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1
Introduction

A DRS can be used to enable both the discovery of small cells in an interference-heavy dense deployment, as well as the discovery of small cells using on/off switching.  At RAN1 #76, the following was agreed for measurements on DRS:

· For intra-/inter-frequency RRM measurement, at least DRS-based RSRP measurements are supported.

· For RRM measurements, support DRS-based RSRQ-like measurements.

· Details are FFS.

· For received signal quality (RSRQ) measurement:

· FFS: whether RSSI can be measured by symbols including discovery signals or symbols not including discovery signals.

In a previous contribution [2] we investigated the effect on cell association of using OFDM symbols containing DRS or not for the RSSI measurement.  In this contribution we provide additional results taking into account the new RSSI definition proposed by RAN4 in [3].
2
Discussion
In a dense deployment of small cells it has been shown that it is beneficial if small cells perform on/off switching to reduce interference [1].  A small cell that is in the off state can be assumed to at least stop transmitting CRS.  In such a scenario, it may be impossible, using legacy mechanism, for a UE to make the required measurements on that cell for appropriate cell selection.  Therefore it may be impossible to determine when an off cell without any served UEs should be turned on.  Also, in the same dense deployment, there may be an increase in interference that affects the detectability of cells, even when they are on.  This may mean that some UEs are not able to connect to an optimal cell due to sub-optimal cell detection.  Based on these arguments, in RAN1 #76 it was agreed to take RRM measurements on a DRS.  The DRS can be transmitted even when a cell is in the off state.  Furthermore, this DRS may be designed in a way that improves detectability compared to CRS.
For cell association, it is sometimes desirable to use a received signal quality metric such as RSRQ.  This is especially important for the case of a small cell layer using a different frequency than the macro cell layer.  A UE may experience different interference levels in each layer and using RSRP will not represent this.  Thus to ensure proper cell association, RSRQ is used given that it includes RSSI to model the effect of interference in each layer.  Legacy RSSI measurements are taken as the total energy present in the center 6 RBs of an OFDM symbol that includes CRS transmission.  The use of symbols with CRS interference for RSSI measurements is to ensure fair interference measurements especially in non-full buffer scenarios.  In non-full buffer scenarios a UE may not experience interference from a neighboring cell due to PDSCH transmission; however the UE will still experience interference from CRS transmission in every subframe.

For small cells configured to use on/off switching, UEs will use the DRS to make RRM measurements.  Simple reuse of the logic behind the definition of legacy RSRP and RSRQ on DRS leads to an issue, specifically with RSSI.  Namely, given that the RSRP is measured on DRS, should the RSSI also be measured on symbols with DRS?

The DRS should not be transmitted in every subframe like the CRS and could have a periodicity of multiple frames.  Therefore, including the DRS interference in the RSSI measurement may over-represent the contribution that DRS has over the interference seen by a UE in most subframes.  Furthermore, including the DRS in RSSI measurements removes some of the effect on interference of any on/off state of neighboring cells given that if DRS is transmitted in both states, the portion of RSSI coinciding with the DRS will remain unchanged regardless of the neighboring cell state.  On the other hand, as discussed in [4] not including any reference signal in the RSSI measurement may increase the dynamic range of the RSRQ, given that the RSSI may approach a very small value if most cells are off.
3
Results
We present simulation results for the case where the DRS (reusing CRs configuration) is transmitted every fourth frame and realistic RSRQ measurements on DRS are used for cell association.  Three cases are studied:

Case 1: The UEs measure RSSI in a symbol without DRS.

Case 2: The UEs measure RSSI in a symbol where all cells transmit DRS.

Case 3: The UEs measure RSSI in all symbols of a subframe that includes DRS.

The component RS of the DRS used for RRM measurements is assumed to be a CRS.  The third case is meant as a compromise between the first two cases and is as proposed in the LS provided by RAN4 [3].  The complete list of assumptions is provided in the appendix.
The main difference between the first two cases is that in the first case, interference caused by DRS is effectively deemed to be as important as that caused by CRS given that the RSSI measurement cannot resolve the effect of the higher periodicity of the DRS transmission compared to the CRS transmission.  On the other hand, the third case is meant to further reduce the effect of DRS on the RSSI measurement without removing it altogether.

We look at two load levels (low and medium) and in the tables below we have highlighted the best cell association biases for each case.

Table 1: Cell association based on realistic RSRQ for different RSSI measurements – low load
	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
	Case 1

(-3 dB bias)
	20.79
	38.06

(42.6%)
	28.40

(-10.3%)
	38.48

(50.4%)
	16.17

(49.0%)
	9.46

(-34.8%)
	16.46

(54.7%)
	4.1

	
	Case 1

(0 dB bias)
	20.80
	37.95

(42.2%)
	30.82

(-2.65%)
	38.18

(49.3%)
	15.45

(42.4%)
	12.68

(-12.7%)
	15.79

(48.4%)
	3.1

	
	Case 1

(3 dB bias)
	20.80
	37.84

(41.7%)
	32.98

(4.17%)
	37.92

(48.2%)
	15.61

(43.9%)
	14.70

(1.24%)
	15.61

(46.7%)
	1.5

	
	Case 2

(0 dB bias)
	20.78
	34.24

(28.3%)
	25.47

(-19.6%)
	39.12

(52.9%)
	12.58

(15.9%)
	9.39

(-35.3%)
	18.37

(72.7%)
	35.8

	
	Case 2

(3 dB bias)
	20.81
	37.07

(38.9%)
	34.22

(8.10%)
	37.60

(47.0%)
	16.36

(50.8%)
	14.89

(2.55%)
	16.42

(54.3%)
	15.7

	
	Case 2

(6 dB bias)
	20.79
	34.64

(29.8%)
	39.38

(24.4%)
	34.51

(34.9%)
	14.13

(30.2%)
	12.43

(-14.4%)
	14.13

(32.8%)
	2.7

	
	Case 3
(0 dB bias)
	20.74
	35.10

(31.5%)
	28.18
(-11.0%)
	38.29
(49.7%)
	14.54
(34.0%)
	10.83
(-25.4%)
	17.13
(61.0%)
	31.5

	
	Case 3
(3 dB bias)
	20.75
	36.90
(38.3%)
	33.63
(6.22%)
	37.56
(46.8%)
	17.08
(57.4%)
	16.79
(15.6%)
	17.08
(60.5%)
	16.7

	
	Case 3
(6 dB bias)
	20.73
	35.26
(32.1%)
	34.32
(8.40%)
	35.32
(38.1%)
	15.27
(40.7%)
	19.07
(31.3%)
	15.21

(43.0%)
	5.7


Table 2: Cell association based on realistic RSRQ for different RSSI measurements – medium load

	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
	40.77
	22.13

(0.87%)
	19.88

(-19.4%)
	23.06

(8.31%)
	6.98

(-2.38%)
	5.38

(-36.4%)
	8.10

(16.2%)
	29.3

	
	3 dB bias
	40.87
	21.94
	24.66
	21.29
	7.15
	8.46
	6.97
	19.3

	On/Off
	Case 1

(-3 dB bias)
	41.05
	28.92

(31.8%)
	20.80

(-15.7%)
	30.14

(41.6%)
	9.18

(28.4%)
	5.53

(-34.6%)
	10.39

(49.1%)
	13.1

	
	Case 1

(0 dB bias)
	41.05
	28.22

(28.6%)
	22.09

(-10.4%)
	28.94

(35.9%)
	9.13

(27.7%)
	7.03

(-16.9%)
	9.70

(39.2%)
	10.4

	
	Case 1

(3 dB bias)
	41.07
	28.05

(27.8%)
	26.39

(7.02%)
	28.19

(32.4%)
	9.30

(30.1%)
	8.56

(1.18%)
	9.31

(33.6%)
	8.1

	
	Case 2

(0 dB bias)
	41.03
	28.09

(28.0%)
	20.63

(-16.3%)
	31.06

(45.9%)
	8.83

(23.5%)
	5.90

(-30.3%)
	11.08

(59.0%)
	28.5

	
	Case 2

(3 dB bias)
	41.04
	28.64

(30.5%)
	27.03

(9.61%)
	28.98

(36.1%)
	10.32

(44.3%)
	9.99

(18.1%)
	10.35

(48.5%)
	17.1

	
	Case 2

(6 dB bias)
	41.04
	26.44

(20.5%)
	34.70

(40.7%)
	25.74

(20.9%)
	8.84

(23.6%)
	16.21

(91.6%)
	8.62

(23.7%)
	7.9

	
	Case 3
(0 dB bias)
	40.93
	28.30
(29.0%)
	22.36
(-9.33%)
	30.37
(42.6%)
	9.28
(29.8%)
	7.04
(-16.8%)
	11.03
(58.2%)
	25.8

	
	Case 3
(3 dB bias)
	40.98
	28.64
(30.5%)
	26.16
(6.08%)
	29.20
(37.2%)
	10.27
(43.6%)
	9.82
(16.1%)
	10.47
(50.2%)
	18.3

	
	Case 3
(6 dB bias)
	40.94
	27.42
(25.0%)
	27.66
(12.2%)
	27.38
(28.6%)
	9.15
(28.0%)
	9.15
(8.15%)
	9.12
(30.8%)
	12.0


For case 1 where no DRS is assumed in the symbol where RSSI is measured, the cell association is biased towards small cells given that the interference from off cells is assumed non-existent.  This is especially true of low load scenarios where the percentage of macro UEs is very low given that small cells will typically be off.  In order to provide better results, a negative bias needs to be used to push UEs towards the macro layer.  It is seen that for medium load the mean packet throughput is very similar among all cases (using optimized biases) and furthermore the percentage of macro UEs is also similar.  The performance for medium load is more tied to the percentage of macro UEs and this is reachable from any type of RSSI measurement using an appropriate bias.  On the other hand, for low load there is an improvement in mean packet throughput when using case 1 RSSI measurements.  It can also be noticed that for case 1, performance is relatively insensitive to the exact bias value.
Comparing the two cases where DRS is included in the RSSI (case 2 and 3); we see that averaging over all symbols provides similar results to using a single symbol.  The only difference is observed in low load at cell edge, where averaging over the entire subframe provides some gain.  Even though averaging over the entire subframe reduces the contribution to the interference of DRS, it does not entirely remove it.  This leads to the problems discussed above, wherein the RSSI of a UE, especially in low load may be disproportionately affected by DRS interference from ‘off’ small cells. 
Observations

· Comparable performance can be reached with RSSI measurement including DRS (over single symbol or over all subframe) or not including DRS, using different bias values

· Optimum bias is negative with RSSI not including DRS

· Performance with RSSI measurement not including DRS under low load is less sensitive to the bias

The above results suggest that the performance of a certain type of RSSI measurement may be sensitive to load conditions and potentially other deployment-related factors.  For this reason, instead of defining RSSI to include (or not) DRS and over a symbol or whole subframe, in a fixed manner, it may be preferable to allow the network to configure the resource in which this type of measurement is taken.
Proposal: The network should have the possibility of configuring the resource in which the RSSI measurement is taken.
4
Conclusions
In this contribution we present results for realistic RSRQ measurements on DRS.  We study three cases for RSSI measurements, a first case where the RSSI measurement is made on a symbol where DRS is not transmitted, a second case where the RSSI measurement is made on a symbol where DRS is transmitted and a third case where the RSSI measurement is made on all symbols of a subframe where DRS is transmitted.  Based on the results, the following observations and proposals are made:

Observations

· Comparable performance can be reached with RSSI measurement including DRS (over single symbol or over all subframe) or not including DRS, using different bias values

· Optimum bias is negative with RSSI not including DRS

· Performance with RSSI measurement not including DRS under low load is less sensitive to the bias

· Proposal: The network should have the possibility of configuring the resource in which the RSSI measurement is taken.
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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


