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Introduction
In last RAN #62 meeting, small cell enhancements-physical layer aspects was approved as work item [1]. 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.

In this contribution, we discuss discovery signals design for efficient small cell operation.

Discussions on discovery signal
During study item phase, based on intensive discussions on the necessity of introducing discovery signals, it was agreed that discovery procedure will be specified where cells operating on/off may transmit discovery signals. In terms of a new discovery procedure to support on/off operation, two approaches can be considered: (1) introducing new downlink discovery signal, (2) utilizing uplink signals for measurement. In our view, the first approach should be adopted as a baseline where the second approach may be used as a complementary solution for the following reasons. First, with downlink discovery signal, since UE can perform measurement, the cell on/off transition delay can be reduced. Secondly, discovery signals from neighbor cells would be needed to support a UE’s neighbor cell measurement. Lastly, the second solution may not be scalable with the number of UEs in the network. Thus, the second solution alone may not satisfy UE measurement requirement and efficient small cell on/off operation. Considering above discussions, it would be helpful to enhance small cell discovery mechanism with introduction of downlink discovery signal.
During SI phase, we also agreed that requirements on new discovery signal and procedures will be discussed in WI phase. One of main questions to determine requirements would be how many cells should be discovered. Given that discovery signal will be mainly designed for supporting on/off operation, the requirement should be targeted for efficient cell on/off operations. Moreover, efficient UE detection performance and power consumption should be also accounted for. To effectively support cell on/off operation with potentially fast switch to another cell when the serving cell changes its state to off-mode, a UE should be able to identify at least two cells at a time.  Therefore, in our view, at least two cells should be a design target for detection performance. 
Proposal 1: Introduce downlink discovery signals and enhance small cell discovery mechanism so that two or more small cells should be detected.
When a new discovery signal is introduced, it was agreed that this signal will be used for cell identification, coarse time/frequency synchronization and RRM measurement. And, it is questionable whether this signal can be used for RLM and QCL. In the following, we discuss about two aspects. 
Radio link monitoring (RLM) is usually performed in UE to indicate whether the radio link is out-of-synch or in-synch. A UE is required to perform RLM at least once per every DRX cycle or per radio frame depending on DRX configuration for primary cell. To determine whether RLM can be measured using discovery signals, two aspects should be considered. First aspect is the availability of discovery signals in primary cell as primary cell may not perform on/off operation while a UE is associated with (and thus may not transmit discovery signals). Second aspect is the performance with with discovery signals. Even if primary cell transmits discovery signals, due to its infrequent transmission (such as every 200 ms), the requirement of RLM may not be satisfied with discovery signals. Thus, in our view, RLM measurement should not be based on discovery signals. 
Currently, RLM is based on measured the CRS quality and can be also done in certain subframes indicated by higher layer. Regardless of L1 optimization to allow fast transition time, it is expected that a small cell in on-mode will transmit CRS at least in a subset of subframes. Thus, RLM should be performed using CRS rather than discovery signals in our perspective. 
Proposal 2: No RLM is performed with discovery signal.

According to current specification, synchronization signals (e.g., PSS/SSS) and CRS are assumed to be quasi-colocated with respect to Doppler shift and average delay. The discovery signal may be helpful to acquire faster synchronization after a cell would transit small cell on-mode. Hence, it may be required to define QCL relationship between discovery signal and PSS/SSS/CRS of the cell. The QCL definition between discovery signal and other RS (e.g, UE specific RS and CSI-RS) may not be needed if QCL relationship between discovery signal and CRS would be defined.
Proposal 3: It may be required to define QCL relationship between discovery signal and PSS/SSS/CRS of the cell.

Evaluation results using CSI-RS
3.1 Cell detection
We evaluate the link level cell detection performance with legacy CSI-RS structure for a specific UE position in multi-cell deployment environment. To obtain the related link level simulation parameters for a UE position, small cells are deployed and UEs are distributed over the system according to the system simulation assumptions in [2]. For each UE position, we consider orthogonal CSI-RS transmission among 5 strongest cells assuming those cells are all off-mode by help of network coordination. This means that there is no interference to CSI-RS among 5 strongest cells. In addition, UE should have prior knowledge about CSI-RS of 5 strongest cells. The detailed evaluation assumptions for link level and system level are summarized in Table 1 and 2, respectively.





[bookmark: _GoBack]Table 1. Link level simulation assumptions for cell detection.
	System bandwidth
	6 RB/25 RB

	Carrier frequency 
	3.5G

	Channel model and Doppler frequency
	EPA

	Time offset (us)
	Random and uniform timing offset within +/- 3 us for each signal

	Frequency offset (Hz)
	Random and uniform frequency offset within 0.1ppm at the UE

	UE speed
	3km/h

	PSS/SSS transmission
	5 strongest cells

	Antenna configurations
	2x2

	Number of CSI-RSsubframes used for cell detection
	Single subframe

	Interference modelling
	AWGN for the interference from cells other than the 5 strongest cells



Table 2. System level simulation assumptions for cell deployment.
	Scenario
	Scenario #2a

	Number of macro site
	7

	Total Small cell TX Power
	30 dBm

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Distance-dependent path loss
	ITU model as baseline

	Antenna configuration
	2x2, cross-polarized

	Selection of target cell for detection
	5 strongest cells based on RSRP



We show cell detection performance using CSI-RS with system bandwidth in Figure 1 and 2. 
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Figure 1. Cell detection performance using CSI-RS with system bandwidth of 6 RB. (a) 1st cell, (b) 2nd cell, (c) 3rd cell, (d) 4th cell, and (e) 5th cell detection performance.
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Figure 2. Cell detection performance using CSI-RS with system bandwidth of 25 RB. (a) 1st cell, (b) 2nd cell, (c) 3rd cell, (d) 4th cell, and (e) 5th cell detection performance.
According to TS 36.133 [4], UE should be able to detect a cell with RSRP ≥-127 dBm and SINR ≥ -6 dB. As can be seen in Figure 1, it is not enough to detect the cells using single CSI-RS subframe for smaller bandwidth system (e.g., 6 RB). However, the cell detection performance is improved for larger bandwidth systems (e.g., more than 25 RB). Since perfect orthogonal CSI-RS transmission among 5 strongest cells is assumed in this simulation, performance may be degraded if some small cells of 5 strongest cells may be in on-mode in realistic deployment scenario, which results in deteriorating SINR of CSI-RS due to collision with data RE in other cells. This may be mitigated by configuring ZP CSI-RS. However, for UE without TM10 configured, only one ZP CSI-RS can be configured. Thus, to cover both CSI-RS transmitted for on-mode operation and discovery signal, the current configuration mechanism may not be efficient. For example, if ZP CSI-RS is configured for every 5 ms where discovery signal is transmitted in 200 ms, unnecessary rate matching could occur and thus spectral efficiency degradation is expected. In addition, the collision between CSI-RS among neighbour cells may happen in UE located in cluster boundary region.
Hence, it is required to enhance discovery signal/procedure if CSI-RS based discovery signal is designed. To address the cell detection performance for smaller bandwidth used for discovery signal, we can consider increasing density of CSI-RS for example by utilizing multiple CSI-RS configuration for discovery signal and burst transmission of CSI-RS (e.g., multiple CSI-RS transmission in several consecutive subframes). In addition, PSS/SSS/CRS can be also considered as discovery signal since its density is higher than CSI-RS in one subframe. Moreover, if orthogonal allocation of discovery signal among cells is not guaranteed, a mechanism to mitigate collisions or randomize interference needs to be considered. For example, some coordination among clusters can be considered to minimize the collisions or frequency hopping of discovery signal over subframes can be considered to randomize the interference.
Observation 1: The enhancement scheme of cell detection using CSI-RS may be needed for at least smaller bandwidth system.
Proposal 4: Further investigation on enhancements is necessary if CSI-RS based discovery signal is designed.
3.2 RRM measurement
At least in small cell off-mode, a small cell would transmit discovery signal. To provide fast time-scale on/off transition, it would be beneficial if RRM measurement can be performed using discovery signal in small cell off-mode. Hence, we evaluate the RSRP measurement accuracy when CSI-RS is used for RSRP measurement as discovery signal in small cell off-mode. The detailed evaluation assumptions are in Table 3. 

Table 3. Evaluation assumptions for RSRP measurement using CSI-RS
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	3.5 GHz

	Channel profile
	EPA, 3km/h

	Frequency error
	Uniformly distributed in [-200, 200] Hz

	Timing error
	Perfectly known to UE

	Measurement duration
	1ms / 4ms

	Measurement interval
	1ms

	Measurement  bandwidth
	6PRBs / 50PRBs

	Number of antenna ports for CSI-RS
	1

	State of a cell
	Small cell off-mode

	SINR
	-9dB, -6dB, -3dB


According to current specification in [3], the RSRP measurement accuracy requirement is 6 dB on the condition of SINR  -6 dB in normal condition. As can be seen in Figure 3, the accuracy requirement can be fulfilled when multiple CSI-RS subframes are used for measurement in case of smaller measurement bandwidth. We can expect similar accuracy improvement in smaller (measurement) bandwidth if multiple CSI-RS configuration would be given to an UE. If measurement bandwidth is increased, measurement accuracy is improved. 
Observation 2: The enhancement scheme of RSRP measurement accuracy using CSI-RS may be needed for at least smaller (measurement) bandwidth system.
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Figure 3. RSRP measurement accuracy using CSI-RS in case of measurement bandwidth of (a) 6 PRBs and (b) 50 PRBs.

Conclusions
We discuss the discovery signal design and have following proposals and observations
Proposal 1: Introduce downlink discovery signals and enhance small cell discovery mechanism so than two or more small cells should be detected.
Proposal 2: No RLM is performed with discovery signal in small cell off-mode.
Proposal 3: it may be required to define QCL relationship between discovery signal and PSS/SSS/CRS of the cell.
Proposal 4: Further investigation on necessary enhancements is necessary if CSI-RS based discovery signal is designed.
Observation 1: The enhancement scheme of cell detection using CSI-RS may be needed for at least smaller bandwidth system.
Observation 2:The enhancement scheme of RSRP measurement accuracy using CSI-RS may be needed for at least smaller (measurement) bandwidth system.
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