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1.  Introduction
A study item “Small Cell Enhancements – Physical-layer Aspects” was approved at RAN#58 [1]. The objective of this study is to identify potential enhancements to improve the spectrum efficiency as well as efficient small cell deployment and operation, to meet the requirements targeted for small cell enhancements in the identified scenarios in TR36.932 [2], and evaluate the corresponding gain, standardization impact and complexity. 
The study shall include:
· Mechanisms for efficient discovery of small cells and their configuration.

In RAN1 72bis meeting, the follows were agreed
· Begin by evaluating performance of legacy mechanism (i.e. PSS/SSS/CRS)

· If inadequacies are identified with the legacy mechanism, evaluate:

· first, approaches based on modified SS/RS

· second, approaches based on new discovery signal

In last RAN1 meeting, small cell discovery was discussed and evaluation on legacy PSS/SSS as well as new discovery signal was provided in many contributions [3]-[11].
In this contribution, we present our further views on small cell discovery and simulation results on legacy PSS/SSS are provided.
2. Motivation of small cell discovery enhancement

Reduced UE battery consumption
One of the most important requirements for efficient small cell discovery is that the UE battery consumption on that should be minimized. The UE battery consumption issue for inter-frequency measurements has been studied by RAN2 in the study item of “Mobility enhancements in HetNet”. As discussion in previous RAN1 meetings, design of discovery signal with low duty cycle is one potential way to reduce the UE battery consumption by decreasing the time that the UE is needed on cell search. In this case, it is assumed that the UE can obtain some prior knowledge of timing of discovery signal of small cells, e.g., with the aid of Macro cell. 
Network energy saving
Small cell DTX operation, e.g., small cell dormancy, was considered for network energy saving for small cell enhancements in Rel-12. To save network energy, it is beneficial to turn the small cell off, e.g., switching to dormant mode, when no UE is served by the cell. Both DL and UL methods were considered to realize the dormancy of small cell. For DL based method, small cell in the dormant mode only transmits discovery signal with long period to support UEs to detect the existence of the nearby small cells. For UL based method, small cell in dormant mode does not transmit anything, while it shall detect the UL transmission from the UE, e.g., PRACH.
Increased number of physical-layer cell ID (PCI)
In dense small cell deployment, with the maximum number of different physical-layer cell ID (PCI) in current LTE specification, i.e., 504, the PCI collision and confusion may become potential problems. Therefore, larger number of physical-layer cell ID (PCI) may be expected.
Interference coordination

With large number of small cells deployed, the inter-cell interference problem becomes more severe. For legacy discovery mechanism, since the location of PSS/SSS is fixed, i.e., central 6 PRBs, the interference between PSS/SSS from the adjacent small cells could be very high, which may affect the number of detectable small cells due to poor SINR. If modified PSS/SSS/CRS or new design of discovery signal can avoid using the same time-frequency resource for the adjacent small cells, the inter-cell interference can be reduced and the number of detectable small cells can be increased accordingly.
3. Views on small cell discovery enhancement
As discussed in last RAN1 meeting, it can be a starting point to evaluate whether there is any problem with the legacy mechanism (i.e. PSS/SSS/CRS). If inadequacies are identified with the legacy mechanism, modified SS/RS or new discovery signal can be considered for small cell discovery enhancement. In this section, we present our further views on small cell discovery enhancement.
Functionality of discovery signal
In the current discovery mechanism, PSS/SSS is used for cell search and PSS/SSS/CRS is used for cell tracking. Considering the motivations of UE battery saving and network energy saving discussed above, discovery signal with low duty cycle may be required. However, discovery signal (modified PSS/SSS or new discovery signal) with low duty cycle may be not sufficient for cell tracking. Furthermore, UE can obtain the information of duplex mode, i.e., FDD or TDD, and subframe timing from PSS/SSS. Whether such information should also be contained in the enhanced discovery signal or not should be investigated. Thus, the functionality of discovery signal should be studied.
Observations:
1)  The functionality of discovery signal should be studied.
Re-activation of small cell in dormant mode
Small cell dormancy was considered as the one of the important technologies for network energy saving and interference mitigation. Both DL and UL methods were considered to realize the dormancy of small cell.
For DL method, the small cell in dormant mode may not transmit any downlink signal except the discovery signal with long periodicity to inform UEs of the presence of small cells. After UE detects the discovery signal, it can assist the small cell in dormant mode to be re-activated. For example, UE can report to Macro cell its detection results and Macro cell can inform the small cell in dormant mode to be re-activated from dormant mode to active mode.
For UL method, the small cell in dormant mode does not transmit anything, while it shall detect the UL transmission from the UE, e.g., PRACH. The problem of UL method is that if there is no small cell nearby, UL transmission means wasting of battery consumption. In addition, some prior knowledge is needed for UE on whether UL transmission can be triggered.
Observations:

2)  Both DL and UL method can be considered to realize small cell dormancy.
Backward compatibility
For small cell in dormant mode with only discovery signal of long periodicity, legacy UE cannot recognize such discovery signal and therefore cannot detect the presence of small cell. An alternative option is UL based re-activation method discussed above. UL transmission from legacy UE, e.g., PRACH can be used to re-activate small cell in dormant mode, but the problem of battery consumption should be taken into account. In order to support legacy UE (Rel.8-Rel.11) to access small cell, PSS/SSS should be kept for small cell in active mode. In that sense, discovery signal (modified PSS/SSS or new discovery signal), if defined, and legacy PSS/SSS may coexist for small cell in active mode. 
Observations:

3)  Backward compatibility should be considered when designing discovery mechanism. 
4) Discovery signal (modified PSS/SSS or new discovery signal), if defined, and legacy PSS/SSS may coexist for small cell in active mode.
UE behavior

As discussed above, in order to keep backward compatibility, discovery signal (modified PSS/SSS or new discovery signal) and legacy PSS/SSS may coexist for small cell in active mode. Since legacy UE cannot recognize discovery signal, it shall only read PSS/SSS. While Rel-12 UE can recognize both discovery signal and legacy PSS/SSS, whether Rel-12 UE read only one of them or both of them needs to be investigated.
Observations:

5)  The UE behavior should be investigated when discovery signal and legacy PSS/SSS coexist for small cell in active mode. 
4. Simulation Results
The simulation results on legacy PSS/SSS for SCE scenario 2a are provided, and the detailed simulation methodology and assumptions are given in Annex.
Fig. 1 shows the number of detected small cells for 4 small cells per cluster in SCE scenario 2a. From the results, we can see that about 50% percentage of UEs are able to detect 3 small cells or more. Fig.2 shows the number of detected small cells for 10 small cells per cluster. It can be observed that the number of detected small cells is somehow increased but not significantly, i.e., nearly 50% percentage of UEs are able to detect 4 small cells or more.
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Fig.1 Detected number of small cells in case of 4 small cells per cluster
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Fig.2 Detected number of small cells in case of 10 small cells per cluster

Observations:

6) About 50% percentage of UEs are able to detect at least 3(4) small cells in case of 4(10) small cells per cluster. The number of detected small cells can be increased as the number of small cells per cluster is increased, but not significantly.
5. Conclusions

In this contribution, we discuss the motivations of small cell discovery, and present our further views on small cell discovery and some simulation results based on legacy PSS/SSS.
Observations:

1) The functionality of discovery signal should be studied.

2) Both DL and UL method can be considered to realize small cell dormancy.
3) Backward compatibility should be considered when designing discovery mechanism.
4) Discovery signal (modified PSS/SSS or new discovery signal), if defined, and legacy PSS/SSS may coexist for small cell in active mode.
5) The UE behavior should be investigated when discovery signal and legacy PSS/SSS coexist for small cell in active mode. 
6) About 50% percentage of UEs are able to detect at least 3(4) small cells in case of 4(10) small cells per cluster. The number of detected small cells can be increased as the number of small cells per cluster is increased, but not significantly.
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7. Annex. Simulation Methodology and Assumptions
Simulation methodology
· Step 1: In system simulation, for each UE associated with the small cell layers, the M strongest small cells’ RSRP values {RSRP1, RSRP2, …, RSRPM} are collected, as well as the sum of the rest small cells’ RSRPs and thermal noise denoted as RSRP0. The value of M is set to 10 in the simulations.

· Step 2: For each output comprising M+1 values {RSRP1, RSRP2, …, RSRPM, RSRP0} from Step 1, M PSS/SSS transmissions are explicitly modeled in link level simulation, where the relative power of the M PSS/SSS transmissions follow {RSRP1, RSRP2, …, RSRPM, RSRP0}. The M PSS/SSS sequences are randomly chosen, which aims to model small cell deployment without much cell planning efforts. 
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Step 3: PSS/SSS detection is performed based 4 radio frames. A cell is claimed as detected the cell’s SCH_RP is higher than -127dBm and SCH SINR>-6dB. 
where S is the average received signal power of the target cell, I is the sum of the average received interference power for M small cells excluding the target cell,  r is the average correlation between two synchronization signal sequences and N is the sum of the average received interference power for the rest small cells and thermal noise. 

Table I. Simulation assumptions
	
	Scenario #2a 

	
	Macro cell 
	Small cell 

	Layout 
	Hexagonal grid, 3 sectors per site, case 1
19 Macro sites 
	Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area 

	Number of clusters 
	1 

	Number of small cells per cluster 
	4 or 10 

	UE speed 
	3km/h 

	Channel Model
	EPA
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