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1. Introduction
In TR36.932 [1], scenarios for small cell enhancements are provided to improve system capacity and performance, including with/without macro coverage, sparse and dense, synchronized and unsynchronized, co-channel and non-co-channel. In 3GPP RAN1 Session #72, there is intensive discussion on simulation assumptions and the scenarios for evaluation are further simplified into Scenario 1, 2a, 2b and 3 agreed in R1-130856 [2], which are explained as follows.  
Scenario 1: Co-channel deployment for marcocell and outdoor small cells with macro coverage

Scenario 2a: Non-co-channel deployment for marcocell and outdoor small cells with macro coverage

Scenario 2b: Non-co-channel deployment for macrocell and indoor small cells with macro coverage

Scenario 3: Indoor small cells without macro coverage
In this document, the necessity to support on/off operation for small cells is discussed first and then our views for efficient discovery of small cells are provided.  Proposals are summarized in the conclusion section.  Simulation assumptions for simulation results in this document are referenced to R1-130856 [2].


2. Discussion
2.1 On/off operation for small cells

In LTE Release 12, deployment of small cells is proposed to further boost system throughput as well as improve user experience, considering the burst of data traffic in the near future due to recent prevalence of smart phones. However, deployment of more eNBs implies higher interference level in the air interface and more power consumption of the networks. In order to achieve the best trade-off of power efficiency and system throughput gain through the deployment of small cells, it’s better to make small cells with none or few user traffic non-active or stay in a state with none or limited signal transmission. The served UEs can be transferred to other neighboring small cells or the overlaid macrocell if there is.  In this section, the benefits to have a non-active state for small cells are evaluated.

Figure 1 and 2 show the UE geometry performance for Scenario 1 and 2a when 60 UEs are deployed.  It can be observed that there is large difference between the cases where 4 and 10 small cells are deployed for each small cell cluster.  Since a fixed number of dropped UEs is considered in both cases, we can view the case of 4 small cells in each small cell cluster as the case of 10 small cells with 6 non-active in each small cluster to evaluate the benefits of on/off operation for small cells.  Comparing the UE geometry performance between 2 cases in both Scenario 1 and 2a, we observe a significant improvement in the case of 4 small cells in each small cell cluster.  Though it doesn’t mean a maximal system throughput, it does imply the benefits to de-activate small cells with few UEs served, especially for small cells using legacy carrier type.  True benefits can be further proved by throughput evaluation results based on the assumption of different traffic rates.  Higher traffic rate may require more active small cells together with more interference sources.  The best trade-off between the number of active small cells and interference level can be found through system throughput analysis.
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Figure 1  Geometry performance for macro cell and small cell UEs in Scenario 1
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Figure 2  Geometry performance for macro cell and small cell UEs in Scenario 2a
However, if non-active state is introduced for a small cell, the issue is how UEs discover non-active small cells efficiently and provide enough information to the networks to decide whether to recover the discovered small cell back to active state. There are four candidate definitions of non-active state shown as follows for further evaluation. 
1. Light transmission
· Small cell eNB transmits necessary reference signals and maybe beacon with long periodicity for discovery, such as PSS/SSS, CRS, CSI-RS, PRS and maybe discovery signal
· Small cell eNB may be able to save transmission power only

· UE may discover a small cell eNB with either legacy reference signals or discovery signal
2. DTX/DRX based
· Small cell eNB transmits beacon with long periodicity (e.g. 200 ms) for discovery only, such as discovery signal
· Small cell eNB may be able to turn off its Tx and Rx RF/baseband during DTX/DRX period for power saving

· UE may discover a small cell eNB with discovery signal

3. Dormant mode
· Small cell eNB doesn’t transmit any signal

· Small cell eNB may be able to turn off its Tx RF/baseband until receiving UE beacon

· UE may need to transmit UE beacon to wake up small cell eNB for discovery
4. Completely off

· Small cell eNB is completely turned off

· Network needs to wake up a small cell eNB through backhaul

Depending on different definitions of non-active state, supporting mechanism may be different. It is suggested to further evaluate the benefits of different schemes, considering both legacy and new carrier type.
Proposal #1:  For power consumption efficiency and inter-cell interference control among small cells, non-active state should be introduced in small cells. Benefits of different definitions for small cell non-active state should be further studied, considering both legacy and new carrier type.
2.2 Discovery of small cells
With the discussion in previous section, non-active state for small cells can provide both data offload flexibility and power consumption efficiency in dense small cell deployment. In this kind of small cell deployment, the discovery of small cell can be a challenge due to high inter-cell interference. Figure 2 shows the potential cell number distribution per user for Scenario 1 and 2a when different CRE is applied.  From the results, the probability to have similar signal strength from different small cells is high.  There are over 20 percent of UEs experiencing signal strengths within 3 dB from more than 3 different small cells according to Figure 2.  In other words, UE may suffer strong interference from neighboring cells in a small cell cluster for cell selection and discovery signal for small cell detection enhancement may be needed.  In this section, we provide our views about possible functions of a discovery signal.
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          (a)  Scenario 1                                                                        (b)  Scenario 2a
Figure 2  Potential cell number distribution per user for Scenario 1 and 2a
· Discovery of small cells nearby by UEs

· When small cell switches to non-active state, it may transmit nothing but the discovery signal with a long period.
· For UEs, the discovery signal can be used to detect the existence of single or multiple small cells nearby no matter whether it is active or not.

· Discovery of small cells nearby by small cells

· For small cells, discovery signal can be used to detect the existence of neighboring small cells to support autonomous configuration.
· Measurement/reporting to support efficient on/off operation of small cells
· For the network, measurement reporting of the discovery signal from UEs may provide good reference about the number of UEs within the coverage and inter-cell interference condition for efficient on/off operation among small cells
· Synchronization
· Depending on the design of discovery signal, it may be able to support or assist initial synchronization or time-frequency tracking, especially when inter-cell interference is high in dense small cell environment.
Considering UE complexity, it’s better to reuse existing reference signals as the discovery signal for small cells.  However, depending on the functions of the discovery signal, it requires further evaluation to see whether existing reference signals can support efficient operation of small cells before considering a new design of discovery signal as one of options.
Proposal #2:  Legacy reference signals, such as PSS/SSS, CRS, CSI-RS and PRS, should be evaluated first for the small cell discovery based on at least the performance of small cell detection and measurements. New discovery signal design could be considered if legacy reference signals are not able to support efficient small cell discovery.


3. Conclusion

In this paper, we provide our views on the necessity and the functions of discovery signal for small cells. The proposals are summarized as follows.
Proposal #1:  For power consumption efficiency and inter-cell interference control among small cells, non-active state should be introduced in small cells. Benefits of different definitions for small cell non-active state should be further studied, considering both legacy and new carrier type.
Proposal #2:  Legacy reference signals, such as PSS/SSS, CRS, CSI-RS and PRS, should be evaluated first for the small cell discovery based on at least the performance of small cell detection and measurements. New discovery signal design could be considered if legacy reference signals are not able to support efficient small cell discovery.
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