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1 Introduction

At the RAN1 #66bis meeting, the motivation of introducing a new carrier type, and some potential issues if new carrier type is to be supported, such as synchronization, reference signals, control signaling, etc, have been discussed. The following conclusions were achieved [1]:
	Conclusion:

From a RAN1 perspective, the main motivations identified for introducing a new carrier type for carrier aggregation are:

· Enhanced spectral efficiency

· Improved support for het net

· Energy efficiency

It is for RAN4 to determine whether there is a need for new RF bandwidths to support improved bandwidth scalability. 

Working assumptions:

· 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.


In this contribution, we try to find out some solutions to fulfill these requirements, by exploiting possible alternatives to the legacy signals, such as Cell-specific Reference Signals (CRS), Physical Downlink Control Channel (PDCCH), etc.

2 Discussion
In HetNet scenario, the Inter-Cell Interference (ICI) imposed on the Physical Broadcast Channel (PBCH) and PDCCH between aggressor and victim cells has become a serious issue. With the introduction of new carrier type, such issue can be avoided by eliminating PBCH and PDCCH completely. The information originally carried in MIB can be obtained by UE from dedicated RRC signaling in another backward-compatible carrier (e.g. PCC). The downlink control signaling (i.e. DCI) can be transmitted also from the other carrier using the cross-carrier scheduling or by E-PDCCH.
Proposal 1: The transmission of PBCH can be eliminated from the carrier of the new type. The downlink control information can be transmitted from the PCC using the cross-carrier scheduling or from E-PDCCH. 
If PDCCH is eliminated from the carrier of the new type, the Physical Control Format Indicator Channel (PCFICH) is no longer necessary and thus can be removed, too. However, a mechanism to acknowledge the UL transmission, which is originally provided by Physical Hybrid ARQ Indicator Channel (PHICH), should be considered if no control region on the carrier of the new type. Although non-adaptive retransmissions can be used instead, it will unfavourably result in increased control channel overhead. 
Proposal 2: A mechanism to acknowledge the UL transmission should be considered, if no control region is designed for the carrier of the new type.
Since the CRS is designed for Rel-8 for many purposes, such as channel estimation, CSI-measurement, RLM measurement and RRM measurement for mobility, it is difficult to find a single alternative to completely replace CRS. Therefore, instead of a single alternative, it is more reasonable to consider a few alternatives for replacing each function of CRS.
Coherent demodulation
Demodulation reference signals (DM-RS), which are intended to be used in channel estimation for PDSCH demodulation, were introduced in Rel-8 and further enhanced in Rel-9/10. Thus, it is straightforward to be reused for channel estimation and data demodulation in the carrier of the new type. Moreover, DM-RS is UE-specific and only transmitted in the resource blocks (RBs) assigned to a specific terminal, which is more favorable from HetNet ICIC perspective, as well as energy efficiency perspective. Last but not least, since Rel-10, DM-RS is the only demodulation signals applicable for spatial-multiplexing of more than four layers. Therefore, DM-RS should be the baseline for channel estimation and data demodulation in the carrier of the new type, though some enhancements, such as supporting transmit diversity, etc, can be further studied. 
Proposal 3: The Rel-10 DM-RS should be the baseline solution for channel estimation and data demodulation in the carrier of the new type. Further enhancements, such as supporting transmit diversity, etc., can be further studied.
CSI-measurement:

Similar to the DM-RS, CSI-RS was already introduced in Rel-10 for terminals to acquire channel-state information, more specifically, in transmission mode 9. Furthermore, the CSI-RS was designed in a way, such that the inter-cell interference (ICI) is well considered. This is again desirable from HetNet ICIC perspective. The design of CSI-RS in Rel-10 supports CSI-measurement on up to eight layers, thus it can provide higher spectral efficiency in comparison to Rel-8 CRS.
However, there are some further considerations on CSI-RS. Although the density of the CSI-RS in time/frequency domains is lower than CRS, which however is beneficial from the perspective of improving energy efficiency and reducing overhead, it might degrade the performance of UE under some extreme channel conditions, such as very fast channel variations in both the time and frequency domains. Nonetheless, CSI-RS can still satisfy the measurement requirement in most cases. Therefore, we propose to accept the CSI-RS as the baseline, and the performance loss should be evaluated in the next step to identify if any enhancement is needed.
Proposal 4: It is suggested that CSI-RS should be the baseline solution for CSI measurement. Performance enhancement is FFS.
Radio link monitoring:

In Rel-10, the RLM is applicable only for PCC. According to the working assumption that the carrier of the new type should associate with a backward compatible carrier, it is unlikely that the carrier of the new type becomes the PCC. Enabling RLM for SCC has not yet been justified. Thus, designing corresponding signals to support RLM on the downlink carrier of the new type should be low priority.
RRM measurement:

The RRM measurement is based on CRS to support mobility management for UE (handover, cell selection/reselection, etc.) and addition/removal of SCC(s). The properties of CRS, such as predetermined positions and high density in time-frequency domain, always-on transmissions, etc., are favorable from RRM measurement perspective. UE can perform RRM measurement without acquiring much information of target cell, for instance timing, system frame number, subframe and resource configuration, etc.
However, as discussed above, the motivations do not suggest the carrier of the new type becomes the PCC of UE. Consequently, it is not necessary to provide predetermined RS for mobility management on the carrier of new type. In the case of addition/removal of SCC, the eNB can provide the specific configuration to UE in order to perform measurement on the downlink carrier of the new type. Therefore, per-UE configured reference signals, e.g. CSI-RS, can be considered as the candidate for RRM measurement, though some enhancements on interference measurement may be considered to avoid reporting over-optimistic RSRQ. Recall that, the RSRP and RSSI measurements shall be performed over the same set of resource blocks [2]. Unfortunately, due to the application of zero-power CSI-RS for mitigating the ICI, the resource blocks containing CSI-RS for RSRQ measurement tend to become less interfered, yielding over-optimistic RSRQ measurement results.
Another alternative is to reuse legacy PSS/SSS on the downlink carrier of the new type. The synchronization issues related to the carrier of the new type, including whether the PSS/SSS can be eliminated, is discussed in [3]. If it is finally agreed that the PSS/SSS should still be transmitted in the carrier of the new type, the PSS/SSS could be the candidate for RRM measurement. In comparison to the CSI-RS, the PSS/SSS cannot cover the bandwidth larger than 6 RBs in the current design. Nonetheless, the bandwidth of PSS/SSS at least well satisfies the minimal bandwidth requirement for inter-frequency measurement.
The issue of relying on CSI-RS and PSS/SSS for RRM measurement is that new measurement requirement may need to be defined. Recall that the current measurement requirement is based on CRS measurement [4]. Therefore, the specification efforts by RAN4 would increase and the impact of the system design may have to be considered.
One fallback solution for RRM measurement is that one-port CRS should be deployed [5]. This solution provides the similar performance to Rel-8 for RRM measurement with the least impact to the specification. However, promising benefits of introducing new carrier type, such as improved support for HetNet, enhanced spectral efficiency and energy efficiency, may not be achieved. Moreover, the presence of CRS is not favourable from downlink CoMP perspective, in consideration of the interference between the CRS and the PDSCH transmission. Therefore, this fallback solution is not preferred.

Apart from the abovementioned possible solutions for RRM, other candidates may also exist and need further studies.
Proposal 5: One-port CRS solution for RRM measurement is not preferred. The PSS/SSS and CSI-RS based solutions should be further studied.
According to the above analysis, the functions of CRS can be replaced by other signals without significant standardization impacts. Thus, it can be concluded that the CRS can be eliminated from the carrier of the new type.

Proposal 6: The transmission of CRS should be eliminated from the carrier of the new type. 
3 Conclusion

In this contribution, we have discussed various solutions to the open issues for supporting the new carrier type, and kindly suggest that RAN1 accept the following proposals: 
Proposal 1: The transmission of PBCH can be eliminated from the carrier of the new type. The downlink control information can be transmitted from the PCC using the cross-carrier scheduling or from E-PDCCH.
Proposal 2: A mechanism to acknowledge the UL transmission should be considered, if no control region is designed for the carrier of the new type.
Proposal 3: The Rel-10 DM-RS should be the baseline solution for channel estimation and data demodulation in the carrier of the new type. Further enhancements, such as supporting transmit diversity, etc., can be further studied.
Proposal 4: It is suggested that CSI-RS should be the baseline solution for CSI measurement. Performance enhancement is FFS.
Proposal 5: One-port CRS solution for RRM measurement is not preferred. The PSS/SSS and CSI-RS based solutions should be further studied.
Proposal 6: The transmission of CRS should be eliminated from the carrier of the new type.
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