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1
Introduction

The use of DRS can enable the proper functioning of small cell on/off in time scales that provide gains.  Furthermore, in highly dense deployments, DRS can enable UEs to discover multiple small cells, despite the associated increase in interference.  A DRS can be composed of multiple component reference signals.  At RAN1 #76bis it was agreed that
· A DRS comprises the following signals

· Both PSS and SSS are transmitted

· Additional reference signals include CRS and/or CSI-RS.

After much discussion, the possible alternative combinations of component RS for the DRS were narrowed down to the following:
· Alt. 1: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CRS with configurable
· Alt. 3a: DRS is PSS/SSS/CRS

· Alt. 3b: DRS is PSS/SSS/CSI-RS

· Alt. 5: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CSI-RS with configurable.

In this contribution we study the effect of the different DRS alternatives on cell selection based on RSRQ measurements.  Simulation results are provided comparing the effect of each DRS alternative on cell associations and system level throughput.
2
Discussion
The benefit of turning off a cell is obtained by limiting the amount of interference caused by unnecessary transmissions of legacy PSS/SSS in every frame and CRS in every subframe.  To further extend the gains of turning off small cells, dynamic and fast switching should be implemented.  In order to enable effective and dynamic on/off switching of cells, UEs must be able to detect and perform measurements on small cells in either on or off states.  This can allow the network to determine what cells should be turned on, be turned off or remain in their current state.  Therefore, to achieve the possible performance of small cell switching, it has been agreed to introduce a discovery signal (DRS).  A UE can be configured with a timing of the DRS, upon which it may detect and measure small cells.  To achieve the dual task of detection and measurements, multiple flavors of DRS have been proposed.

At RAN1 #76bis it was determined that the DRS should include PSS/SSS and either one or both of CRS and CSI-RS.  The advantage of using a CRS based discovery signal is that such an implementation is most similar to legacy LTE behavior.  A disadvantage is that the reuse factor is low and this can be especially detrimental in a dense deployment of small cells.  This issue can be dealt with by using a subframe offset for the DRS of different small cells.  However this could lead to UE battery waste by requiring multiple measurement occasions and also to an undesirable spreading of interference over time.  CSI-RS offers a high reuse factor and when combined with zero-power CSI-RS can mitigate the possible high interference found in synchronized and dense small cell clusters.  However, CSI-RS has lower density per PRB than CRS and this can affect the estimation error.
The main effect of possibly erroneous measurements on DRS is incorrect RSRP estimation (and by extension, incorrect RSRQ measurement).  This can lead to sub-optimal cell association.  In the case of small cells using on/off, sub-optimal cell association can be detrimental to the entire system given that improper cells may be turned on and these may cause unwanted interference to UEs in other cells.

Transmission Point Measurements
In CoMP Scenario 4, the concept of transmission points sharing same cell ID was introduced.  In CoMP a UE may be connected to one or more of the transmission points, and this may be done transparent to the UE.  Small cell on/off may be extended to transmission point on/off.  Similar to the above discussion on small cell detection and measurement, transmission point detection and measurements in the off state is a requirement for maximizing possible gains.  At RAN1 #76bis, methods to identify and measure transmission points were discussed.  If the DRS contains PSS/SSS and only CRS, it is unclear how TP detection and measurement can be performed without enhancing CRS.  On the other hand, a DRS with PSS/SSS and at least CSI-RS can enable UEs to detect and measure TPs by uncoupling the cell ID from the CSI-RS configuration (possibly with the use of a virtual cell ID).
Current cell detection allows a UE to determine the cell ID from the PSS/SSS and thus to detect the CRS.  In the case where the CSI-RS is used for TP identification and measurement, a UE could be configured with a list of CSI-RS to detect in a measurement occasion.  Such a list of possible CSI-RS could be tied to a cell ID or CRS configuration.  In such a case a UE could first detect, and possibly measure, the CRS of a group of transmission points, and upon successful detection, the UE could attempt to detect and measure the transmission points by the CSI-RS associated with the cell Id of the CRS.
Observations:
· Detection and measurement of Transmission Points in a shared cell ID deployment is not possible using CRS alone as discovery signal.

· Detection and measurement of Transmission Points using CSI-RS can be achieved with appropriate CSI-RS configuration.
3
Simulation 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 to optimize load balancing to the small cell layer.

· Baseline (i.e. no on/off of small cells) with CRS-based RSRQ (i.e. legacy RSRQ)

· Case 1: On/off with CRS-based RSRQ

· Case 2: On/off with CSI-RS based RSRQ (i.e. RSRQ calculated from RSRP based on CSI-RS)

· Case 3: On/off with RSRQ calculated from CSI-RS and CRS.

In all cases it is assumed that 4 samples are taken over a measurement period of 200ms, which require that the discovery signal (CRS and/or CSI-RS) is transmitted at least every 50ms.  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.  On the other hand, for CRS-based measurements, some CRS collisions are assumed given the size of each cluster, and also PDSCH interference on CRS is assumed.  No transition time is modelled for on/off.
Table 1: Effect of DRS components on cell association
	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
	0 dB bias
	20.71
	26.30
(-1.46%)
	25.88
(-18.3%)
	26.55
(3.79%)
	10.27
(-5.34%)
	8.62
(-40.6%)
	11.00
(3.38%)
	37.6

	
	3 dB bias
	20.70
	26.69
	31.66
	25.58
	10.85
	14.52
	10.64
	18.3

	On/Off
	CRS
(0 dB bias)
	20.71
	33.91
(27.1%)
	25.26
(-20.2%)
	38.83
(51.8%)
	12.56
(15.8%)
	9.38
(-35.4%)
	18.14
(70.5%)
	36.3

	
	CRS
(3 dB bias)
	20.74
	37.02
(38.7%)
	34.71
(9.63%)
	37.44
(46.4%)
	16.88
(55.6%)
	18.16
(25.1%)
	16.83
(58.2%)
	15.4

	
	CSI-RS
(0 dB bias)
	20.75
	36.79
(37.8%)
	29.96
(-5.37%)
	37.17
(45.3%)
	13.90
(28.1%)
	1.49
(-89.7%)
	14.51
(36.4%)
	3.8

	
	CSI-RS
(3 dB bias)
	20.74
	36.77
(37.8%)
	28.56
(-9.80%)
	36.98
(44.6%)
	14.24
(31.2%)
	0.90
(-93.8%)
	14.42
(35.5%)
	2.5

	
	CRS &
CSI-RS
(0 dB bias)
	20.76
	34.02
(27.5%)
	25.64
(-19.0%)
	38.91
(52.1%)
	12.62
(16.3%)
	9.24
(-36.4%)
	17.81
(67.4%)
	36.9

	
	CRS &
CSI-RS
(3 dB bias)
	20.79
	36.99
(38.6%)
	34.20
(8.02%)
	37.52
(46.7%)
	16.56
(52.6%)
	16.46
(13.4%)
	16.56
(55.6%)
	15.8


From the above results it appears that CRS-based measurements perform better than CSI-RS-based measurements at cell edge, while providing comparable performance for the average throughput.  Furthermore, the difference between using CRS alone and CRS + CSI-RS is negligible, for both mean packet throughput and cell edge throughput.
Observation:

· Use of CRS + CSI-RS based RSRQ results in similar throughput performance as CRS-based RSRQ and better throughput performance than CSI-RS-based RSRQ.
The use of same cell ID for multiple transmission points was not studied in this simulation.  Based on the discussion above, it is clear that with legacy CRS, transmission points sharing same cell ID could not be detected nor measured.  On the other hand, using measurements based solely on CSI-RS does not enable on/off switching to provide similar gains as CRS-based measurements, especially for cell edge UEs.  Given that the added overhead of having both CRS and CSI-RS in the DRS is minimal and that the cell association performance is similar, we propose the following:
Proposal:

· To enable shared cell ID transmission point detection and measurement, the DRS should be composed of both CRS and CSI-RS along with PSS/SSS.
4
Conclusions
This contribution provides simulation results comparing measurement of small cells based on DRS composed of PSS/SSS and either one or both of CRS and CSI-RS.  Furthermore we discuss the benefits of each possible alternative DRS composition.  The following observations and proposal are made:

 Observations:

· Detection and measurement of Transmission Points in a shared cell ID deployment is not possible using CRS alone as discovery signal.

· Detection and measurement of Transmission Points using CSI-RS can be achieved with appropriate CSI-RS configuration.
Observation:

· Use of CRS + CSI-RS based RSRQ results in similar throughput performance as CRS-based RSRQ and better throughput performance than CSI-RS-based RSRQ.
Proposal:

· To enable shared cell ID transmission point detection and measurement, the DRS should be composed of both CRS and CSI-RS along with PSS/SSS.
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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


