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1 Introduction
In RAN1#76, the following agreements were made with regards to small cell discovery. 
Agreements:
· In the enhanced cell discovery procedure, UE can assume multiple signals are transmitted

· UE can assume transmission of PSS (identical to the Rel-8 waveform) at least for coarse time synchronization

· Which other signal(s) the UE can assume are transmitted is FFS
· Possible candidates are one or more instances of SSS, CRS, CSI-RS, and PRS

· Which signals are useful for which purpose is FFS

· In addition to purposes given by the WID, cell multiplexing capability, UE power efficiency, and impact to legacy UE’s measurement can be considered when discussing candidate solutions
· Rel-12 discovery procedure is configured only for RRC_CONNECTED UEs

· FFS: Network assistance is provided to UEs for performing enhanced cell discovery. The information provided includes at least timing related information of discovery signal(s)

Agreements:
· Network assistance related to at least timing associated with discovery measurement is provided to UEs for Rel-12 discovery procedure
· It does not mean that DRS-based measurement reporting based on autonomous UE detection is precluded 
· Accuracy of timing considered for network assistance will be defined by RAN4
· FFS: What is timing information associated with discovery measurement
· FFS: Other information provided

Agreements:
· Followings can be considered as candidate signals for each purpose

· For coarse time synchronization:

· Candidate signals are PSS, PSS/SSS, PRS

· For coarse frequency synchronization:

· Candidate signals are PSS, PSS/SSS, CRS, CSI-RS, PRS

· For cell/transmission point identification:

· Candidate signals are PSS/SSS, CRS, CSI-RS, PRS

· For RSRP measurement:

· Candidate signals are PSS/SSS, CRS, CSI-RS, PRS

· For received signal quality (RSRQ) measurement:

· FFS: Whether RSSI can be measured by symbols including discovery signals or symbols not including discovery signals
· For any of above purposes, Tx-side enhancement, e.g.,  muting and utilizing multiple instances, and/or Rx-side enhancement, e.g., interference cancellation, can be considered

· UE can utilize a combination of discovery signals for any of above purposes
In this contribution, we provide our views on two open issues:
a) Discovery reference signal (DRS) design
b) Details of network assistance/information provided to UEs for performing enhanced cell discovery

2 Discovery Reference Signals Design
In RAN1#76, it was agreed that multiple signals are transmitted for enhanced cell discovery procedure. In particular, PSS is used at least for coarse time synchronization. It is for further study on whether there is other signal used for coarse time or frequency synchronization, and which signal(s) should be used for cell/TP identification and RSRP/RSRQ. 

In our view, there should be only two types of reference signals transmitted for enhanced cell discovery procedure, namely:

a)  signal(s) used for coarse time and frequency synchronization, which we shall refer to as the time-frequency reference signal (TFRS); and 

b) signal(s) used for cell/TP identification as well as for RRM measurement (RSRP & RSRQ), which we shall refer to as the discovery reference signal (DRS). 
2.1 Signals for coarse time and frequency synchronization (Time-frequency RS)
In RAN1#76, it was agreed that PSS is used at least for coarse time synchronization. In this section, we present our view of the suitable TFRS candidate.
From the small cell discovery study [2], it is well known that the UE can reliably detect the PSS/SSS of the strongest cell in a small cell cluster even with only one subframe. Since all small cells within the same cluster are typically synchronized (e.g. such that timing offset at UE is within ±3 µs and frequency offset at UE is within ±0.1ppm), this implies that the UE can use the timing and frequency of a detected PSS/SSS in the cluster as the timing and frequency reference for detecting the DRS of any cell in the same cluster. This is illustrated in Figure 1. Note that the TFRS is not necessarily transmitted from the same small cell that transmits DRS. 
It is also our view that the PSS/SSS used as TFRS should be the legacy PSS/SSS, hence is only transmitted by a cell that is ON. One benefit is that TFRS detection can reuse existing UE implementation. In case there are multiple ON cells in a cluster detected by the UE, the UE can choose the strongest PSS/SSS as the TFRS. In case there is no offered traffic in the cluster, at least one small cell in a cluster would typically still be ON for coverage purpose; and this cell would transmit PSS/SSS (which serves as TFRS), CRS, data needed for initial access (PBCH, SIBs) and optionally DRS; whereas the other dormant cells would be transmitting DRS. 
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Figure 1: PSS/SSS as the TFRS for DRS
Proposal 1: For enhanced cell discovery, PSS/SSS of a cell in a small cell cluster can be used for coarse time and frequency synchronization for detecting the DRS of another cell in the same cluster. The PSS/SSS used as TFRS is the legacy PSS/SSS.
From the small cell discovery study [2], it is also known that when multiple small cells clusters are close to each other, some UEs are likely to detect cells from another cluster. Since small cells from different clusters are typically not synchronized, the PSS/SSS from cells in a cluster should not be used as the TFRS for detecting DRS from cells in another cluster. This implies that the UE should be informed by the network about the set of PSS/SSS that can be used as the TFRS for a set of DRS resources. A set of PCIs can be configured for a given set of DRS resources. If the UE detects a PSS/SSS where the corresponding PCI belongs to the set, then the UE can use the PSS/SSS as TFRS for detecting any DRS in the associated DRS resources. This network assistance can be sent from the serving cell, which can be the macro cell or a small cell that the UE is connected to.
Proposal 2: A set of PCIs can be configured to indicate a PSS/SSS set that can be used as TFRS for detecting a DRS resource.
2.2 Signals for cell/transmission point identification and RSRP/RSRQ measurement (Discovery RS)
There are currently many candidates on the table for DRS, 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. In particular, it was agreed in the last meeting that cell multiplexing capability, UE power efficiency, and impact to legacy UE’s measurement are all important considerations when deciding the signal for DRS.
2.2.1 CSI-RS as the DRS
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 reference 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 reference signal is especially applicable for the case when a cell is transmitting the discovery reference signal in an dormant state. Since there are no data or control signals being transmitted, the eNB can reallocate the unused transmission power to the discovery reference 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 reference 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.  
Observations:

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

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

2.2.2 Other candidate techniques
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 reference 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 reference signal assumed. For example, burst transmission of discovery reference 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 reference signal could be further mitigated by reducing the bandwidth of discovery reference signal. Instead of transmitting discovery reference signal on the entire system bandwidth, it can be transmitted on a part of it. Additionally, each discovery reference signal can be allocated a frequency offset value such that different cells can use different frequency resources for the transmission of its discovery reference signal. Note that this principle can be applied for discovery reference signals based on CSI-RS. In this case, discovery reference signal will only be transmitted on CSI-RS REs in a part of the system bandwidth. If discovery reference signal based on CSI-RS with reduced bandwidth and frequency multiplexing is utilized, a large number of discovery reference 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 reference 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:

e) Impact to legacy UEs due to burst transmission of discovery reference signal (if needed) can be minimized if CSI-RS is the discovery reference signal. 
f) Overhead of CSI-RS based discovery reference signal can be further reduced by transmitting discovery reference signal on a part of the system bandwidth and employing frequency multiplexing
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:

g) PSS/SSS interference cancellation can only be used to reliably detect up to two cells, which may not meet performance requirement.

h) PSS/SSS interference cancellation imposes constraint on deployment options as it assumes frame alignment among the small cells (both within and out of cluster).
Based on the above discussions, we propose the following.
Proposal 3: For enhanced cell discovery, CSI-RS is the DRS for cell/transmission point identification and RSRP/RSRQ measurement.
3 Conclusions
In this contribution, we provided our views on discovery reference signals design. 
First of all, we think that there should be only two types of reference signals transmitted for enhanced cell discovery procedure, namely:

a)  signal(s) used for coarse time and frequency synchronization, which we refer to as the time-frequency reference signal (TFRS); and 

b) signal(s) used for cell/TP identification as well as for RRM measurement (RSRP & RSRQ), which we refer to as the discovery reference signal (DRS). 
Our observations are summarized below.
Observations:

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

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

e) Impact to legacy UEs due to burst transmission of discovery reference signal (if needed) can be minimized if CSI-RS is the discovery reference signal. 

f) Overhead of CSI-RS based discovery signal can be further reduced by transmitting discovery reference signal on a part of the system bandwidth and employing frequency multiplexing
g) PSS/SSS interference cancellation can only be used to reliably detect up to two cells, which may not meet performance requirement.

h) PSS/SSS interference cancellation imposes constraint on deployment options as it assumes frame alignment among the small cells (both within and out of cluster).
Finally, our proposals are as follows:
Proposal 1: For enhanced cell discovery, PSS/SSS of a cell in a small cell cluster can be used for coarse time and frequency synchronization for detecting the DRS of another cell in the same cluster. The PSS/SSS used as TFRS is the legacy PSS/SSS.
Proposal 2: A set of PCIs can be configured to indicate a PSS/SSS set that can be used as TFRS for detecting a DRS resource.
Proposal 3: For enhanced cell discovery, CSI-RS is the DRS for cell/transmission point identification and RSRP/RSRQ measurement.
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