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1 Introduction
One of the objectives of the work item on small cell enhancements recently approved in the RAN plenary [1] is to enhance efficiency of small cell on/off operation through reduced transition time:

Efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells

· Can use existing handover, CA activation/deactivation, dual connectivity (if supported) procedures. New L1 procedure for activated Scell operating on/off can further reduce transition time depending on the detailed solutions
· Discovery procedure/signal(s) are needed
· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL. (Note that QCL is not always necessary or possible depending on the procedure.)
· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures.
It is clear that small cell discovery enhancement can facilitate small cell on/off operation by providing a means to activate dormant cells which do not transmit PSS/SSS/CRS and/or by providing a means for the UE to be connected with a just turned on small cell with reduced latency.

It is also clear that supporting efficient small cell on/off is only one of the motivations for considering enhancement to small cell discovery as also noted in the TR [2]. In fact, the performance evaluation discussed in Sec 7.2.1 of the TR did not explicitly consider small cell on/off scenario. Observations from simulation results by companies in the study item phase generally show the need to consider enhancement to small cell discovery in densely deployed small cell scenarios (which are all turned on). Small cell should be able to transmit discovery signals in both on and off state.
In this contribution, we provide our views on the candidate solutions that are captured in the TR [2].

2 Views on small cell discovery enhancement methods
Extensive simulation studies were conducted on the capability of legacy methods for the clustered small cell deployment scenarios. Potential enhancements that have been studied and captured in the TR [1] are listed below:
1. PSS/SSS interference cancellation

2. Burst transmission of discovery signal (with long duty cycle between bursts)
3. Network synchronization and assistance

4. New discovery mechanism

a. Existing RS-based detection

b. Modified SS/RS or new discovery signal-based detection

5. Transmission of discovery signal at specific carrier

6. Relaxed RAN4 requirement 
In our view, solutions to be considered in the work item phase should allow for flexible deployment options for the operators while minimizing disruption to the legacy UEs as much as possible, including discovery signal transmission for a cell that is ON. Further views on the requirement of discovery signal are presented in [14].
Network synchronization and assistance

Network synchronization and assistance is generally beneficial to all solutions and can be considered in the work item. The purpose of network assistance is to reduce discovery signal search time and complexity for the UE, which can be significant in case of inter-frequency measurement [7] . Useful network assistance may include indication of rough timing information of the discovery signal [8] to keep UE timing search window to be within ±3us as assumed in the TR [2] and information about discovery signal configuration to further reduce the discovery signal scanning complexity and period.

Observations:
a) Network synchronization and assistance should be considered in the work item, including indication of rough timing information of the discovery and information about discovery signal configuration [8].
PSS/SSS interference cancellation
PSS/SSS interference cancellation improves cell detection by requiring the UE to implement PSS/SSS IC that removes the dominant interferer(s). This method assumes frame alignment among the small cells (both within and out of cluster) and represents a constraint on deployment options. Evaluation results in [2] shows that this method can provide reliable detection of the 1st and 2nd cells; however reliability degrades significantly for the rest of the cells. This observation implies this solution cannot be a standalone solution as performance requirement may not be met. Furthermore, UE complexity involved in implementing PSS/SSS interference cancellation should also be taken into account. 
Observations:

b) PSS/SSS interference cancellation can only be used to reliably detect up to two cells, which may not meet performance requirement.
c) PSS/SSS interference cancellation imposes constraint on deployment options as it assumes frame alignment among the small cells (both within and out of cluster).

Existing RS-based solution or modified SS/RS or new discovery signal
There are currently many candidates on the table, including PRS, CSI-RS (or its modified version), PSS/SSS (or its modified version), CRS (or its modified version). In our view, the candidate solution to be adopted should be decided based on both performance and its backward compatibility.
Towards this end, among the candidate solutions, CSI-RS has been shown to provide excellent cell detection capability as it can be configured to be relatively free from inter-cell interference [3]
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[6], thanks to muting and high reuse factor that improves SINR operating point while allowing a large number of cells’ discovery signal to be multiplexed. In particular, it has been shown [2] that at least 3 cells can be comfortably detected with high reliability. Cell detection capability of CSI-RS can be further enhanced by allocating additional transmission power. Additional transmission power for discovery signal is especially applicable for the case when a cell is transmitting the discovery signal in an OFF state. Since there are no data or control signals being transmitted, the eNB can reallocate the unused transmission power to the discovery signal. Such reallocation of transmission power would lead to enhanced cell detection capability.
CSI-RS has also been shown on the past to be able to satisfy RAN4 performance requirement on RSRP [10] and is confirmed again recently e.g. in [11] in the small cell discovery context. Compared to CoMP, CSI-RSRP is expected to have even better performance for dense small cells due to improved SINR from the generally lower path loss between a small cell and a UE. As RAN4 has evaluated CSI-RSRP extensively for CoMP, work done in the past can be reused to some extent, thereby saving significant specification effort and time.    

Another major advantage for CSI-RS is that it is a backward compatible solution since CSI-RS as discovery signal can be configured as zero-power CSI-RS resources for legacy UEs. CSI-RS also has lower overhead when also used as the discovery cell for a cell that is ON since it can also be reused for CSI measurement purpose.  
An issue with ambiguous side peaks of CSI-RS auto-correlation profile has been mentioned in [9]. It was pointed out that the time difference between adjacent peaks is 5.56us. It should be noted that the issue of narrow side peaks is only relevant for measurement bandwidth of 5MHz as shown in Table 1. The issue can be easily resolved through UE implementation method by using a different measurement bandwidth than 5MHz. 
Table 1: Side peak of auto-correlation profile of CSI-RS as a function of system bandwidth
	
	Measurement bandwidth

	
	1.4MHz
	2.5MHz
	5MHz
	10MHz
	15MHz
	20MHz

	Side peak location relatively to reference
	16.7us
	16.7us
	5.6us
	16.7us
	11.11us
	16.7us


Observations:
d) CSI-RS has been shown to provide excellent cell detection capability thanks to muting and high reuse factor
e) Cell detection capability of CSI-RS can be further enhanced by allocating additional transmission power when a cell is off
f) CSI-RS can satisfy RAN4 performance requirement on RSRP

g) CSI-RS is backward compatible since CSI-RS as discovery signal can be configured as zero-power CSI-RS resources for legacy UEs.

h) The issue with ambiguous side peaks of CSI-RS auto-correlation profile can be resolved through UE implementation method.
Burst transmission of discovery signal (with long duty cycle between bursts)
Burst transmission of discovery signal with long duty cycle allows UE to make measurements of the discovery signal with reduced latency while enabling long sleep time for both the small cell and the UE. Burst transmission can be applied to discovery signal that is either based on an existing RS or a modified SS/RS. This method, if needed, should also minimize legacy impact and the extent of legacy impact depends on the type of discovery signal assumed. For example, burst transmission of discovery signal based on CSI-RS would have smaller legacy impact compared to burst transmission of PSS/SSS. This is again because burst transmission of CSI-RS can be configured as multiple ZP CSI-RS for legacy UEs. On the other hand, PRBs with the PSS/SSS burst (except for the legacy PSS/SSS subframes) may not be able to be assigned to legacy UEs or data REs may need to be punctured by the PSS/SSS burst, incurring throughput loss and scheduling restriction for legacy UEs. 
The resource overhead generated from burst transmission of discovery signal could be further mitigated by reducing the bandwidth of discovery signal. Instead of transmitting discovery signal on the entire system bandwidth, it can be transmitted on a part of it. Additionally, each discovery signal can be allocated a frequency offset value such that different cells can use different frequency resources for the transmission of its discovery signal. Note that this principle can be applied for discovery signals based on CSI-RS. In this case, discovery signal will only be transmitted on CSI-RS REs in a part of the system bandwidth. If discovery signal based on CSI-RS with reduced bandwidth and frequency multiplexing is utilized, a large number of discovery signals can be transmitted at the same time using a single CSI-RS configuration. One benefit of such an approach would be that more discovery signals can be packed together as a result, the required number of ZP CSI-RS that needs to be configured to avoid inter-cell interference can be reduced. Observations:

i) Impact to legacy UEs due to burst transmission of discovery signal (if needed) can be minimized if CSI-RS is the discovery signal. 
j) Overhead of CSI-RS based discovery signal can be further reduced by transmitting discovery signal on a part of the system bandwidth and employing frequency multiplexing
Transmission of discovery signal at specific carrier

This method is applicable if the small cell has multiple carrier frequencies. Instead of measuring the discovery signal of each carrier, the UE measures only one or a subset of the carriers; therefore reducing UE’s effort in inter-frequency measurement. We view this as a network implementation method as it should be possible for the network to configure discovery signal to only one of the carriers of the small cell and the UE should perform measurement according to the measurement configuration as well as other network assistance information. 
Observations:
k) Transmission of discovery signal at specific carrier a network implementation method as it should be possible for the network to configure discovery signal to only one of the carriers of the small cell and the UE should perform measurement according to the measurement configuration as well as other network assistance information.
Relaxed RAN4 requirement 

The network can configure a UE to measure the discovery signal from multiple cells to assist the network in load-balancing decisions. For a small cell deployment scenario, the cells to be measured by the UE can be from a same cluster of small cells or can be from multiple clusters of small cells.

Cell detection performance requirements are defined by RAN4 and are typically defined by cell detection latency conditioned on a cell’s signal quality satisfying a predefined criterion [12]. Depending on its location in a cellular network, a UE may not need to detect all discovery signals with a same latency. Simulations during the SI phase indicated that a significant percentage of UEs can detect cells geographically outside of the cluster of cells in which the UE is located [2]. 

Practically, the reduced latency discovery signal measurements are more critical for the strongest set of cells which are likely to be within the geographically closest small cell cluster. The cell detection performance requirement for the remaining set of cells can be more relaxed compared to that of the strongest set as indicated in Figure 1. 
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Figure 1. Relaxed discovery signal (DS) performance requirements for different sets of small cells. 
Relaxed RAN4 requirements for certain sets of cells can allow for power saving at the UE while the network has flexibility to ensure the latency of discovery signal measurements is reduced for the set of cells with the most load-shifting/offloading potential. This solution can potentially be associated with the relaxed measurements under discussion in the Mobility enhancements in heterogeneous networks WI in RAN2 [13].
Observations:
l) Support of relaxed RAN4 requirements for discovery signal measurements can provide power saving for UEs during discovery operation.
Based on the above discussions, we propose the following.
Proposal 1: We propose to adopt CSI-RS based discovery signal. 
Proposal 2: Network assistance information including rough timing information and discovery signal configuration to facilitate discovery operation should be considered [8].
Proposal 3: Support for relaxed discovery signal detection performance requirements should be considered.
3 Conclusions
In this contribution, we provided our views on small cell discovery enhancement methods. 
Observations:

a) Network synchronization and assistance should be considered in the work item, including indication of rough timing information of the discovery and information about discovery signal configuration.
b) PSS/SSS interference cancellation can only be used to reliably detect up to two cells, which may not meet performance requirement.
c) PSS/SSS interference cancellation imposes constraint on deployment options as it assumes frame alignment among the small cells (both within and out of cluster).

d) CSI-RS has been shown to provide excellent cell detection capability thanks to muting and high reuse factor
e) Cell detection capability of CSI-RS can be further enhanced by allocating additional transmission power
f) CSI-RS can satisfy RAN4 performance requirement on RSRP

g) CSI-RS is backward compatible since CSI-RS as discovery signal can be configured as zero-power CSI-RS resources for legacy UEs.

h) The issue with ambiguous side peaks of CSI-RS auto-correlation profile can be resolved through UE implementation method.

i) Impact to legacy UEs due to burst transmission of discovery signal (if needed) can be minimized if CSI-RS is the discovery signal. 
j) Overhead of CSI-RS based discovery signal can be further reduced by transmitting discovery signal on a part of the system bandwidth and employing frequency multiplexing
k) Transmission of discovery signal at specific carrier a network implementation method as it should be possible for the network to configure discovery signal to only one of the carriers of the small cell and the UE should perform measurement according to the measurement configuration as well as other network assistance information.

l) Support of relaxed RAN4 requirements for discovery signal measurements can provide power saving for UEs during discovery operation.
Our proposals are as follows:
Proposal 1: We propose to adopt CSI-RS based discovery signal. 
Proposal 2: Network assistance information including rough timing information and discovery signal configuration to facilitate discovery operation should be considered [8].
Proposal 3: Support for relaxed discovery signal detection performance requirements should be considered.
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