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1. Introduction
At the RAN1#74bis meeting, the following summary on small cell on/off and discovery was agreed upon [1].

Agreements:
· Reduced transition time of small cell on/off can increase the performance
· RAN1 finds it beneficial to introduce the small cell on/off transition time reduction depending on the detailed scheme
· The enhancements for transition time reduction may include support of:
· Discovery and measurement enhancement(s) in DL in cell off state, potentially also in cell on state, and its usage in related procedures such as handover, CA activation/deactivation, and Dual connectivity (if supported), radio link monitoring
· Continue to investigate RAN1 related procedure of small cell on/off transition time reduction until RAN1 #75 meeting
In addition to the investigation on RAN1 related procedures for small cell on/off transition time reduction, it is also important to investigate the target design for small cell discovery enhancement considering not only small cell on/off transition time reduction but also other possible applications that can obtain benefits from small cell discovery enhancement.
In this contribution, we show our views on the target design for small cell discovery enhancement.
2. Discussion on Target Design for Discovery Enhancement
Although the proposals on the target design for small cell discovery enhancement in [2] were not agreed upon at the RAN1#74bis meeting, the online/offline discussions on the proposals derived the following discussion points on the target design for discovery enhancement.

· Definition of the target set of detectable small cells, e.g., number of small cells, thresholds for RSRP gap and/or RSRP level

· Target detection accuracy, i.e., detection probability, for detectable small cells

· Target measurement accuracy for detectable small cells

· Required time to achieve the target accuracy level for detectable small cells

· Other metrics for comparison of solutions, e.g., impact on legacy UEs, overhead, UE battery consumption, and scalability

In addition, according to the agreements at the RAN1#74bis meeting, discovery and measurement enhancements for off-state small cells and possibly on-state small cells may be supported. This implies that a discovery signal transmitted by an off-state small cell and possibly on-state small cell would provide at least the small cell identification function and RSRP measurement function. We should investigate more about which function the discovery signal should provide. In this contribution, we focus on the minimum functions of the discovery signal such as the detection of small cells, i.e., identification of the small cell identifier, and the RSRP measurement of detected small cells.

2.1.
Definition of target set of detectable small cells

Generally, assuming SCE deployment scenario 2 in which the macro-layer provides basic coverage and mobility for UEs, small cells would be mainly used for traffic offloading and achieving higher throughput performance. In that sense, small cells with a very low RSRP level, i.e., very low SNR, and/or with a very large RSRP gap from the best RSRP small cell cannot provide a sufficient benefit to the UE in general. Therefore, thresholds for both the RSRP gap and RSRP level should be considered for the definition of a target set of detectable small cells to remove such cells from the target set of detectable small cells. The definition based on the RSRP gap and RSRP level can be applied to any deployment scenario and UE location, e.g., sparse/dense deployment and inside/outside of small cell cluster areas.

When we consider the appropriate threshold value/range for the RSRP gap and RSRP level, we should take the fundamental aspect of the discovery function into account. As shown in Fig. 1, if the discovery function provides sufficiently high detectability, gains/improvement expected in various usage cases would be maximized. Otherwise, such gains/improvement would be limited or lost in some of the attractive usage cases. Therefore, the discovery function should not be a bottleneck for any usage cases that could be considered at this moment.
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Figure 1 – Fundamental aspect of discovery function

In order to investigate the appropriate threshold for the RSRP gap, we evaluated the performance of Rel. 11 CoMP operation with different RSRP gap settings for a CoMP set in a dense small cell deployment. The evaluation assumptions and results are shown in Annex A. We observed that if a UE can detect and utilize small cells with the RSRP gap of up to 12 dB, the CoMP operation provides an additional 4-6% gain due to the increase in the CoMP UE ratio compared to the case where the UE can detect only small cells with the RSRP gap of up to 6 dB. However, a further increase in detectability, i.e., a CoMP set with the RSRP gap of up to 18 dB, cannot provide sufficient additional gain. Therefore, according to these results, the appropriate threshold for the RSRP gap would be between 10 and 15 dB. Since we should consider a certain margin so that the discovery function does not become a bottleneck for other attractive usage cases, we propose 15 dB as the threshold for the RSRP gap.

Regarding the appropriate threshold for the RSRP level, we need further study. Generally speaking, it would be higher than the noise level since the small cells may not be utilized for coverage purposes at least in SCE scenario 2a. As examples, the PDF of the target set size for UEs in sparse and dense scenarios is shown in Annex B.

Proposal 1: Discovery enhancement should provide sufficient detectability so that small cells that meet the following conditions are detectable for efficient operations in the SCE scenario.

· RSRP of small cells is greater than X dBm, where X is FFS.

· RSRP gap of small cells is less than Y dB, where Y is 15 as the baseline.

2.2.
Target detection and measurement accuracy levels for detectable small cells

As discussed in our companion contributions [3] [4], the fast and accurate detection/measurement of at least the best RSRP small cell would be beneficial to reduce the transition time in small cell on/off operation and to achieve energy-efficient inter-frequency small cell discovery. In addition to the best RSRP small cell, other small cells in the target set of detectable small cells should be detected so that additional gain/improvement can be achieved in various usage cases as discussed in the previous sub-section. Therefore, basically the discovery enhancement should achieve sufficiently-high detection probabilities for all detectable small cells. We believe that the detection probability of 90% with 1 measurement sample is a good baseline for the target detection accuracy levels for detectable small cells, since the system level evaluation assumes ideal cell detection in general and we have seen the gain from many techniques in the system level evaluation results in the SCE study. We note that the actual requirement will be discussed and specified in RAN4.

In addition to the detection accuracy, the actual RSRP measurement accuracy requirement for the discovery signal-based mechanism will be discussed in RAN4. Therefore, we consider that the discovery signal-based RSRP measurement should have comparable performance with the legacy CRS-based RSRP measurement for RAN1 study purposes.

Considering efficient small cell on/off operation, it is very important to achieve the target accuracy levels with only one or a few measurement samples. If the enhanced discovery achieves the target detection/measurement accuracy levels within, e.g., 1 ms, the interval of discovery signal transmission can be extended and/or the length of one burst transmission of the discovery signal can be shortened so that the overhead and interference issues due to the discovery signal transmission can be relaxed. In addition, the benefit of accurate detection and measurement of inter-frequency small cells with one or a few measurement samples is elaborated in [4].

Proposal 2: Discovery enhancement should provide sufficient detection and measurement accuracy levels for the target detectable small cells with 1 or a few measurement samples.

· For the target detection probability, 90% is considered as the baseline.

· For the target RSRP measurement accuracy, the legacy CRS-based RSRP measurement requirement is considered to be the baseline.
3. Conclusion
In this contribution, we presented our views on the target design for small cell discovery enhancement, especially the definition of the target set of detectable small cells and the target accuracy levels for detection and measurement of detectable small cells. 

Proposal 1: Discovery enhancement should provide sufficient detectability so that small cells that meet the following conditions are detectable for efficient operations in the SCE scenario.

· RSRP of small cells is greater than X dBm, where X is FFS.

· RSRP gap of small cells is less than Y dB, where Y is 15 as the baseline.

Proposal 2: Discovery enhancement should provide sufficient detection and measurement accuracy levels for the target detectable small cells with 1 or a few measurement samples.

· For the target detection probability, 90% is considered as the baseline.

· For the target RSRP measurement accuracy, the legacy CRS-based RSRP measurement requirement is considered to be the baseline.
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Annex A.  Performance Evaluation on CoMP Among Clustered Small Cells

DL CoMP among clustered small cells is efficient in dense small cell deployments. We show our evaluation results on CoMP in SCE scenario 2a. Here, we assume an ideal backhaul among the clustered small cells, i.e., Rel. 11 CoMP is performed. The maximum CoMP set size is 2 and the CoMP set is configured based on the RSRP gap within 6, 12, or 18 dB. Ten small cells within a cluster and only UEs within a cluster region are considered for the evaluation. Evaluation results are summarized in Table AI.

The results show the CoMP gain itself and further improvement in the CoMP set based on a larger RSRP gap due to the increase in the ratio of CoMP UEs. The ratio of CoMP UEs in the cluster region is approximately 58%, 88%, and 97% in the case of a 6 dB gap, a 12 dB gap, and an 18 dB gap, respectively. The CoMP operation with a 12 dB RSRP gap provides an additional 4-6% gain compared to the case with a 6 dB RSRP gap. However, the performance gain seems to be saturated when the RSRP gap is extended from 12 dB to 18 dB.
Table AI. Simulation Results with CoMP Set Based on Different RSRP Gap Threshold
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4.39  12.3 14.44  7.4 19.95  6.2 0.232
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12 dB RSRP gap

4.54  16.1 15.21  13.1 20.75  10.5 0.215

2 TP DPS/DPB, 

18 dB RSRP gap

4.51  15.3 15.39  14.4 20.93  11.4 0.212 

15

Baseline

2.21 0 8.71 0 12.39 0 0.454

2 TP DPS/DPB, 6 

dB RSRP gap

2.71  22.6 9.41  8.0 13.52  9.1 0.334

2 TP DPS/DPB, 

12 dB RSRP gap

2.80  26.7 9.85  13.1 14.15  14.2 0.309

2 TP DPS/DPB, 

18 dB RSRP gap

2.83  28.1 10.10  16.0 14.41  16.3 0.304 


Annex B.  Examples of Target Set Size for Detectable Small Cells
According to the proposal in Section 2.1, we calculate the size of the target set of detectable small cells for UEs based on the path loss and shadowing calculation. Figure B1 shows the PDF characteristics of the target set size for UEs in different locations, i.e., inside and outside cluster areas in sparse and dense deployment scenarios. We set the threshold for the RSRP level to -103 dBm as an example, and this means that the minimum SNR of the detectable small cells is approximately 20 dB. 

We can see reasonable tendencies from the proposed target set definition.

· The target set size for UEs inside the cluster area seems larger than that for UEs outside the cluster area.

· The target set size for UEs in a dense deployment seems larger than that for UEs in a sparse deployment.

· The target set size may not exceed the number of small cells per cluster.

Therefore, the proposed definition for the target set of detectable small cells can be a common target definition for any deployment scenario and UE location. In addition, the proposed target definition would be reasonable and not derive excess detectability for the small cell discovery enhancement.
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Figure B1 – Size of target set of detectable small cells
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