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1. Introduction
At the RAN1 #67 meeting, the following design targets were agreed upon for new carrier types depending on two types of carrier aggregation scenarios.
· 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.
At the RAN1 #67 meeting, motivation to achieve efficient battery savings with an additional carrier type was presented [1]. In this contribution, we present further views on enhancement of small cell identification/discovery in carrier aggregation and heterogeneous network (HetNet) scenarios using additional carrier types in order to achieve efficient battery savings at the UE as well as energy savings at the eNodeB. 
2. Enhanced Cell Identification Using Additional Carrier Types
One of the main target scenarios in Rel-11 carrier aggregation is a HetNet deployment scenario using low-power remote radio heads (RRHs). In RAN2, enhancement of HetNet mobility measurement is under discussion. In [2], inter-frequency measurement enhancements for small cells are discussed to reduce effort on the inter-frequency measurement in HetNet deployment scenarios and to alleviate UE battery consumption. The detailed requirements and possible solution to this are described in the Annex. In order to enhance further small cell identification/discovery and to achieve UE battery savings, we propose designing additional carrier types for this purpose. Generally, the following enhancements for small cell discovery are considered. 
· Option 1:  Use UE assistant information to assist measurement
· Option 2:  Reduce measurement effort and use a long periodicity between measurements

Option 1 does not require supporting additional carrier types. In this option, UE assistance information, e.g., proximity indication and location information [3] – [5], is used. This information could help an eNB learn about the right timing when the measurement is performed. However, obtaining the assistance information itself may also consume the UE battery and this option is not reliable. In option 2, an additional carrier type is utilized in small cells in a HetNet scenario and new discovery signal (DS) must be defined. Here, we also note that it is worthwhile to deploy an additional carrier type in small cells in HetNet scenarios as summarized in [6]. The DS is designed so that the received SINR is improved compared to the existing DL RS and the UE can detect all the neighbor cell DSs with one or a few attempts. To achieve these features, the following requirements should be satisfied.
· Requirement 1: The density of DSs should be much higher in a subframe than that for the existing DL signals for synchronization.
· Requirement 2: One or a few DS subframes are transmitted with a very long periodicity.
· Requirement 3: The DS should support a sufficient number of orthogonal and quasi-orthogonal sequences to reduce cell planning efforts.
To satisfy requirement 1, the amount of time/frequency radio resources for one-shot DS transmission should be sufficiently large, e.g., full use of a few subframes. This will improve the received SINR and enable the UEs to detect the small cells with one or a few attempts. In addition to requirement 1, efficient UE power savings are achieved by setting a very long periodicity, e.g., a few seconds, between DS transmissions (requirement 2). This is also beneficial in avoiding an increase in the signaling overhead. Finally, the received SINR is further improved using (quasi-) orthogonal DS sequences among small cells (requirement 3). This requirement in particular is more important in dense local area deployment scenarios where the pilot pollution problem will occur.
Figure 1 shows an example of HetNet deployment scenarios using DS for option 2. A backward compatible carrier (f1) is employed at the macro eNodeB, whereas new additional carriers are deployed using higher frequency bands (f2-f4) at the pico eNodeBs. From the UE perspective, what the UE should do is just to perform inter-frequency small cell measurement at only the reception timing of the DS when the UE (UE #1) is not configured with CA. In this way, efforts toward inter-frequency small cell measurement could be relaxed in HetNet scenarios. Once the UE (UE #2) is configured with new carriers for CA, the UE attempts to detect the DL RS for synchronization, mobility measurement (if needed), and CSI reportings in a manner similar to conventional CA. The details regarding DL RS for additional carrier types are discussed in [6]. From the pico eNodeB perspective, the DS is only transmitted when there is no data traffic in the small cell. On the other hand, if there is data traffic, the DL RS is transmitted. This way, energy savings are actualized at the pico eNodeB.
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Figure 1 – HetNet deployment scenarios using additional carrier types.
3. DS Design 
In this section, we briefly discuss design issues facing the DS for enhanced small-cell discovery. According to the requirements given in Section 2, one possibility we can consider is to reuse the positioning reference signal (PRS) [7]. Actually, the PRS satisfies requirements 1 and 2. The PRS is designed to be very dense within a subframe, and its transmission interval is configurable up to 1.28 sec. although support for even a longer interval such as several seconds is desirable for the DS from the energy savings perspective. However, a major drawback to reusing the PRS is a limited reuse factor due to the fixed mapping pattern with six sub-carrier separation. In order to avoid PRS collision between cells, cell planning for six sub-carrier shifted patterns is required. To address the problem, a modified PRS with a more randomized mapping pattern or application of a CDM-based sequence such as a physical random access channel (PRACH) could be considered for further investigation.
4. Conclusion

In this contribution, we proposed enhancing small cell discovery in CA + HetNet scenarios by designing additional carrier types.
Proposal : Design of a new discovery signal in an additional carrier type should be investigated further in order to reduce the UE power consumption and to achieve energy savings at the pico eNodeB.

For further study, the following requirements for the discovery signals were provided.

· Requirement 1: The density of DSs should be much higher in a subframe than that for the existing DL signals for synchronization.

· Requirement 2: One or a few DS subframes are transmitted with a very long periodicity.
· Requirement 3: The DS should support a sufficient number of orthogonal and quasi-orthogonal sequences to reduce cell planning efforts.
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Annex

The following requirements for inter-frequency pico-cell measurements were identified and are to be discussed [8]:

· Requirement 1: UE power consumption for inter-frequency pico cell measurements in HetNet deployments should be minimized.

· Requirement 2: U-plane interruption on the macro serving cells caused by inter-frequency pico cell measurements should be minimized.

· Requirement 3: Mobility performance served by macro cell carriers should not be degraded by measuring inter-frequency pico cells.

· Requirement 4: The UE should be able to measure a sufficient number of inter-frequencies in HetNet deployments.
· Requirement 5: Performance requirements for inter-frequency measurements should fulfill low mobility scenarios.
In order to achieve the above requirements, the following potential solution was proposed in [8].

· Apply relaxed performance requirements (e.g., longer measurement period and relaxed Es/Iot conditions) to inter-frequency pico cell measurements.

· Enhance the measurement control scheme so that the eNB can configure the UE with two inter-frequency measurements to which different performance requirements are applied.

One possible approach is to apply a concept similar to deactivated SCell measurements and this is illustrated in Fig. 2. In deactivated SCell measurements, performance requirements are based on DRX measurements to achieve UE power savings. 

[image: image2.emf]Inter-frequency measurements

Deactivated Activated

F2 is configured for CA

Frequency 1

Frequency 2

Deactivated SCell 

measurements

F2 is activated

Deactivated SCell 

measurements

Measurements similar to 

deactivated SCell measurements

Rel-10

Proposal 

in Rel-11

Intra-freq.

Macro cell

Pico cell

Intra-freq.


Figure 2 – Proposed pico cell measurements for CA deployment scenario #4.
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