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1 Introduction
Study item on small cell physical layer aspect has been approved in RAN #58. Relevant scenarios and requirements are discussed [1]. In order to ensure efficient operation of a small cell layer, we propose flexible cell range (FCR). FCR is consisted from following.

-
Cell range expansion in power (noise) limited operation

-
Cell range expansion in interference limited operation

-
Cell range shrinking (including zero) 

Cell range expansion has been discussed in the interference limited condition in the context of eICIC/feICIC. Cell range expansion in interference limited condition is realized by stopping and/or reducing the transmission power of the neighbour cells. We propose cell range expansion also in power (noise) limited condition. Cell range expansion in power limited condition is realized by to increase power spectrum density but the assumption is the total transmission power of small cell is constant. In order to keep the total transmission power of small cell constant, the transmission bandwidth, transmission time period and/or beam direction are dynamically and/or semi-statically adjusted. Cell range shrinking is used for the counter part of cell range expansion in interference limited operation and/or cell DTX for the network energy efficiency. It is also used for TDD dynamic DL-UL interference management and traffic adaptation. 
In addition, in order to realize FCR or other efficient operation, we propose to study discovery signal. 
2 Discussion
FCR (flexible cell range)

We propose flexible cell range (FCR). FCR is consisted from 
-
Cell range expansion in power (noise) limited operation

-
Cell range expansion in interference limited operation

-
Cell range shrinking (including cell DTX) 

The amount of cell range expansion/shrinking is dynamic within the limited range thanks to DMRS based PDSCH but the RLM and RRM including the mobility needs further discussion.
The merit of cell range expansion in power (noise) limited operation is following. 
1) Small cells could be deployed in 3.5GHz or higher frequencies. In these frequencies, the path loss is larger than traditional frequencies like 2GHz. Therefore, even with the same transmission power of small eNB, to extend the coverage is quite important to obtain small cell gain. 
2)  Small cell could be deployed in sparse deployment like suburban area and/or residential area, where only some points could be hot spot. In these deployments, to expand the coverage of small cell is quite useful to obtain small cell gain.
3) MTC could be located in basements or other large penetration loss situation. To serve MTC by small cells could be useful. These are power limited operation.
4) In order to reduce the component cost of small cells, to use terminal's RF/PA component could have the economics of the scale gain. The reduction of the cost of a small cell is important to have the scalability to the number of the small cell. In order to reuse them, the maximum transmission power of the small cell reusing UE component would be limited to 23 dBm or potentially lower.  Even such small transmission power of small cell, if range is expanded, the more small cell gain can be obtained.
The cell range expansion in power limited operation could be realized by A) to increase the power spectrum density (PSD) by reducing the transmitting bandwidth, B) to increase the repetition in time domain and/or C) spatial beam forming. A) is illustrated in Figure 1 
Note that A) is already realized in uplink but not adopted in downlink in backward compatible carrier because of constant transmission power of CRS. B) is similar with the discussion in LTE coverage enhancement study item [2] but their focus is in uplink. C) may need more smart antenna system support. We propose to support these techniques for cell range expansion in power limited operation.
In annex, we evaluated the difference between 2GHz/30dBm and 3.5GHz/23dBm. Reception signal power in 3.5GHz/23dBm is roughly 10dB degreased compared to that in 2GHz/30dBm. Therefore, 3.5GHz/23dBm is more likely to be power limited condition. On the other hand, the condition with the non co-channel deployment where no macro interference, under the assumption of ISD=500ms and outdoor UE, is interference limited condition according to the SINR distribution. Power limited condition could be larger ISD case, more penetration loss case like MTC device cases and/or indoor UE cases.
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Figure 1 Increased PSD with reduced bandwidth to do cell range expansion

The merit of cell range expansion in interference limited operation is well realized in (f)eICIC i.e. by expanding the coverage of small cell (LPN), even more off-loading of the macro traffic to the small cells are possible even with the large power difference between nodes. The higher 50% UE's throughput can be obtained when the cell split position is aligned with the cell traffic load. In non co-channel deployment between macro and small cells, there is no interference from macro. Therefore, the ICIC relations are mainly among small cells. The behaviour of Cell range expansion is illustrated in Annex B. To utilize NCT and CSI-RS has not been discussed so much in (f)eICIC context. We propose such type of the operation is also supported in small cell study.
The merit of cell range shrinking (including cell DTX) is 1) improvement of corresponding neighbour cell operation to cell range expansion in interference limited operation and/or 2) the network power reduction. NCT does not have CRS and is not backward compatible. Therefore, more aggressive/smooth ways of the range shrinking are possible by utilizing NCT. 
By exchanging traffic load information among small cells and potentially some other network entities, the amount of cell range can be adjusted. The adaptation speed of cell range is ideally dynamic to adjust traffic load, but semi-static approach is also possible as a more realistic approach. Further discussion on this topic is necessary. 
Note that even the term "cell" is used here for FCR, there could be no grouping of UEs as defined by the UEs who receive the same MIB/SIBs. For example, virtual cell covered by one TP/RP as in CoMP scenario 4 is also possible. Therefore, FCR is actually not to change the cell but just to change the boundary that splits the area of spatial resource sharing. 

Discovery signal 
The discovery signal should support cell detection under the condition with a deep penetration like geometry SINR= -30dB range in order to detect the cells (nodes) behind the 1st order of adjacent cells in the frequency reuse one and interference limited operation, as shown in Figure 2. When 1st order of adjacent cells are cell DTXed, UE needs to be prepared to be served by 2nd order of adjacent cells. The handover process in non-ideal backhaul takes some processing time. To detect/track/measure 2nd order of adjacent cells after cell DTX could be too late or too slow to the dynamics of cell DTX. Therefore, to track/measure/report 2nd order of adjacent cells even 1st order of adjacent cell is fully operated. In case of range expansion, to detect/track/measure/report weaker cells is important also. In case small cells are synchronized, the time to measure the discovery signals and UE power consumption can be reduced by overlapping the discovery signals from multiple nodes, especially long DRX case like SNS contents with semi-realtime update. In addition, the overlapping the discovery signals reduces the gap period for inter-frequency measurement. It also reduces the variation of the interferences as the load of the small cells varies quickly. In addition, the capability to cover deep penetration loss and very low SINR region is required for discovery signals. The similar capability is also required for D2D discovery signal if the time/frequency resource is reused among ProSe UEs [4]. 
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Figure 2 the detection to the cells behind the adjacent cells
3 Summary
We proposed to study FCR(flexible cell range) and discovery signal. FCR is to increase the cell range in both power and interference limited operation and to reduce the cell range including cell DTX. In order to support FCR and other usage, we also propose to study discovery signal.
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Annex A
This annex shows evaluation results to compare SINR/SNR distributions among 2GHz with 30dBm Tx power of small cell and 3.5GHz with 23dBm Tx power of small cell. The simulation condition is described in Table 1. Both co-channel deployment (denoted as “Macro + 4 small cells” in the figure) and non co-channel deployment (denoted as “4 small cells” in the figure) are evaluated.  In case of non co-channel deployment, reception signal power “S” of  3.5GHz with 23dBm is degraded roughly by 10dB  compared to that of 2GHz with 30dBm as shown in Figure 3 (SNR). 
On the other hand, SINR of 3.5GHz with 23dBm is degraded only by 1-4dB compared to that of 2GHz with 30dBm as shown in Figure 4(SINR) since interference is also decreased. In addition, SINR of 30dBm and 23dBm are overlapped in each carrier frequency in the non co-channel deployment where no macro interference. Therefore we observe that ISD=500ms in 3.5GHz with 23dBm is interference limited condition in outdoor assumption. Power limited condition could be more penetration loss case like MTC device with low Tx power, indoor or larger ISD cases.
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Figure 3  SNR CDF for all UE
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Figure 4  Geometry(SINR) CDF for all UE
Table 1  Simulation Assumptions

	Simulation parameters
	Value

	Deployment scenarios
	Heterogeneous network

19 cell sites- 57 macro cells (ISD: 500m)

4 small cells per macro cell area

25 UEs per macro cell area(configuration 1), all outdoor UEs

	Channel model
	ITU UMa for macro node and ITU UMi for small cell node

	Carrier frequency
	2.0 GHz for macro cell

2.0, 3.5 GHz for small cell

	System bandwidth
	10 MHz 

	Tx power
	46dBm for macro cell

23, 30dBm for small cell


Annex B 
Offload gain of Cell range expansion in interference limited operation is illustrated in this annex. 
Figure A is the case of heterogeneous deployment, in which one can see large power difference between macro and small cell in co-channel deployment. Because of the power difference between macro and small cell, the cell size of macro and a small cell is different. If UE distribution is equal, the load of macro is higher than the one of small cell. In this illustration of Figure A, macro cell resource is shared by 8 UEs and small cell resource is shared by 2 UEs.
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Figure A Heterogeneous deployment without range expansion
Figure B is the case of range expansion in co-channel heterogeneous deployment with range expansion. By expanding the small cell size, the load of macro is transferred to the small cell. In this illustration, macro cell resource is shared by 7 UEs and small cell resource is shared by 3 UEs. Therefore, 50% UE throughput can be improved compared with Figure A case thanks more equal load among cells. 
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Figure B Heterogeneous deployment with range expansion
In case of non co-channel deployment with equal UE distribution, there would not be the gain of cell range expansion because both small cells are equally loaded as illustrated in Figure C
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Figure C Non co -channel deployment without range expansion
On the other hand, if UE distribution is crowded in small cell A like Figure D, cell range expansion would have some gain to reduce the load of cell A. In Figure D, no range expansion case is small cell A serves 7 UEs and small cell B serves 3 UEs. Therefore, average throughput of UEs connected to small cell A is low. Small cell B's cell size is increased by cell range expansion. Then the load of small cell A and small cell B are equalized. Then 50% UE throughput can be improved. 
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Figure D Non co-channel deployment with range expansion in unequal UE distribution
Ideally, small cell should be located to the position to align with long-term averaged traffic load. In reality, such ideal position is often difficult or impossible from aesthetic reason, cost reason, no agreement with the owner of the place/location and so on. The ideal small cell position is only from long-term averaged. The traffic load varies time to time. To change small cell physical location based on traffic variation is impossible. Figure D type operations are useful to combat with these difficulties of ideal small cell location and short term traffic variations.
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