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[bookmark: _Ref301342314]Introduction
Studies on small cell discovery have been performed in RAN1 and the evaluation results and conclusions are summarized in [1]. In RAN#61, a few open issues have been identified for further study within Small cell Enhancement SI, and specifically for small cell discovery it was agreed to continue study on:
· 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 [2]
In this contribution, we provide further evaluation and discussion on efficient small cell discovery mechanisms for small cell on/off.
[bookmark: _Ref346118000]Discussion
In our companion paper [3] presented at RAN1#74, the performance of legacy cell discovery mechanism is shown to be sufficient even in hyper dense small cell scenarios with severe interference. A UE can detect a certain number of small cells with high probability. At RAN#61, it was decided to study semi-static small cell on/off for efficient operation. Consequently, it was agreed to study efficient small cell discovery to support cell on/off. Specifically, the aim is to study an efficient small cell discovery procedure to facilitate the detection of a small cell at the UE within a short time period in single-carrier or multi-carrier operation modes. 
Herein, we discuss potential enhancements for cell discovery from a semi-static small cell on/off perspective. 
Further enhancements for cell discovery
The current definition available in [2] of semi-static small cell on/off is not clear on how semi-static small cell on/off should operate. Further work on the definition of semi-static small cell on/off is ongoing in RAN1. According to the definition in [2], a small cell can be woken up by different network operational criteria, i.e. traffic load increase/decrease, UE arrival/departure (i.e. UE-cell association), and packet call arrival/completion. For the operation criteria with UE arrival/departure, there can be a need to have efficient cell discovery mechanism so that a cell can be detected within a short period. According to [2], the operational time for the semi-static small cell on/off can be from the order of hundreds of milliseconds down to a few tens of milliseconds. 
In the analysis in [4] it is shown that the small cell needs to be on for significant durations (without considering measurement time) to be able to handle both the transition of UEs from and to the small cell, when the cell is operating semi-static small cell on/off. In addition, it is shown in [4] that to support measurements, the cell needs to be on for significant durations also. Assuming that the final design should be backward compatible, we note that a cell needs always to be accessible by legacy UEs. Hence, it is not possible to change the cell detection procedure without introducing a non-backward compatible change. 
Observation:
· A cell that operates semi-static small cell on/off needs always to be accessible by cell discovery for a legacy UE in order to operate in a backward compatible manner
In section 2.1.2 we study schemes to improve cell detection performance but still remain backward compatible in the design. 
[bookmark: _Ref368062107]Enhancements on legacy cell discovery mechanism
The legacy cell discovery mechanism has been evaluated and it is summarized in [1] that high detection probability can be achieved for at least the strongest cell. In [3], we studied the performance of the top 3 cells in a synchronized network with UE PSS/SSS IC. With these enhancements, i.e., network synchronization/assistance and UE PSS/SSS IC, the probability of detecting the 2nd and 3rd strongest small cell is significantly improved with decreased detection time. 
According to the definition in [2], the semi-static small cell on/off design would be backward compatible. It was further stated that the design of semi-static small cell on/off should focus on connected mode UEs. UE PSS/SSS IC is an approach without a new standardized procedure, and can be achieved by defining new UE performance requirements. Note that this kind of PSS/SSS UE autonomous IC is not the same as the PSS/SSS IC considered in feICIC which relies on signalling support from the network. Network synchronization can minimize the search window at the UE thus effectively providing network assistance and detection performance can be improved with autonomousPSS/SSS IC, which is feasible for connected mode UEs. Therefore, both techniques should be considered as enhancements for efficient small cell discovery for small cell on/off.
[bookmark: _GoBack]In [3], we noted that small cell detection probability depends heavily on the false alarm rate (FAR). The evaluation results presented in [3] are based on the assumption of FAR=0.001. However, since PSS/SSS detection will be followed by RSRP measurements based on the CRS, it is likely that allowing a slightly higher false alarm rate than that agreed in previous evaluations could increase detection probability with minimal negative impacts in practice, as the falsely detected cell ID will deliver a very low RSRP report. 
Herein, we provide the evaluation of legacy cell discovery using an increased false alarm rate as shown in Figure 1. It can be seen that the detection probability increases using FAR=0.01 and the UE has very high probability to detect the 1st and 2nd small cell with measurements on only one subframe. One aspect that would need further clarification is how many cells actually need to be detected since in some cases the differences in RSRP and/or SINR of the 1st and, for example, the 3rd best cell may be very large.
Observation:
· It needs to be further clarified how many cells need to be detectable based on the UE geometry in small cell scenarios.
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[bookmark: _Ref363672021]Figure 1: Detection probability with different FAR for Scenario 2a, dense deployment
Based on the results shown in Figure 1, it is possible to conclude that the implementation based on interference cancellation of PSS/SSS can give detect the cell ID sufficiently quickly. 
Observation:
Detection probability increases with a higher false alarm rate with minimal negative impacts in practice.
UE has a high probability to detect the 1st and 2nd cell with measurements on one subframe
Probability of detecting the 1st and 2nd cell with measurements on one subframe increases if FAR=0.01 instead of FAR=0.001
Proposal:
Introduce UE autonomous PSS/SSS interference cancellation
Introduce signaling to indicate to the UE that the network is synchronized to facilitate better interference cancellation mechanisms
It should however be noted that since RSRP estimation is an integral part of the cell detection procedure, CRS-IC is also likely to be needed, at least for RSRP purposes. In feICIC, as for PSS/SSS IC, the CRS-IC considered is relying on network signalling support and hence is not autonomous. In addition, the CRS-IC behavior in general for feICIC is rather unclear and there is substantial optionality attached to the feICIC CRS-IC functionality, as is evident from the recently agreed way forward in RAN4 [5], in particular the notion of making CRS-IC optional in a majority of subframes:
“In addition to improve demodulation performance in ABS subframes, CRS interference mitigation may optionally be performed for demodulation on all subframes regardless of colliding or non-colliding CRS.”
Clearly, this makes it very hard, in practice, to utilize feICIC functionality in the network since the network does not know whether CRS cancellation is used or not in most subframes.
Proposal
Introduce UE autonomous CRS-IC that mitigates CRS interference in all subframes without relying on network signaling
Conclusions
In this contribution, we provided discussions on potential enhancements for cell discovery from semi-static small cell on/off perspective, and made the following observations and proposals:
Observations:
· A cell that operates semi-static small cell on/off needs always to be accessible by cell discovery for a legacy UE in order to operate in a backward compatible manner
· It needs to be further clarified how many cells need to be detectable based on the UE geometry in small cell scenarios.
· Detection probability increases with a higher false alarm rate with minimal negative impacts in practice.
· UE has a high probability to detect the 1st and 2nd cell with measurements on one subframe
· Probability of detecting the 1st and 2nd cell with measurements on one subframe increases if FAR=0.01 instead of FAR=0.001
Proposals:
Introduce UE autonomous PSS/SSS interference cancellation
Introduce signaling to indicate to the UE that the network is synchronized to facilitate better interference cancellation mechanisms
Introduce UE autonomous CRS-IC that mitigates CRS interference in all subframes without relying on network signaling
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