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1
Introduction

A SI on small cell enhancements was recently concluded [1].  One of the enhancements under study in the SI is the enabling of dynamic small cell on/off with discovery.  A new WI on physical layer aspects of small cell enhancements [2] was approved at RAN#62.  The physical layer small cell WI has in scope to “ensure the efficient operation of networks with small cell layers composed of small cell clusters, taking into account of the study documented in 36.872”.  For small cell on/off the WI states:
· 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/signals(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 a previous contribution [3] we discussed the need to perform RRM measurements on a discovery signal, and also provided simulation results showing the effect of RSRP estimation error on throughput.  In this contribution we provide further simulation results comparing realistic CRS and CSI-RS based RSRQ measurements for cell association with small cell on/off. 
2
Background
To enable dynamic small cell on/off, UEs must be able to detect small cells in any state in order to help the network determine whether a cell should be turned on to serve the UE or whether the UE can be served by an already turned on cell.  To provide the possible gains that come from turning a cell off, at the very least a new discovery signal should be less dense than legacy discovery mechanisms.  To achieve this, multiple possible discovery signals have been discussed during the SI.  Two of the leading candidates are discovery signal based on CRS with reduced periodicity or CSI-RS.  The advantage of using a CRS based discovery signal is that such an implementation is most similar to legacy LTE behavior.  One disadvantage is that the reuse factor is low and this can be detrimental in dense clusters of small cells – especially if these cells are synchronized. CSI-RS offers a high reuse factor and when combined with zero-power CSI-RS can mitigate the possible high interference found in dense small cell clusters. On the other hand, CSI-RS has lower density per PRB than CRS and this can affect the estimation error.
The main effect of incorrect RSRP estimation (and by extension, incorrect RSRQ measurement) is for cell association.  Due to estimation error, a UE may be incorrectly associated with a cell (say a second best cell) rather than another one (say a best cell).  This effect can be especially damaging in highly dynamic on/off given that a non-optimal cell may be turned on to enable a download transfer to a UE.  The effect of such non-optimal turning on of a cell can propagate given that different interference behavior may affect future file downloads.  
3
Results
Results are shown in the Table below for the following cases under Scenario 2a and 1 cluster of 10 cells per macro area. Each case is simulated with two bias values (0 dB and 3 dB).

· Baseline (“No On/Off”) with CRS-based RSRQ (i.e., legacy RSRQ)
· On/Off with CRS-based RSRQ

· On/off with CSI-RS-based RSRQ (i.e., RSRQ calculated from RSRP based on CSI-RS)
· On/off with CSI-RS-based RSRQ and single-shot measurements

For the three first cases it is assumed that 4 samples are taken over a measurement period of 200 ms, which require that the discovery signal (either CRS or CSI-RS) is transmitted at least every 50 ms. The fourth case is to study the performance when measurements are taken from a single sample (“single-shot”) instead of over the normal measurement period of 200 ms, for the CSI-RS case. The use of single-shot measurements may influence performance by the fact that the cell association decision is based on the most recent load conditions, at the expense of more noisy estimate of the desired signal levels. For CSI-RS-based measurements it is assumed that zero-power CSI-RS are deployed in the small cell layer such that no interference between CSI-RS occurs within a cluster. No transition time is modeled for On/Off.
	Simulation case
	Served cell throughput [Mbps/macro cell area]
	Mean Packet Throughput [Mbps]
	5%-tile Cell edge  throughput
[Mbps]
	%-age macro

	
	
	All
	Macro
	Pico
	All
	Macro
	Pico
	

	No On/Off
	CRS 

(0 dB)
	20.71
	26.30
	25.88
	26.55
	10.27
	8.62
	11.00
	37.6

	
	CRS

(3 dB)
	20.70
	26.69

(+1.5%)
	31.66

(+22.3%)
	25.58

(-3.7%)
	10.85

(+5.7%)
	14.52

(+68.5%)
	10.64

(-3.3%)
	18.3

	On/Off
	CRS

(0 dB)
	20.80
	37.95

(+44.3%)
	30.82

(+19.1%)
	38.18

(+43.8%)
	15.45

(+50.4%)
	12.68

(+47.1%)
	15.79

(+43.6%)
	3.1

	
	CRS

(3 dB)
	20.79
	37.65

(+43.2%)
	33.01

(+27.6%)
	37.73

(+42.1%)
	15.60

(+51.9%)
	14.69

(+70.4%)
	15.30

(+39.1%)
	1.6

	
	CSI-RS
	20.75
	36.79

(+39.9%)
	26.96

(+4.2%)
	37.17

(+40.0%)
	13.90

(+35.4%)
	1.49

(-82.7%)
	14.51

(+31.9%)
	3.8

	
	CSI-RS

(3 dB)
	20.74
	36.77

(+39.8%)
	28.56

(+10.4%)
	36.98

(+39.3%)
	14.24

(+38.7%)
	0.90

(-89.6%)
	14.42

(+31.1%)
	2.5

	
	CSI-RS

Single shot

(0 dB)
	20.57
	37.26

(+41.7%)
	22.96

(-11.3%)
	38.89

(+46.5%)
	12.66

(+23.3%)
	0.83

(-90.4%)
	16.17

(+47.0%)
	10.2

	
	CSI-RS

Single shot

(3 dB)
	20.64
	37.49

(+42.6%)
	27.59

(+6.6%)
	38.26

(+44.1%)
	14.17

(+38.0%)
	1.64

(-81.0%)
	15.43

(+40.3%)
	7.1


From the above results it appears that CRS-based measurements perform slightly better than CSI-RS-based measurements, either normally averaged or single-shot measurements. The improvement is larger when looking at the cell edge UE’s. When comparing the results for single-shot measurements to averaged measurements in the CSI-RS case, there is a slight improvement in mean throughput (at the expense of some degradation in the 0 dB bias case).
Observations:
· Use of CRS-based RSRQ results in slightly better throughput performance than CSI-RS-based RSRQ (mostly for cell edge UE’s) under the simulated scenario (2a) with small cell on/off enabled
· No conclusive effect is observed when comparing single-shot with averaged measurements for CSI-RS
Further investigations should be undertaken to evaluate the effect of a non-zero transition time for different types of measurements.

3
Conclusions
This contribution provides simulation results comparing realistic CRS and CSI-RS based RSRQ measurements for cell association with small cell on/off. The following observations are made:
Observations:

· Use of CRS-based RSRQ results in slightly better throughput performance than CSI-RS-based RSRQ (mostly for cell edge UE’s) under the simulated scenario (2a) with small cell on/off enabled

· No conclusive effect is observed when comparing single-shot with averaged measurements for CSI-RS
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Appendix A

 Summary of system-level simulation assumptions
	Parameter
	Values used for evaluation

	Deployment
	Scenario 2a

1 cluster per macro area, 10 small cells per cluster

	Number of UEs
	30, 80% dropped indoors

	Simulation duration
	10000 TTI

	Tx power setting
	Macro cell: 46 dBm

LPN/Pico: 30 dBm

	System bandwidth
	10 MHz 

	Antenna configuration
	2x2x2 Xpol

	Antenna Pattern
	Macro cell: 3D

LPN/Pico: 2D

	Feedback scheme
	PMI/CQI per cell/Tx point

Feedback periodicity: 10ms

Feedback delay: 6ms

	Channel estimation
	Ideal

	CRS interference
	White noise, power averaged per RB

	UE Receiver
	MMSE-IRC

	Traffic Model
	NFB FTP Model 3

	Link adaptation
	Realistic

	Handover Margin
	0 dB

	DL transmission scheme
	SU-MIMO rank 2


