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1 Introduction 
In Hetnets, many small cells such as pico cells could be deployed with the overlaid macro cells. The pico cells could share the same carrier with the macro cell or use the different carriers. UE power consumption will be a concern if the UEs have to exhaustively searching for the pico cells especially when the pico cells using the carrier frequency different from that of the macro cells. Further, due to the aggressive range expansion techniques, the interference will become a significant barrier for reliably detection/identification of the surrounding pico cells, e.g, the reliable detection of the PSS/SSS/MIB. Therefore, it is desirable to develop more efficient methods for UE to discover the small cells in Hetnets considering both the interference concerns and the battery power saving. To progress the relevant work, at the RAN#51 plenary meeting, a new study item “HetNet Mobility Improvements for LTE” was approved [1]. One of the objectives of this SI is: Identify and evaluate strategies for improved small cell discovery/identification.
2 Discussion 
Pico Cell Disovery  

To efficiently apply the time domain eICIC techniques, i.e., ABS scheme, it is important that the macro cell and the pico cells within its coverage should be time aligned on the subframe level. Otherwise the interference avoidance via the ABS subframe cannot be effectively implemented (see Figure 1A and 1B). 


Figure 1A: Macro cell and pico cell are time aligned in the subframe level
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Figure 1B: Macro cell and pico cell are not time aligned in the subframe level
In figure 1A, the macro cell and the pico cell are time aligned on the subframe level. The pico cell could safely schedule the UEs in the range expansion area in the green subframes. These subframes are protected from the dominant interference from the macro cell since the macro cell mutes its transmissions in these subframes. In figure 1B, the macro cell and the pico cells are not time aligned on the subframe level. In the “red” subframe which originally is protected from the dominant interference from the macro cell, there still exists partial dominant interference from the macro cell. Therefore, the “red” subframe cannot be used for the UEs in the range expansion area for the pico cell. This can be seen as the resource waste since the macro cell intends to mute the transmissions in 4 subframes but the pico cell can only be benefited from 3 subframes due to the subframe misalignment.

Further, note that in figure 1A, the macro cell and the pico cell are not necessarily aligned on the radio frame level, i.e., there could be integer number of subframe offset between the start of the radio frames from the macro cell and the pico cell.  We assume that the macro cell and the pico cell are aligned on the subframe level but with n subframe offset between the start of the radio frames. Note that n=0 is a common figuration for LTE TDD system and also a likely configuration for the LTE FDD system.    
An important issue for the small cell discovery is that when the UE is in the range expansion area, if n=0, then the UE could not reliably detect the PSS/SSS/MIB information due to the dominant interference from the macro cell. Note that even in the ABS subframes, the macro cell should continue to transmit the PSS/SSS/MIB for backward compatibility purpose. If subframe offset is utilized between the macro cell and the pico cell, then the interference on the PSS/SSS/MIB can be avoided for the UEs in the range expansion area of the pico cells. However, as indicated earlier, n=0 is a common figuration for LTE TDD system and also a likely configuration for the LTE FDD system.  Therefore, efficient small cell discovery scheme should be investigated when n=0.  
UE Direct Measuement 
One of the important/difficult issues for the Pico cell discovery is the measurements of the surrounding Pico cells. In a highly interfered environment (aggressive range expansion bias), the UE may not be able to detect the PSS/SSS/MIB of the pico cells, which is traditionally the first step for the UE to perform the RSRP/RSRQ measurement. If we can assume the pico cell and the macro cell is subframe level aligned (not necessarily radio frame level aligned), which is a reasonable assumption in the eICIC scenario, then efficient direct measurements of the surrounding pico cells in this hostile interference environments could be investigated.   

If the UE is aware that n=0, PCI of the pico cell and the CP type (normal CP or the extended CP), the UE could directly measure the RSRP/RSRQ of the pico cell without first detecting the PSS/SSS. Since the UE is aware of the subframe alignment, the UE could directly apply the PCI information and the CP type information for the RSRP/RSRQ measurements. When n~=0, the UE could also direct measure the RSRQ/RSRP. However, in this case, since the PSS/SSS interference issue is much relieved, the UE may choose to perform the traditional PSS/SSS/PCI detection (in this case, the direct measurement may still save UE’s battery power if applied). By the direct measurements, the UE could discover/identify the pico cells more efficiently.      
 When the UE is in idle mode, the UE may still need additional information of the pico cells’ MIB for camping purpose (dominant interference also exists on the MIB of the pico cell when n=0). Currently the MIB includes the following information

MasterInformationBlock
-- ASN1START

MasterInformationBlock ::=


SEQUENCE {


dl-Bandwidth





ENUMERATED {












n6, n15, n25, n50, n75, n100},


phich-Config





PHICH-Config,


systemFrameNumber




BIT STRING (SIZE (8)),


spare







BIT STRING (SIZE (10))

}

-- ASN1STOP

If the UE can be further signalled with the dl-Bandwidth, phich-Config and the systemFrameNumber information, the UE could directly measure the RSRP/RSRQ of the pico cell and camp on the pico cell successfully. By this way, the UE does not need to detect the PSS/SSS/MIB information which suffers significant interferences in a highly interfered environment (aggressive range expansion bias). 
Proposal: RAN2 should consider signal additional information of the pico cell to the UE, e.g., PCI, CP-type and subframe offset, to assist the UE to detect/identify the pico cell more efficiently in a highly interfered environment. 
Note that in general, it is not power efficient for the UE to monitor/search the pico cells all the time, especially for the inter-frequency case. UE may have to continuously measure RSRQ/RSRP on all the neighbouring frequencies and for all the possible Pico Cell IDs. As in the above proposal, if the eNB can provide some additional information such as the cell IDs of the pico cells, the UE could perform the pico cell searching procedure more efficiently even without considering the hostile interference issues.  Through this way, whenever the UE camps on the cell, it is aware of the pico cells around and could perform the small cell searching procedure only for the pico cells within the list. If the location information can be further provided to the UE and the UE has the positioning capability, the UE could determine when to start the RSRP/RSRQ measurements of the small cells and this could result in more saving of UE battery power consumption.
3 Conclusion  
In this paper, to efficiently discover the small cell in a highly interfered environment and to save UE’s battery power, we have the following proposal: 

Proposal: RAN2 should consider signal additional information of the pico cell to the UE, e.g., PCI, CP-type and subframe offset, to assist the UE to detect/identify the pico cell more efficiently in a highly interfered environment. 
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