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1 Introduction
A work item for carrier aggregation enhancements for LTE Release 11 has been approved and updated in RAN #51 and #52 respectively [1]

 REF _Ref300332229 \r \h 
[2]. One of the objectives of the work item is the study of additional carrier types including non-backwards compatible elements for Carrier Aggregation. Some needs and enhancements that may be addressed through additional carrier types were discussed in [3]. Specifically, energy efficiency, flexible spectrum usage, heterogeneous network deployments and machine type communications were identified as key goals. This paper discusses some potential directions for additional carrier types that could assist in addressing these goals.

2 CRS-free operation
As identified in [3], there already seems to be a trend to reduce reliance on the CRS due to numerous limitations that arise out of it. Some of these problems include the following:

1) Pilot pollution: Interference between the CRS from different cells can be a limiting factor for data rates in low load conditions.

2) Overhead: The overhead generated by CRS does not dynamically scale according to the number of data streams being transmitted to a user. 

3) MIMO: With the introduction of transmission mode 9 where UE specific precoding and CSI-RS for measurements is used, there is from a MIMO perspective no longer a need for CRS to support an efficient MIMO operation. Besides, the CRS based MIMO transmission modes are limited to maximally four antenna ports.   

4) Inefficient power usage: CRS signals are specified to be transmitted in normal subframes at all times even when there is no data being transmitted to any users. This leads to a waste in energy [5].

Given these issues with CRS, it would be worthwhile considering additional carrier types that do not have any CRS transmissions. This would lead to greater energy efficiency in addition to providing other improvements. However, CRS currently serve multiple functions with some of the important ones being:

1) Channel estimates for demodulation

2) Mobility measurements

3) Time/frequency tracking

If CRS is to be absent from additional carrier types, alternative methods to perform these crucial functions are clearly needed. The need for channel estimates for demodulation can be addressed by using the DM-RS for UE-specific transmissions and with some modifications for non-UE-specific transmissions. An enhanced control signalling channel (ePDCCH) as discussed in Section 3 would make the transmission of CRS unnecessary for demodulation. Mobility measurements could be performed based on the PSS/SSS as discussed in Section 4.

3 Enhanced control signaling based on self-contained reference signals
The shift of control signalling transmission based on UE-specific reference signals instead of cell-specific reference signals (CRS) has been discussed earlier in [6] which listed the benefits as an increased PDCCH capacity and reduced overhead. It was stated that a shared data channel DM-RS based variant of the Relay PDCCH (R-PDCCH) would be a good starting point for such a control channel. Finally, some areas where the R-PDCCH design could be modified for a UE-specific control channel were identified including resource mappings. 

Existing PDCCH mechanisms based on CRS may still be needed for common control signalling such as system information. However, in carrier aggregation mode, it may be possible to obtain all common control signalling from the primary carrier which still can be CRS based. This would obviate the need for CRS on the additional carrier.

When UE-specific control signalling is used, the necessary downlink channel information to perform UE specific precoding may not always be available or may not be reliable for robust control channel transmission. It is important that control transmissions are robust and therefore it is useful to consider channel independent transmission (i.e. non-precoded) based on UE specific RS as well. Such operation would also allow transmission of some common control information to multiple UEs (i.e. full cell coverage) in a robust manner while at the same time eliminating the transmission of reference signals when no information is being transmitted. Furthermore, for some applications such as emergency warning services, it would be beneficial/ necessary to address multiple UEs in additional carrier types because of tight timing and reliability requirements. For such cases, DM-RS based transmissions can be directed at multiple UEs (and in some way work as a common reference signal localized to the used PRBs only) by a channel independent transmission scheme. Common search spaces could be defined as in the case of the PDCCH, where such channel independent transmission schemes are used by default.

That is, there are two facets of DM-RS that are beneficial. The first is that they are UE-specific and can be precoded as needed for each UE. A second important aspect is that they are self-contained within the resource assignment to the UE and therefore are not present when no data is being sent. By not precoding the DM-RS for control based transmissions, the second benefit of DM-RS is still present. The ability to use the DM-RS in this manner for common control signaling would be useful to study for additional carrier types.

An R-PDCCH type control channel for additional carrier types, with some modification, could allow the use of UE-specific control signaling and the transmission of common control messages as described above. Such a control channel could also be flexible in the amount of bandwidth used thus providing better support for machine type communication devices. It is therefore natural to consider such an ePDCCH control channel based on DM-RS also in the context of additional carrier types. 
4 Synchronization and other reference signals

Interference between synchronization signals, PBCH transmissions and reference signals sent from synchronized macro and pico cells can impact performance especially in heterogeneous deployments. For Rel-11, some solutions may be possible due to the lack of a backward compatibility constraint on the additional carrier. 

For a carrier aggregation scenario where the primary and secondary carriers are coming from the same site and are synchronized between themselves and between the macro and pico cells, it may be possible to omit the transmission of the PSS/SSS and PBCH information completely from the secondary carriers on both the macro and pico cells as shown in Figure 1. This would allow these transmissions to be received by a UE from the pico cell without interference from similar signals at the macro cell. 
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Figure 1: Additional carrier types without synchronization signals when the primary and secondary carriers are co-sited and synchronized. 

For scenarios where tight frequency and time synchronization between the primary and secondary carriers does not exist, interference issues could in general be solved by allowing synchronization and reference signals to be configurable. Some signals such as the PBCH could be entirely omitted on the additional carrier. Other existing signals such as the SSS or the CSI-RS could be used for mobility measurements. Such approaches should be studied to enhance the performance of heterogeneous deployments with carrier aggregation involving additional carrier types.
5 Types of additional carriers
As described in [3] there are spectrum scenarios where the spectrum is fragmented or is substantially different in size than the available bandwidths in LTE. We see two different approaches that could be utilized by the operator to gain access to this additional spectrum. The first approach is to rely on carrier aggregation of a legacy carrier together with an additional carrier type, as illustrated in Figure 2. This will allow the possibility for fully CRS-free secondary carrier with benefits as indicated in section 2. 
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Figure 2: Aggregation of Rel-10 carrier and an additional carrier type

A secondary approach would be to configure a legacy carrier within an additional carrier type so that the total bandwidth does not exceed 100 RB pairs. This would allow the use of the additional carrier type without carrier aggregation, which would be beneficial if a new LTE system bandwidth is defined in RAN4 as it would allow legacy UEs to access this carrier. 

If a new channel bandwidth is defined, there will be a need to define RF core and new performance requirements in RAN4. Further, before adopting such a solution the approach needs to be studied carefully in RAN4 to verify whether sufficient performance can be achieved, also for the legacy part. The carrier would still contain some CRS within the legacy part of the carrier which implies that not all the benefits that are described in section 2 are fully achieved. In light of the above, the carrier aggregation approach would be preferable to introduce additional carrier types. It should be noted that whether a new channel bandwidth should be adopted or not is a RAN4 decision. 
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Figure 3: Legacy carrier within an additional carrier type

6 Initial trade-off analysis
The applicable scenarios for an additional carrier type are heterogeneous network deployments, and in the long run, machine type communication, flexible spectrum usage and energy efficient operations especially on the network side. Each scenario is specifically highlighted together with a high level benefit analysis in [3].

As highlighted in this contribution, the main change we foresee by defining a CRS-free carrier is that the UE would need to base its demodulation, measurements and time/frequency synchronisation on signals other than the CRS. Most of these functionalities already have options other than the CRS such as UE specific RS for demodulation, CSI RS for CSI report and for some others functionalities it is not specified that the CRS should be used. In addition, there is an ongoing enhanced PDCCH work based on UE specific RS, which also have a use case in the additional carrier type.

In a compatibility analysis we see that removing the CRS will have the effect that UEs of previous releases can not access this additional carrier. It is in the end up to the operator to deploy a non-backward compatible additional carrier type or a Rel-8 compatible carrier type.

In a specification workload impact analysis we see that the main impact will be related to RAN1 and RAN4. 

· For RAN1 we see that the impact would be associated with defining DL control channels, i.e. ePDCCH and studying that sufficient demodulation, measurement and synchronisation performance is achieved for an additional carrier type.

· For RAN2 we foresee mainly an impact in the form of specifying the RRC signalling to the associated schemes if any that are specified in RAN1.

· For RAN4, if no new transmission bandwidth is defined, what work is needed by RAN4 remains to be seen based on the outcome of the RAN1 discussions. If a new transmission bandwidth is defined, RAN4 would need to set a new core requirement and a corresponding performance requirement for this channel bandwidth. 

7 Proposal
Based on the above discussion we propose the following:

1) Consider avoiding CRS transmission on additional carrier types and study the use of alternate mechanisms for mobility measurements and synchronization.

2) Study a control channel for additional carrier types that is based on DM-RS type self-contained reference signals and that can deliver UE-specific as well as common control information.

3) Study limiting the transmission of synchronization and common reference signals and increasing their configurability on additional carrier types.

4) The additional carrier type(s) can be aggregated together with a legacy carrier. 
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