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1. Introduction

At the RAN1 #66bis meeting it was shown that the introduction of at least one additional carrier type in Rel-11 offers several system benefits including enhanced spectral efficiency, improved het-net support and energy efficiency (see e.g. [1]-[3]). Consequently, RAN1 agreed on a working assumption as follows [4]:
· 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.
· Uplink enhancements are not precluded.

This contribution studies three DL design aspects associated with a new carrier type, namely, synchronization, DL reference signals and DL control signalling. The focus hereafter is mainly on extension carriers but some of the analysis is also applicable to carrier segments.
2. DL Control Signalling

In this section we discuss the need for legacy control signalling on a new carrier type. During Rel-10 discussions it was agreed that a new carrier type, e.g. an extension carrier, cannot be standalone but must be paired (or aggregated) with a backward compatible carrier. Furthermore, Rel-10 already specifies that all system information that is relevant for SCell operation is provided to a UE via dedicated signalling during SCell configuration [4]. Thus, we do not see a practical need for PBCH on an extension carrier as a Rel-11 UE cannot camp on it and the information contained in the MIB can be provided via a backward compatible cell.
The limitations of the legacy control region for enhanced ICIC, and a general need for an increase in control channel capacity amongst other factors, led to a working assumption supporting the introduction of an enhanced PDCCH (e-PDCCH) in Rel-11 [5]. Given that some of these same objectives motivated the introduction of an additional carrier type, and because the extension carrier is paired with a backward compatible CC for Rel-11 UEs, there does not seem to be a strong reason to maintain the legacy control region on an extension CC. It should be sufficient to specify only the e-PDCCH for a new carrier type. A UE configured for PDSCH reception on the extension CC can be scheduled via PDCCH on a different CC (cross-CC scheduling) or via the e-PDCCH on the extension CC (Rel-11 PDCCH-less SCell). 
Observation: an extension carrier should be characterized by the absence of legacy control region, and is hereafter defined as a PDCCH-less SCell.

2.1. Design Considerations for a PDCCH-less SCell 

There is no need for a control format indicator (CFI) since the e-PDCCH can start at the first OFDM symbol of a subframe. However, there are other design considerations for a PDCCH-less SCell including:

· A new mechanism for DL HARQ signalling in response to PUSCH (re)transmissions.

· Potential support for RA procedure
PHICH
In legacy systems DL HARQ-ACK signalling is transmitted on the PHICH. If a Rel-11 UE is configured to receive UL grants on the e-PDCCH a new mechanism may be required for DL HARQ-ACK signalling depending on the carrier type. 
1) For a backward compatible serving cell, where at least 1 OFDM symbol is reserved for the legacy control region DL HARQ-ACK can be transmitted on the PHICH since PHICH resource mapping is based on the lowest-indexed PRB of the PUSCH allocation and the DMRS cyclic shift field in the UL grant. 
2) For a PDCCH-less SCell one possibility is to transmit the DL HARQ-ACK signalling on the PHICH of a backward compatible serving cell – in other words the UE assumes it was cross-scheduled from a different serving cell for the purpose of receiving DL HARQ-ACK. An illustration is shown in Figure 1 where PUSCH transmission on an UL SCell is scheduled using the e-PDCCH on the SIB2-linked PDCCH-less DL SCell. In this example the corresponding DL HARQ-ACK is transmitted on the PHICH of the PCell. The main benefit of this scheme is its simplicity as there is no need to specify a new PHICH for a PDCCH-less SCell. 
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Figure 1 PHICH mapping for PUSCH allocation from PDCCH-less SCell
3) Alternatively a new DL HARQ (PHICH) transmission structure can be envisioned when a PDCCH-less SCell is configured with the e-PDCCH. The structure of a new PHICH design is FFS as it would depend on the e-PDCCH design. 
RA Procedure
RAN1 and RAN2 have discussed the support of multiple timing advance commands in the case of inter-band CA. For a UE configured for CA, there could be at least one timing advance group (TAG) per configured RF band. Hence, if a TAG only contains a PDCCH-less SCell, a RA procedure may be configured for UL timing synchronization of the UL SCell that is SIB2-linked to the PDCCH-less SCell. Two possibilities for the RA procedure are:

1) PDCCH indicating RA Msg2 for the UL SCell that is SIB2-linked to a PDCCH-less SCell is transmitted on a backward compatible serving cell.

2) RA Msg2 is signalled by the e-PDCCH on the PDCCH-less SCell. Further details for this approach would depend on the e-PDCCH design.

3. Synchronization
For backward compatible cells, the UE acquires slot timing, frame timing, PCID, CP length and even TDD/FDD determination from the primary and secondary synchronization signals (PSS/SSS). It may be possible for the UE to derive the DL timing for an extension CC from the DL timing of a backward compatible CC in the same band. As mentioned in several contributions (e.g. [6]) several factors could cause a timing mismatch between intra-band CCs including timing alignment error and, if supported, different locations for the transmitters of each serving cell. Moreover, for inter-band aggregation with a large frequency gap the PSS/SSS is necessary if the UE cannot derive SCell timing from the PCell. Therefore, our preference is:
Proposal: the legacy PSS/SSS should be transmitted on an extension CC.

4. DL Reference Signals
Absence of CRS:  
Improved het-net support is one of the motivations driving the introduction of a new carrier type in Rel-11. It has been observed that CRS interference from a dominant interferer on the PDSCH region of a victim cell can cause significant performance degradation [7]. As such reducing or eliminating CRS transmission on an extension CC is desirable from an ICIC perspective. The absence of CRS transmission may also be advantageous for improving energy efficiency for low- to no-load periods. On the other hand legacy systems use CRS for 

· Demodulation of PDSCH and PBCH

· Link adaptation

· RLM/RRM measurements including intra/inter-frequency RSRP/RSRQ measurements

· Note that own-cell RSRP is also required for pathloss computation.

· Time/frequency tracking after initial synchronization using the PSS/SSS)
A UE can be configured for TM9 – or any transmission mode relying on demodulation using UE-specific reference signal – on the extension CC so that it uses CSI-RS and DMRS for link adaptation and data demodulation respectively. One implication of turning off CRS is that other-cell UEs cannot perform intra/inter-frequency measurements on the extension CC. This may not be an issue for cell camping especially when the PBCH is turned off on an extension CC. However, pathloss measurements would only be possible with CSI-RS, which has a lower duty cycle and sparse representation compared to CRS. 

Another implication of the absence of CRS transmission is the need for alternative means of time/frequency tracking e.g. using the PSS/SSS [8]. Further study is required in both RAN1 and also in RAN4 for such an approach. To limit the scope of work in Rel-11 our initial preference is to support at least one port CRS. It is also possible to further explore the possibility of flexible configuration of CRS transmission on a per-subframe basis.

Proposal: 

· Support at least 1-port CRS transmission on an extension CC.

· Flexible configuration of CRS transmission per subframe is FFS.

5. Conclusion

This contribution provided a preliminary analysis of three design issues for an extension CC in Rel-11. Our initial recommendations are
· An extension carrier should be characterized by the absence of legacy control region, i.e. a PDCCH-less SCell
· Consider simple methods for DL HARQ-ACK in lieu of PHICH
· The PSS/SSS should be present on an extension CC.
· Support at least 1-port CRS transmission on an extension CC. 
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