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1 Introduction
In the meeting of RAN#61, the technical report including efficient discovery of small cells was approved [1]. The text contains the performance evaluations of legacy synchronization signal (PSS/SSS/CRS) based scheme and potential enhanced schemes based on existing reference signals (CSI-RS and PRS) under small cell scenarios. Status report (SR) of small cell enhancements [2] was also approved later in RAN#61 meeting and the following direction regarding small cell discovery enhancements was agreed:
· Efficient small cell discovery procedures with supporting small cell on/off in single-carrier or multi-carrier operation within a short time period, by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS
In this contribution, we provide analysis and comparison of the potential schemes for discovery enhancement and propose way forward.  
2 Necessity of discovery enhancement  
As analyzed in [3], harsher interference conditions may pose challenges to UEs for cell detection and meeting RRM requirements with existing synchronization signals. In addition, new techniques potentially introduced for interference avoidance and coordination in small cell deployments may impose more stringent requirements in terms of detection SINR and detection time. The discovery performances of legacy scheme (PSS/SSS/CRS) with restricted detection time in small cell scenarios are summarized in [1]: 
· For the 1st best RSRP small cell, at least, almost all UEs within a cluster area can detect the best RSRP small cell by using 8 PSS/SSS samples.
· The detection probabilities can be improved to a certain extent as the number of measurement samples for PSS/SSS increases. 
The general consensus of the results shows that UE is able to detect the first strongest small cell while the reliable discovery for the second and third strongest small cells in the cluster poses significant challenges on the legacy scheme. The actual evaluation results show that the detection probabilities for the second and third strongest small cells are well below 90%. As discussed in our companion paper [4], for efficient small cell operations, a UE is required to reliably detect at least three strongest small cells. Obviously this design target cannot be met with the legacy scheme and some kind of discovery enhancement seems necessary. 

Proposal 1: Discovery enhancement is necessary for efficient discovery of small cells   
3 Techniques for discovery enhancement
To combat the severe interference and improve the discovery performance, the potential discovery enhancement techniques can be classified into two categories: 

1. Receiver based interference mitigation scheme
· UE employs synchronization signal cancellation technique to mitigate the strong interference and facilitate the discovery of weaker small cells with improved SINR
2. Transmitter based interference avoidance scheme 

· eNb transmits orthogonal discovery signal combined with RE muting to improve the UE received SINR of the weaker small cells  
In the first technique category, the enhancement mainly focuses on UE receiver algorithm enhancement without any or much change from the transmission side. On the contrary, transmitter plays the major role in enhancing the UE detection probability in the second category of schemes. In this following, we will discuss in detail the pros and cons of these enhancement techniques.  
3.1 Receiver based interference mitigation scheme
Receiver based interference mitigation techniques, such as synchronization signal (SS) interference cancellation (IC) can be employed to improve the weaker cell SINR by removing the stronger interference signal already detected by UE. The improved SS IC performance requirements have been standardized in RAN4 specification for the target scenario of feICIC [5]. The performance simulation results show that cell detection performance of the weaker cell can be significantly improved. However under small cell deployment scenario, the UE experienced interference condition could be much different from the interference condition of feICIC, e.g. geometry and the number of dominant interference cells. Also in RAN4 performance specification of cell identification, UE is required to detect the target cell within a certain period of time, e.g. 1000 ms [5]. But in small cell deployment, to support efficient on/off operations, a UE may need to perform cell detection under much tighter detection time restriction. All of the above differences should be taken into consideration when evaluating whether SS IC alone is a sufficient enhancement technique for small cell discovery. The pros and cons of SS IC based receiver interference technique are list as follows:

Pros
· Requiring little network coordination and assistance, e.g. no timing synchronization among deployed small cells
· Having minimum specification impacts, e.g. new RAN4 SS IC and RRM measurement performance requirement under certain small cell interference conditions
Cons

· Insufficient number of detectable small cells. The text proposal [1] lists the observations based on evaluation results: 
· The detection probabilities for the 2nd and 3rd best RSRP small cells can be improved significantly.
· For the 3rd best RSRP small cell, some results (Sources 1 and 2) show that the detection probability is significantly lower than those for the 1st and 2nd best RSRP small cells especially the case of using only 1 PSS/SSS measurement sample; another result (Source 4) shows that the detection probability is virtually the same as for the 1st and 2nd best RSRP cell
Observations indicate that although the detection performance of the third best RSRP small cell can be improved significantly, it still lacks the detecting reliability as with the first and second best RSRP small cells. This conclusion could be verified by observing that the detection probabilities of the third best RSRP small cell are below 90% with various detection samples from majority of company evaluating results.  If the minimum requirement is set to reliably detect the top three best RSRP small cells as discussed in our companion paper [4], obviously SS IC enhancement technique alone cannot meet the requirement
· Insufficient IC performance in some small cell scenarios. As an example, in some high density small cell deployment, UE may observe several small cells of similar received power level, in this case IC performance may be compromised since it is challenging to accurately estimate and reconstruct the interference signal for cancellation. In another example of small cell on/off operation, the inactive small cell may only transmit synchronization signal for reducing generated interference from other channels. In this case UE has to rely completely on the SS for interference signal channel estimation instead of relying on CRS which provides better interference averaging. Since channel estimation plays a crucial role in the performance of IC receiver, the inferior channel estimation for the inactive small cell may result in degraded SS IC performance.
· Insufficient RRM measurement performance. As in the case of small cell on/off operation, inactive small cell may only transmit SS with very low duty cycles. In addition to being able to detect the dormant small cell, UE may need to perform certain RRM measurement, e.g. RSRP, to help network make activation decision for the dormant small cell. But the narrow band and low time domain density nature of SS may cause a large bias and variance of SS-based RRM measurement, which is undesirable for small cell on/off operations

· Not a future-proof scheme: UE cell detection implementation complexity and power consumption are proportional to the minimum number of small cells to cancel which would be specified in the performance requirement. In future super-dense small cell deployment, the increase in minimum number of small cells for cancellation would require new rounds of performance evaluation, requirement specification and UE hardware design. In even worse case, the SS IC enhancement scheme alone may not be sufficient to meet the increased performance requirement.
Taking all these pros and cons into account and targeting enhancement scheme of future-proof with sufficient detection performance, it seems that the SS IC based enhancement technique alone is not sufficient to meet the small cell challenging scenario and future requirements.   
Proposal 2: SS IC technique alone is not sufficient for small cell discovery enhancement
3.2 Transmitter based interference avoidance scheme
In this category of enhancement schemes, the main idea to combat the harsh interference conditions and guarantee satisfactory performance is to make the discovery signals orthogonal to each other and free of data interference. The orthogonality can be achieved in time, frequency, code domains or their various combinations. The increased UE received SINR translates to better detection performance. The amount of SINR improvement generally depends on the available orthogonal degrees of freedom for transmitting the discovery signals from neighboring small cells. The more the orthogonal degrees of freedom, the larger the detection performance gain is. Network synchronization and assistance are typically considered as essential to achieving the orthogonal transmission while minimizing the UE blind detection. In the case of supporting efficient small cell on/off operation, RRM measurement accuracy based on discovery signal should be one of the goals for potential enhancement schemes. The burst nature of the transmission of discovery signal from inactive small cell suggests that the signal should have high time and frequency density for improving RRM measurement performance. Several candidate schemes could be considered:

· CSI-RS
Orthogonal signals like CSI-RS can be readily used since this signal is already defined in the standard. Several neighboring small cells could be coordinated by configuring orthogonal CSI-RS resources for UE to perform cell detection. Muting is also applied at these configured CSI-RS resources to exclude data interference. The residual interference only comes from small cells outside of the coordinating set. Depending on the number of small cells participating in the cooperation, different orthogonal levels can be achieved. One drawback of this scheme is that in super dense deployment of small cells, the network may be running out of orthogonal CSI-RS configurations. UE at the coordinating set edge still suffer severe interference coming from neighboring cells not belonging to the set. Some further ICIC or IC schemes could be applied to mitigate the interference in this case. The sparse nature of CSI-RS along time and frequency has negative impact on RRM measurement accuracy offsetting some of its positive natures, e.g. wideband and higher SINR operating point. So further check is necessary for CSI-RS based RRM measurement performance.  
· PRS
Utilizing PRS as discovery signal is also readily available from standard point of view. There are 6 orthogonal PRS signals to choose from for a coordinating small cell set. PRS signal also has high density along the time and frequency within the transmission burst which is beneficial for RRM measurement. The major con of PRS used for discovery is its relatively small number of orthogonal signals. In super dense deployment, the overlap of PRS signal could limit the SINR improvement and hence the detection performance. Further enhancements, e.g. increasing the orthogonal signal by cyclic shift and combined with IC, could be investigated in future work. Another drawback of PRS is that handling of collisions between PRS and CSI-RS have not been entirely specified, thus it is challenging to deploy PRS in a network that also requires CSI-RS.
·  New discovery signal design
As an example, the design to achieve code domain orthogonality of discovery signal is through applying cyclic shift on the same discovery sequence as in the design of SRS. Some special OFDM symbols could be dedicated to discovery signal burst transmission. Because of its high density in the frequency domain, better detection performance and RRM measurement could be expected. The sharing of the same base sequence by several small cells may also bring in the benefit of simpler UE implementation by employing just one FFT/IFFT operation within the set of small cells sharing the same base sequence for detection, channel estimation and RRM measurement. In the case that several strong interfering cells occupy different cyclic shifts and their OFDM symbol overlaps with the target cells, UE could perform effective interference cancellation by canceling the aggregated frequency domain interference signal. While it is essentially a new signal design, large amount of standard efforts will be involved.
Simulation evaluation for potential CSI-RS and PRS based enhancement schemes were provided by some companies and also included in the TR [1]. The observations made in the text proposal are repeated below:

· The detection probabilities for top three small cells can be improved significantly even if only 1 measurement sample is applied for the small cell discovery.
· The muting mechanism such as ZP-CSI-RS can provide significant performance improvement, when the appropriate muting pattern is assigned to small cells within the same cluster  
The evaluation results indicate that the CSI-RS and PRS based enhancement schemes show very promising performance gains. In fact, the detection probability for the third best RSRP small cell is above 90% as observed from most of the companies’ results. So we propose to focus the discovery enhancement work on the transmitter based interference avoidance schemes.

 Proposal 3: Focus small cell discovery enhancement work on the transmitter based interference avoidance schemes
4 Conclusions
In this contribution, we provide analysis and comparison of the potential schemes for discovery enhancement and propose way forward. The following summarizes our proposals,

Proposal 1: Discovery enhancement is necessary for efficient discovery of small cells
Proposal 2: SS IC technique alone is not sufficient for small cell discovery enhancement

Proposal 3: Focus small cell discovery enhancement work on the transmitter based interference avoidance schemes

References 

[1] 3GPP TR 36.872 V12.0.0 (2013-09), “Small cell enhancements for E-UTRA and E-UTRAN - Physical layer aspects (Release 12)”.
[2] RP-131373
, “Status report for SI Study on Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects”, Huawei, RAN1 #74

[3] R1-130895, “Efficient discovery of small cells and the configurations”, Huawei, HiSilicon, RAN1#72bis.
[4] R1-134062, “Design target for discovery enhancement”, Huawei, HiSilicon, RAN1#74bis.
[5] 3GPP TS 36.133-b20.






