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1. Introduction
At the RAN1 #66bis meeting, it was agreed that as a working assumption (WA) at least one new carrier type is introduced in Rel-11. In the WA, the following issues were identified and left for further study.
· Study further: 

· issues of synchronisation/tracking (including whether or not PSS/SSS are transmitted) and measurements/mobility

· resource allocation methods

· what RSs are required

In this contribution, in order to facilitate the resolution of issues regarding synchronization, measurement, and reference signal types, we further clarify the target scenarios and motivations for which the agreed additional carrier type is beneficial. We further look into other motivation in order to achieve efficient battery savings with the additional carrier type. 
2. Target Scenarios and Motivation for Additional Carrier Type
The issues regarding synchronization, measurement and reference signal types are highly dependent on carrier aggregation (CA) deployment scenarios. The candidate CA deployment scenarios include intra-band CA/inter-band CA scenarios and/or co-located transmission point/separated transmission point scenarios. In general, it is preferable to design an additional carrier type so that it can support all these CA deployment scenarios. From a network operator point of view, all the deployment scenarios are essential. Whatever CA scenarios are expected in the future, if possible, a single forward compatible additional carrier type is preferable in order to avoid fragmentation problems in specifying multiple additional carrier types in future releases. Therefore, the issues to be addressed by the additional carrier type must be carefully studied.
Proposal 1:

· To provide a unified solution in future releases, the issues to be addressed by the additional carrier type must be carefully studied considering future compatibility.
It is true that the additional carrier type should support all deployment scenarios as much as possible. Nevertheless, some restrictions could be taken into account in order to facilitate the resolution of issues concerning synchronization, measurement and reference signal types. For example, if we assume the same mobility performance as that for Rel-8 in a high speed scenario, the existing physical signal structure, i.e., PSS/SSS and CRS, must be the most appropriate. Therefore, it is beneficial to clarify further the target scenarios and motivations for which an additional carrier type is worth deploying. 

One of the main target scenarios for further enhancement of CA in Rel-11 could be a HetNet deployment scenario using low-power remote radio heads (RRHs) that create small cells. One usage case of the additional carrier type will be to deploy it in such small cell areas to facilitate inter-cell interference coordination (ICIC) between the macro-cell and small cells by applying “complete” blank subframes without transmitting a cell-specific reference signal (CRS) and the PDCCH [1]. Such a blank subframe or radio resource features without CRS and PDCCH transmissions are also beneficial in reducing inter-cell interference in dense local area deployments with fractional traffic loads and in achieving energy efficient operation in small cells. Therefore, such blank radio resource functionality should be flexibly supported in the additional carrier type. In such small cell areas, low mobility is generally assumed. Furthermore, basic mobility can be supported by legacy carrier type when assuming CA for legacy and additional carrier types. In that case, the physical signal structure (SS or RS) for the additional carrier type may be re-designed to be optimized for energy saving and low mobility scenarios.
Proposal 2:
· Blank radio resource functionality without CRS and PDCCH transmissions should be flexibly supported in the additional carrier type.
· Design for the additional carrier type should be optimized for energy savings and low mobility assuming complementary deployments with legacy carrier types. 
The motivations identified at the last meeting include enhanced spectral efficiency, improved support for HetNet, and energy efficiency (from a eNodeB transmitter aspect). In addition to these, there is another motivation which is to enhance (or simplify) mobility/measurement procedures optimized for HetNets. The requirements for inter-frequency cell search/ measurements in HetNet scenarios would be different from those for conventional inter-frequency cell search/ measurements used in homogeneous scenarios. Namely, the additional carrier type could be further optimized taking into account such issues for HetNet scenarios which are different from those for homogeneous scenarios. Below, issues regarding mobility enhancement for HetNet scenarios are described in detail.
3. Issues Regarding Mobility Enhancement for HetNet Scenarios
3.1
Inter-frequency Measurement Usage Cases
CA deployment scenario #4 can be considered as a HetNet deployment [2]. In this scenario, Macro cells provide continuous coverage over a wide geographical area. Pico cells served by RRHs provide hot spot coverage to cope with a large amount of traffic in a densely populated area. Both Macro and Pico cells can be served by multiple carriers. However, different carriers are used between Macro and Pico cells. Mobility is provided on carriers serving Macro cells. Namely, mobility between Macro and Pico cells is not required for CA operation. Pico-cells are utilized to serve SCells. To look for candidate SCells, a UE has to perform inter-frequency measurements for carriers on which Pico cells are served.

3.2
Issues Regarding Inter-frequency Pico-cell Measurements
For candidate SCell discovery, the following issues are envisaged.
Issue 1: UE power consumption

The UE may always have to perform inter-frequency measurements as illustrated in Fig.1, since the UE would not know when a pico cell is available. This is a different usage case than in homogeneous deployments where inter-frequency measurements are performed only when needed. Examples are inter-frequency handover at carrier boundaries (Case 1 in Fig.2) and load balancing handover between carriers (Case 2 in Fig.2). 

UE assistance information, e.g., proximity indication and location information [3, 4, 5], 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. Therefore, the following requirement should be taken into account:

Requirement 1:

UE power consumption for inter-frequency pico cell measurements in HetNet deployments should be minimized.
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Fig.1
Inter-frequency measurements in Hetnet deployments.
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Fig.2
Inter-frequency measurements in Homogeneous networks.

Issue 2: U-plane interruption on serving cells

To measure inter-frequency cells, the UE needs to be configured with measurement gaps. DL/ UL data transmission on the serving cell is interrupted by the measurement gap. This is another reason why inter-frequency measurements are performed only when needed. If the UE is always required to perform the gap assisted measurement to look for candidate SCells in HetNets, data throughput on the serving Macro cells will be considerably deteriorated. Therefore, the following should also be taken into account:

Requirement 2:

U-plane interruption on the Macro serving cells caused by inter-frequency pico cell measurements should be minimized.

Issue 3: Required measurement period

The required measurement period (TIdentify_Inter) is in proportion to the total number of frequencies being measured (Nfreq) as specified in [6]. If inter-frequency pico cells are measured together with inter-frequency macro cells, the measurement period will be increased due to the increase in the number of measured frequencies. A longer measurement period would degrade mobility performance served by Macro cell carriers. Therefore, the following should also be taken into account.
Requirement 3:

Mobility performance served by Macro cell carriers should not be degraded by measuring inter-frequency pico cells.

Issue 4: Maximum number of inter-frequencies that a UE is capable of measuring

For FDD, the UE is required to be capable of measuring up to three inter-frequencies at the same time (8.1.2.1.1.1 of [6]). If multiple carriers are available for both Macro and Pico cells and measurements are performed for both cells, the maximum number defined currently would not be sufficient. Therefore, the following should also be taken into account.
Requirement 4:

The UE should be able to measure a sufficient number of inter-frequencies in HetNet deployments.

3.3
Solutions to Issues

The potential solutions to the above requirements are provided in [7] from the RAN2 point of view. From the RAN 1 perspective, we can design physical channel structure for the additional carrier type to meet Requirement 1 above, that is, to minimize the UE power consumption for inter-frequency pico-cell measurements in HetNet deployments. However, since the CRS is basically removed from the additional carrier type and cannot be utilized for mobility measurements, another physical channel or new physical channel must be used for this purpose. Therefore, in this contribution, we present some design criteria if we design a new physical channel, which we refer to as the Physical Discovery Channel (PDCH), for Scell discovery in the additional carrier type.
· The periodicity of the PDCH for the additional carrier type can be relatively long, e.g., several seconds order, assuming relaxed measurement requirements for energy saving and low mobility assuming complementary deployments with a legacy carrier type.
· The amount of time/frequency radio resources for one-shot PDCH transmission should be sufficiently large, e.g., full use of a few subframes, to achieve very accurate SCell discovery since it is preferable that successful SCell discovery is achieved by one-shot PDCH reception from the UE battery consumption perspective.
Proposal 3

· Design of a new physical channel that is optimized to SCell discovery in an energy efficient manner for an additional carrier type should be considered.
4. Conclusion

In this contribution, we clarified useful target scenarios for the additional carrier type and investigated another motivation in order to achieve efficient battery saving with the additional carrier type. Our proposals are summarized below
Proposal 1:

· To provide a unified solution in future releases, the issues to be addressed by the additional carrier type must be carefully studied considering future compatibility.
Proposal 2:
· Blank radio resource functionality without CRS and PDCCH transmissions should be flexibly supported in the additional carrier type.
· Design for the additional carrier type should be optimized for energy savings and low mobility assuming complementary deployments with legacy carrier types. 
Proposal 3

· Design of a new physical channel that is optimized to SCell discovery in an energy efficient manner for an additional carrier type should be considered.
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