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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]. At RAN1 meeting #66bis, a working assumption was agreed to introduce at least one new carrier type in Rel-11 associated with a backward compatible carrier and with at least reduced or eliminated legacy control signaling and/or CRS. 

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. 

Further development continued within 3GPP and at RAN1 meeting #67 it was agreed that an additional carrier design should consider both the case when the additional carrier is synchronized with a primary cell and the case when it is not synchronized. 

Potential directions for additional carrier types that could assist in addressing the agreed design target has been discussed in [4], [5]. These principles centered on creating a CRS-free operation, enhanced control signaling with self-contained reference signals and configurability of synchronization and other RS when needed. In this paper, these principles are discussed further. In addition, an important scenario for the additional carrier is highlighted together with some initial performance evaluation results.

2 Operating Scenarios

An additional carrier with CRS-free operation is beneficial in many deployment scenarios; it would however be particularly beneficial in a Heterogeneous network deployment as it would significantly lower the interference in the network thus enabling higher cell throughput. An additional carrier would significantly raise the throughput for UEs operating close to the cell edge. To achieve these large throughput gains, the additional carrier should be designed without transmission of CRS, and should instead be based on UE specific RS.

Motivations for removing the CRS include ability from the network side to increase energy efficiency by being able to turn off the PA if no traffic is scheduled in a particular subframe [6], overhead reduction, and removal of the interference problem associated with CRS pollution which creates significant interference. These aspects were discussed in [4].

Figure 1 illustrates a HetNet deployment where a CRS-free additional carrier is deployed on one of the two utilized frequencies. In such a scenario the DL throughput performance will increase if an additional carrier without CRS is used, due to less interference created in the network especially at the cell edge and particularly in HetNet deployments where cell range expansion is utilized. This is because UEs attached to the Pico cell that are operating in the cell range expansion zone will otherwise see significant interference from the Macro base stations and from other Pico base stations. 
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Figure 1: HetNet deployment with an additional carrier type

The performance increase of utilizing a CRS-free carrier as a secondary cell is illustrated in Figure 2. The considered simulation set up is in line with [7], where baseline simulation parameters for macro-pico deployments follow from TR 36.819 and TR 36.814. In this contribution we also consider ITU channel modeling with all UEs being dropped indoor, and as in [8] we consider 4 pico eNB per macro cell, non-full buffer traffic corresponding to scenarios with high load. All results are without any modelling of Tx/Rx impairments and cancellation is only conducted when it does not deteriorate the performance. Thus, it is assumed that the UE can detect when it should switch on and off the cancellation in order to avoid any performance degradations. Furthermore, non-ideal cancellation was modelled by replacing the CRS power of any cancelled interferer with an effective residual power before calculating (using the link-performance model for CRS interference from [7]) the throughput. Detailed link-level simulations were used to find the effective residual power as a function of the noise level (including other signals) present on the resource elements used to estimate the interferer channel.
The “CRS carrier – No IC” results in Figure 2 indicates the performance of a setup when secondary cell at the Picos and Macros contain CRS, but with UEs not performing interference cancellation of CRS, “CRS carrier – NonIdeal IC 1” indicates the performance for when secondary cell at the Picos and Macros contain CRS but the UEs are performing CRS cancellation of the strongest interferer if needed and “CRS free carrier” indicates the performance if we have an additional carrier without CRS is used both at the Picos and Macros as an secondary cell. As can be observed from [8], there is a gain with the UE cancelling the CRS from strongest interfering cell when considering a practical UE receiver. There are however many additional weaker contributing interfering sources on top of the strongest interferer in the evaluated scenario. Considering a practical UE receiver the additional gain by cancelling more than the strongest interfering cell will be limited. With a CRS-free additional carrier type it is possible to increase the DL user throughput considerably as the performance will not be limited by practical UE receiver implementation aspects.

Observation

· The DL throughput increases significantly on the cell edge by operating with a CRS-free additional carrier
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Figure 2: Cell edge performance comparing CRS carrier with a CRS-free carrier
Defining an additional carrier as a CRS-free carrier enables a decrease in the eNB power consumptions by enabling the PA to turn off more often [6], it will also increase the DL throughput significantly compared to a CRS based carrier. 
Proposal

· The additional carrier type is CRS-free

The main design principles for a CRS-free carrier are described in [9].

3 Conclusions

In this contribution we discuss the performance benefits by utilizing an additional carrier in Heterogeneous network and how it affects the DL throughput. Based on the discussion we make the following observation

· The DL throughput increases significantly on the cell edge by operating with a CRS-free additional carrier
Based on the observation we propose

· The additional carrier type is CRS-free
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