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1. Introduction
At the RAN1 #67 meeting, the following design target was 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.
In addition, several motivations for using the additional carrier types have been indentified thus far in [1] – [7]. In this contribution, we first present our views on these motivations. Considering the motivations to which we give higher priority, we further investigate the above carrier aggregation (CA) scenarios in order to clarify the requirements for designing a downlink (DL) signal transmission scheme. In addition, we look into candidate DL signals that are to be supported for the new carrier types from the viewpoint of synchronization/tracking and mobility/measurement. 
2. Summary of Motivations for Additional Carrier Types

In the previous RAN1 meetings, several motivations to introduce additional carrier types were discussed. These are summarized hereafter along with advantages and disadvantages.
Motivation 1: Flexible bandwidth utilization by defining new bandwidth (BW) [5] – [7]
· Pros: Flexible bandwidth utilization is possible, especially when a bandwidth other than that defined in Rels-8/9/10 LTE is available to operators.
· Cons: Fragmentation problems in specifying multiple new bandwidths must be addressed. There are significant impacts on RAN4 work.
Motivation 2: Interference avoidance, energy efficiency, and reduction in cell planning efforts by not transmitting the PDCCH and cell-specific reference signal (CRS) [1] – [3]

· Pros: Interference from the PDCCH and CRS are mitigated in heterogeneous network (HetNet) scenarios. In such scenarios, energy is conserved at small eNodeBs by flexibly supporting blank subframes. Furthermore, reduction in cell planning efforts would be possible by removing cell-specific signals.
· Cons: Accuracy of synchronization and measurement is degraded because CRSs are eliminated or the number of CRSs is reduced. Also, a new requirement for measurement must be specified using other DL signals.
Motivation 3: Improvement in spectrum efficiency by reducing signaling overhead
· Pros: Improvement in spectrum efficiency of up to 12% is expected compared to 1 OFDM symbol PDCCH and 1 antenna port CRS. 

· Cons: The same disadvantage is observed as that for motivation 2. 

Regarding motivation 1, we do not see the necessity for creating a new bandwidth at this stage. On the other hand, we consider that the motivation 2 is important from the viewpoint of Rel-11 operation. One of the main target scenarios for further enhancement of CA in Rel-11 is a HetNet deployment scenario using low-power remote radio heads (RRHs) that create small cells. One usage case for an 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 CRS and the PDCCH. Such a blank subframe or radio resource features without CRS and PDCCH transmissions are beneficial in reducing inter-cell interference in dense local area deployments with fractional traffic loads and in achieving energy efficient operation in small cells. Furthermore, reduction in cell planning efforts is a very important issue in such HetNet deployments and should be carefully investigated when designing additional carrier types. With regard to motivation 3, we consider this as an additional advantage to motivation 2. 
Observation 1: Design for additional carrier types is mainly motivated by interference avoidance, energy efficiency, and reduction in cell planning efforts by not transmitting the PDCCH and CRS. 
Proposal 1: Blank radio resource functionality without CRS and PDCCH transmissions should be supported for additional carrier types.
3. CA Scenarios and Requirements
Considering observation 1, we clarify beneficial CA scenarios for additional carrier types and the corresponding requirements for measurement. 

The CA deployment scenarios are summarized in [8] and are given in Table I. Taking into account the motivation and observation made in Section 2, CA scenario #4 is the major driving force for introducing an additional carrier type among all the CA scenarios. Motivation for CA scenario #4 also includes enhanced cell identification for UE power saving [1]. Considering that additional carrier types will be deployed in small and dense cell areas, low mobility is generally assumed. Basic mobility can be supported by a legacy carrier type when assuming CA for legacy and additional carrier types. In this case, the performance requirements related to mobility for inter-frequency measurement could be relaxed [1]. Meanwhile, reduction in cell planning efforts for CA scenario #4 is a very important issue from the operator perspective, and should be carefully investigated when designing additional carrier types.
Observation 2: In CA scenario #4, if low mobility is assumed in HetNets and an additional carrier type is used in small cells, the performance requirements related to mobility for inter-frequency measurement could be relaxed.
Observation 3: Assuming CA scenario #4, reduction in cell planning efforts should be considered.
On the other hand, there does not seem to be strong motivation to apply an additional carrier type in CA scenarios #1/2/3 and should not be the main targets when designing additional carrier types. We also note that measurement is performed for a backward compatible carrier that has an additional carrier type in these scenarios. When measurement is necessary for the secondary cell (SCell), the backward compatible carrier can be used instead of an additional carrier type. 
Observation 4: Design for an additional carrier type is not necessarily optimized for CA scenarios #1/2/3.
Proposal 2: Design for an additional carrier type should be optimized for low mobility CA scenario #4 and reduction in cell planning efforts should be considered.
Table I – CA Scenarios
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4. DL Signals for Additional Carrier Types

There are several options regarding the DL signals that are to be supported for the additional carrier type [9] – [15]. The following options are considered.
· Option 1: PSS/SSS and CSI/RS [10] – [12]
· Option 2: PSS/SSS and 1 antenna port CRS [13] – [15]
· Option 3: PSS/SSS and reduced CRS, e.g., CRS only on 6 PRBs [13] – [15]
· Option 4: Discovery signal and CSI-RS [1]

Table II summarizes each option from the view point of synchronization/tracking, mobility/measurement, and cell planning efforts for HetNet deployments. Considering the motivation discussed in Section 2, i.e., observation 1, it is desirable not to transmit the CRS for a new carrier type. Also, according to observation 2 in Section 3, performance requirements related to mobility for inter-frequency measurement in CA scenario #4 could be newly defined in order to relax the requirements. Therefore, our preference is option 1 or 4. Regarding observation 3 for cell planning efforts, options 1-3 must reuse the 504 cell IDs and there is a potential issue regarding cell planning efforts with 3 PSS sequences. In option 4, cell-planning functionality can be enhanced in Rel-11 according to the new definition for a discovery signal [1]. As a consequence, we have a preference for option 4 as the DL signals for an additional carrier type although new specification for the discovery signal is necessary. 
Proposal 3: We have a preference toward using a set of the discovery signal and CSI-RS as the DL signals for an additional carrier type although new specification for the discovery signal is necessary.

Table II – Candidate DL Signals for Additional Carrier Type
	
	Option 1

PSS/SSS + CSI-RS
	Option 2

PSS/SSS + 1 antenna port CRS
	Option 3

PSS/SSS + reduced CRS
	Option 4

Discovery signal + CSI-RS

	Synchronization
	Comparable with CRS [10].
	Same as legacy carrier.
	Depends on density of reduced CRS.

Further investigation is needed.
	Discovery signal may replace PSS/SSS. 

FFS for tracking using CSI-RS

	Measurement
	New requirement is necessary.
	Same as legacy carrier.
	Same as legacy carrier.
	New requirement is necessary.

	Cell planning for HetNet
	504 cell IDs for PSS/SSS.
Potential issue for PSS with 3 sequence reuse.
	504 cell IDs for PSS/SSS and CRS.
Potential issue for PSS with 3 sequence reuse.
	504 cell IDs for PSS/SSS and CRS.
Potential issue for PSS with 3 sequence reuse.
	Can be enhanced in Rel-11 specification.

	Note
	FFS whether the above points are ensured for all the values of CSI-RS periodicity, e.g., 80 msec.
	Merits of interference avoidance and energy efficiency are not fully achieved.
	Merits of interference avoidance and energy efficiency are not fully achieved.
	Specification impact is large.


5. Conclusion

In this contribution, we summarized the motivations and scenarios for additional carrier types and observed the following.
Observation 1: Design for an additional carrier type is mainly motivated by interference avoidance, energy efficiency, and reduction in cell planning efforts by not transmitting the PDCCH and CRS. 

Observation 2: In CA scenario #4, if low mobility is assumed in HetNets and an additional carrier type is used in small cells, the performance requirements related to mobility for inter-frequency measurement could be relaxed.

Observation 3: Assuming CA scenario #4, reduction in cell planning efforts should be considered.

Observation 4: Design for additional carrier types is not necessarily optimized for CA scenarios #1/2/3.
Based on these observations, our proposals are summarized below.

Proposal 1: Blank radio resource functionality without CRS and PDCCH transmissions should be supported for additional carrier types.
Proposal 2: Design for additional carrier types should be optimized for low mobility CA scenario #4 and reduction in cell planning efforts should be considered.
Proposal 3: We have a preference toward using a set of the discovery signal and CSI-RS as the DL signals for an additional carrier type although new specification for the discovery signal is necessary.
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