource allocation methods for the new carrier type.
Proposal 4: In the extension carrier, PDSCH is scheduled independently from the other aggregated carriers with independent HARQ processes.

Proposal 5: PDSCH in the extension carrier can be cross-carrier scheduled by the other aggregated carrier as in Rel-10. In addition, if E-PDCCH is decided to be supported in Rel-11, PDSCH in the extension carrier can be scheduled by E-PDCCH in the extension carrier itself

Proposal 6: Rel-8/9/10 RB allocation algorithms for PDSCH are reused as the resource allocation methods in the new carrier type.

2.4. PDSCH starting position for the extension carrier
In case of the cross-carrier scheduling in Rel-10 carrier aggregation, PDSCH starting position of an SCell is RRC-signalled to the UE. Even though the extension carrier doesn’t transmit PDCCHs in its starting OFDM symbol(s) in a subframe, it would be beneficial that network is able to configure the starting OFDM symbol(s) in a subframe of the extension carrier in order to blank some of OFDM symbols for the purpose of interference coordination, for example as seen in Figure 2, in some HetNet scenarios where one cell uses legacy PDCCH and another cell does E-PDCCH. Therefore, PDSCH starting position of a extension carrier can be RRC- signalled to the UE in the same manner as in Rel-10 carrier aggregation. 
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Figure 2 Example of usage for PDSCH starting point in extension carrier
It is FFS whether E-PDCCH starting position in extension carrier would be same with the PDSCH starting position or not, depending on the discussion on E-PDCCH.

Proposal 7: PDSCH starting position in a extension carrier is RRC-signalled to the UE as in Rel-10 carrier aggregation
2.5. PHICH corresponding to the UL carrier paired with an extension carrier
In case the PUSCH in the UL carrier which is linked to an extension carrier is cross-scheduled by a backward compatible carrier, PHICH resources in the backward compatible carrier can be used for the HARQ response as in case of Rel-10 cross-carrier scheduling. It is FFS which PHICH resources are used if PUSCH in the UL carrier linked to an extension carrier is scheduled by E-PDCCH (if introduced) in the extension carrier.
Proposal 8: When the PUSCH in the UL carrier paired with the extension carrier is cross-carrier scheduled by a backward compatible carrier, PHICH in the scheduling cell is used as in Rel-10.
3. Summary
This paper discussed more detailed aspects of the extension carrier and we suggested some principles for the designe of the extension carrier to be introduced for Rel-11.
The suggestions in this paper are summarized as follows.

Proposal 1: An extension carrier in one band can be aggregated with a backward compatible carrier in another band even if the extension carrier is the only component carrier in its existing band.

Proposal 2: The extension carrier supports DM RS and CSI RS.

Proposal 3: Transmission mode 9 is supported in the extension carrier. Support of other transmission modes than transmission mode 9 in the extension carrier is FFS.

Proposal 4: In the extension carrier, PDSCH is scheduled independently from the other aggregated carriers with independent HARQ processes.

Proposal 5: PDSCH in the extension carrier can be cross-carrier scheduled by the other aggregated carrier as in Rel-10. In addition, if E-PDCCH is decided to be supported in Rel-11, PDSCH in the extension carrier can be scheduled by E-PDCCH in the extension carrier itself

Proposal 6: Rel-8/9/10 RB allocation algorithms for PDSCH are reused as the resource allocation methods in the new carrier type.

Proposal 7: PDSCH starting position in a extension carrier is RRC-signalled to the UE as in Rel-10 carrier aggregation
Proposal 8: When the PUSCH in the UL carrier paired with the extension carrier is cross-carrier scheduled by a backward compatible carrier, PHICH in the scheduling cell is used as in Rel-10.
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